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about HARD-FACING MATERIALS 


By means of hard-facing—which is the 


also reduces time lost for replacements, 
lowers power consumption, and helps to 
maintain high efficiency. In addition, hard- 
facing often makes possible the use of sub- 
stitute base metals in the fabrication of parts. 
Outlined below are facts you should know 
when selecting hard-facing rods. 


process of welding on to wearing parts a 
coating, edge, or point of a hard metal— 
it is possible to protect metal surfaces that 
normally wear away rapidly in service. This 
method not only makes industrial parts last 
from two to twenty-five times longer, but 


Properties Required for Hard-Facing 


High-quality materials are required to 4. Ease of application by ordinary weld- 
obtain full benefit from hard-facing. The ing techniques. 
mater ils should possess the following 5. Resistance to high-temperature oxida- 
properties: 


tion during application by welding. 


1. Inherent hardness. 


6. A melting point slightly lower than 
that of steel, the usual base metal. 


3. “Red Hardness”—or the retention of | 7. A coefficient of expansion close to that 
initial hardness up to red heat. 


2. Resistance to abrasion. 


of the base metal. 


Types of Materials Available 


Group 1—These alloys are relatively low in cost. 
They are alloy steels consisting of an iron base with 
less than approximately 20 per cent of alloying con- 
stituents. Example: Hascrome iron-base hard-facing rod. 


Group 4—The fourth group consists of tungsten 
carbide “diamond substitute” materials, supplied in a 
variety of forms, and combining a maximum of wear 
resistance with cutting qualities when applied on the 
cutting edges of drilling tools. Example: Haystellite 
composite rod, tube rod, and inserts. 


Group 2—These are iron-base alloys containing more 
than 20 per cent of alloying elements. They are useful 
for services involving more severe abrasive wear than 


the metals of group 1. Example: Haynes Stellite “03” Send for Helpful Literature 


llé 03 
c hard-facing rod. Write for the booklet “/Hard-Facing 
Materials Data.” can be tacked on 
up group made up essentially of non the shop wall for convenient reference 
: ferrous cobalt-chromium-tungsten alloys. Hardness is on such points as the selection of the 
inherent and retained at high temperatures. Example: right rod, application techniques, and 
ie Haynes Stellite grades 1, 6, and 12 non-ferrous hard- amount of rod required. A copy will be 
: facing rod. sent without charge. 


HAYNES STELLITE COMPANY 


Unit of Union Carbide and Carbon Corporation 
New York, N. Y. [fgg Kokomo, Ind. 


Chicago—Cleveland—Detroit—Houston—Los Angeles—San Francisco—Tulsa 


HARD-FACING RODS FOR EVERY PURPOSE | 


The words “‘Haynes Stellite,"’ *‘Hascrome,” and *“‘Haystellite,”’ are registered trade-marks of Haynes Stellite Company. 
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Conservation of Material by Welding 


By A. O. Andersen and W. L. Mitzenius! 


HE Consolidated Edison System Companies 

have eleven electric generating stations and four 

gas manufacturing plants. With an operation of 
this size, we are confronted with many maintenance 
problems. Some lend themselves to considered plan- 
ning because the repair is not urgent, others become 
emergencies and repairs must be made quickly in order 
to return the piece of equipment to service. 

In these strenuous times our own storeroom shelf does 
not have a supply of this or that, and even worse, neither 
does the manufacturer carry replacement parts because 
we are all doing our part to help the war effort. Know- 
ing that we cannot get a duplicate part, or rough cast- 
ings, or even billets from which to fabricate needed parts, 
we must devise ingenious schemes to complete the repair. 

We have found that the electric welding rod and the 
gas welding torch have many times been a “friend in 
need.” 

In addition to the salvaging of the critical materials on 
hand, welding is a great saving of time under present 
conditions because of the difficulty in obtaining quick de- 
livery of metals. 

A glimpse at some of our photographs of jobs done 


oe at the Annual Meeting, A. W. S., Cleveland, Ohio, Oct. 12 to 15, 
t Consolidated Edison Company of New York, Inc. 


Fig. 3—Repairing Bronze Casings 
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fan? 


Fig. 4—Hard Facing Coal Feeder Screw 


Fig. 5—Repairing Gas Storage Tank 


within recent months will give an idea of the versatility 
of welding. 


Repairs by Welding 
Pumps 


The blades of our large pumps which are used to cir- 
culate salt water for cooling become badly eroded after 
several years of service. The impellers of these pumps 
are cast bronze and consist of a series of blades or vanes 
cast integral with the runner as shown in Fig. 1. 

The defective portions of the vanes on the impeller 
shown in the photograph were cut out with a carbon arc 
and new cast pieces were welded in their places. While 
it took about 800 Ib. of bronze rod to replace all the 
blades in this 60-in. diameter impeller, the quantity was 
not considered large in view of the fact that this impeller 
weighed 4200 lb. Furthermore, the cost of this repair 
was only a fraction of the price of a new impeller. 

The shaft of one of the same type pumps broke just 
inside the housing. This shaft was 9 in. in diameter 
and 15 ft. long. After magnafluxing the entire shaft the 
broken end was found to have many fatigue cracks and 
could not be used. Instead of purchasing a complete 
new shaft, we used a piece of an old shaft of the same 
grade of steel of suitable dimensions to piece out the 
other section. The shaft was centered in the lathe in line 
with the piece of stock that was to be welded to it. The 
broken shaft and stock were chamfered approximately 
30° and welding started using an electric arc. See Fig. 2. 

During welding a temperature of 500° was maintained. 
This weld took 83 passes using 90 lb. of welding rod. 
After the weld was completed, it was stress relieved by 
means of electric induction coil. The weld and the por- 
tion welded to the shaft were then machined to the 
proper size and the shaft pressed into the pump runner. 
By this method we were able to make a repair without the 
purchase of a new piece of steel. 
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Just before the December peak load on our electric 
system the shaft of a 1000-hp. motor driving the same 
type pump failed at the coupling, causing the loss of one. 
half of the capacity of a 165,000-kw. generator. This 
shaft was repaired in a similar manner using only a smal] 
forging to replace the piece broken from the end of the 
shaft. Thus, by the use of welding, we were able to re. 
store this generator to full capacity in a few days. The 
repaired shaft is still in service after about a year’s 
operation. 

A number of our boiler feed pumps, the casings of 
which are cast bronze, have been effectively repaired and 
restored to their rated capacity by means of welding. 
The upper half of one of these bronze casings is shown in 
Fig. 3. 

The worn parts were built up by means of electric 
welding using bronze rod. To hold the welded material 
at the edges, a copper strip was used as a form. After 
welding the upper and lower halves of the casing they 
were set in a boring mill and machined to give proper 
clearances for the internal parts. 


Coal Feeder Screws 


The threads of coal feeder screws wear very rapidly 
due to the abrasive action of the coal. The worn edges 
of the screw are built up with a hard surface material by 
welding as shown in Fig. 4. After welding, the screws 
are centered in a lathe and ground to the proper dimen- 


sions. By this process, these screws can be reclaimed 
many times. 


Bowler Tubes 


About one hundred steam generating tubes in some of 
our boilers became worn thin dué to the action of the ash 
at a point that could not be reached by a welder. There- 
fore, it became necessary to remove these tubes and cut 
out the thin portions. The salvaged sections were 
pieced by welding to form the equivalent of a new tube. 
Thus two tubes were made from three old ones. By this 
process only one-third the total number of new tubes 
had to be purchased. 

Superheater tubes are also repaired by cutting out 
the leaky sections and welding in short pieces. Approxi- 
mately two hundred such repairs have been made during 
the past twelve months. 

This year it became necessary to renew the tubes in an 
economizer which had approximately 360 tubes. Of this 
number 80 had been installed new last year. When re- 
moving tubes from an economizer they are cut off with 
an acetylene torch near the return header. To reuse 
these 80 tubes it was necessary to weld a short section on 
each end of the 20-ft. tube. This was done by removing 
the first gill ring, then welding on a short piece of tubing 
and pressing the ring back over the weld to complete the 
repair. By means of welding we were able to reuse these 
relatively new tubes. 


Gas Holders 


Our gas holders sometimes corrode at the water seal. 
To make such repairs the manufactured gas is first re- 
moved and the holder is filled with an inert gas. The 
dam sheet which held the water is then cut away so as 
to get at the corroded section. The rivets which were in 
the defective section are flushed off and ring welded with 
an electric are. A reinforcing piece is placed over the 
portion which needed repair and made gas tight by 4 
fillet weld (see Fig. 5). Plug welds are also made in this 
piece to further reinforce it. Finally, the dam sheet 1s 
welded back in place to complete the job. 
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Fig. 6—Fabricated Coal Downtake Pipe 


Conservation and Effective Use of 
Equipment and Supplies for Welding 
and Cutting 


By H. 


NE of our distinguished technical society presi- 
dents has said, ‘In this war of metals, hope for 
victory rests largely upon America’s metal in- 

dustry.” The unprecedented speed with which our 
metal resources are being fashioned into implements of 
war is laying the sure foundation for the eventual tri- 
umph of the United Nations. Many of you are inti- 
mately familiar with the significant role that the welding 
and cutting processes are playing in the war production 
effort. Vast production programs are keyed to the ef- 
fective use of these processes. Our basic intelligence 
would therefore dictate conservation in every phase of 


+ Paper oe grueened at the Annual Meeting, A.W.S., Cleveland, Ohio, Octo- 
ber 12 to 15, 1942 
" 1 Manager, Process Service, The Linde Air Products Company, New York, 


Coupling 


A 14-in. coupling from a turbogenerator became dis 
torted and over size. Instead of purchasing a new 
coupling the two halves were built up by a '/s-in. pad 
of welded material and rebored to the size of the shaft. 
This operation not only conserved material but helped 
to return the machine to service quickly. 


Fabrication by Welding 


Welding has been used to good advantage when parts 
were needed which could not readily be purchased from 
the foundry. For example, a coal downtake pipe was 
formed with sheet metal by welding the seams and 
joints as shown in Fig. 6. 

A pivot bowl for a coal discharge 
same manner. 

When some special sections of 12- and 30-in. cast iron 
pipe were needed for one of our stations, we used some 
straight cast sections which were salvaged from other 
jobs. These were cut at angles or pieces burned out of 
them to form the desired shapes and lengths leaving the 
cast flanges at the ends. The pieces were set up and the 
joints tack welded. Then they were preheated by blank- 
ing the ends leaving a hole for inserting a gas burner. 
When they reached the proper temperature, the pieces 
were brazed around the joints with bronze rods. 


was fabricated in the 


Conclusion 


An experienced welder, with a little ingenuity, can be 
of very great assistance in making ends meet with what 
you have on hand. 

Now that you have had this i at some of our 
welding operations on pump impellers and shafts, boiler 
tubes, gas holders, etc., you can see that the art of weld 
ing has contributed and can contribute even more to the 
conservation of metals. 


Ullmer' 


the application of these vital assets, whether in metal pro- 
duction fabrication or in the maintenance and repair of 
industrial equipment. 

In essence, industrial war effort is made up of three es- 
sentials—materials, time and human energy. Time and 
human energy might quite properly be combined and 
called “productive man-hours.’’ These represent the 
brains and brawn which together with materials finally 
become ships, tanks, bombers and other articles we need 
so vitally today. Wecan have more of these weapons 
or less—depending on how well we employ these essen- 
tials. 

It is necessary for us to reorient our thinking, however. 
Since December 7, 1941, we have had to learn many 
lessons, not the least of which has been the clearing away 
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of some of the old self-sufficiency smugness. Now we 
must conserve, whether we like it or not, and this is 
rather difficult because it has been so much easier in the 
past for us Americans to expand rather than to save. 
The prodigal use of our resources has long been charac- 
teristic of American production. We who were so 
blessed that it was never even necessary to debate seri- 
ously the possibility of scarcity have suddenly been 
awakened to find those days have passed. 

Today, in the midst of relative scarcity, industry can 
practice conservation in three important ways. First, 
conservation must be practiced by effective and eco- 
nomical utilization of materials and time-labor in order 
to save materials, and ‘‘productive man-hours.” This is 
exemplified by the many and far-reaching applications 
of oxyacetylene processes—flame cutting, welding, heat- 
ing, priming, softening, hardening, conditioning, goug- 
ing. Second, conservation must be practiced in waste 
control, that is, the preventing and stopping of those 
various little leaks caused by poor policing, bad work 
habits and careless tool husbandry. Third, we must 
conserve by the education of new as well as old operators, 
and the short, intensive training courses for raw re- 
cruits whether men or women. Inseparably joined to all 
branches of work within these three classifications are 
safe practices and correct procedures. 


How Oxyacetylene Processes Conserve Materials, 
Time and Human Energy 


While this paper will be concerned primarily with the 
conservation of welding gases, equipment and supplies, I 
will make brief mention of the effective use of the various 
oxyacetylene processes to show how such use is itself 
helping to save materials, time and labor. The following 
will illustrate a few of the ways in which the oxyacetylene 
flame and cutting-oxygen stream are aiding our great 
industries in obtaining maximum output at the highest 
possible speed, and with a minimum of human effort and 
materials. 


Welding and Cutting Speed Shipbuilding 


Typical of operations where emphasis is on speed is 
the oxyacetylene cutting and beveling of ship plates. 
Shipyards using a combination of cutting and other 
flame processes together with electric welding are ob- 
taining remarkable production rates, and it is universally 
agreed that the combination of these two processes is the 
most important factor in making possible the high pro- 
duction schedules in ship construction today. Because 
of the growth of our shipbuilding program, existing facili- 
ties for square face as well as beveled-face cuts proved 
entirely inadequate, and this resulted in the develop- 
ment of oxyacetylene cutting equipment and techniques 
that produce square, single- and double-beveled edges at 
remarkable speeds by means of automatic machines 
equipped with multiple blowpipes. Other papers to be 
presented at this meeting will describe various new 
precision and rough-cutting developments in great 
detail, so I will say no more on this subject, except to 
emphasize again the point that the magnificant records 
of war-production achievements made by our metal- 
fabrication industries would not have been possible had 
not the effective use of oxyacetylene processes brought 
into being the necessary saving of material, time and 
labor. 

In ship repair, oxyacetylene processes are indispensable 
as timesavers. An outstanding example of the time 
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saved by welding repair is in the salvage of the main en. 
gines and other vital parts of the sabotaged cargo vessels 
which the United States Government took over about a 
year and a half ago. The huge engine cylinders which 
had been damaged by saboteurs were repaired in place— 
that is, without removing the engines from the ships— 
by the bronze-welding process. Repairs were made in a 
matter of weeks, compared to the six months to a year it 
would have required had it been necessary to replace the 
damaged parts with new castings. 


Savings in Parts and Materials 


Ways in which oxyacetylene processes are helping to 
conserve parts, equipment and strategic materials are 
many and varied. 

Consider the flame-hardening process, for instance. 
By means of this process, National Emergency steels 
(which are low-alloy steels) often can be used satisfac- 
torily as alternates for the standard alloy steels for such 
parts as dies, shear blades, pump liners and piston rods. 
Because flame hardening imparts hardness only to the 
surface of the part, core properties such as toughness and 
ductility are not affected. Thus, steels having substan- 
tial alloy content to obtain both good core and surface 
properties when they are furnace hardened are not neces- 
sary for flame hardening. This, in effect, contributes 
materially to the saving of strategic elements such as 
nickel, chromium and vanadium. 

Another way in which vital alloys in tool steels are 
being conserved is by means of flame softening. Armor 
plate is being flame cut, for this is the fastest and most 
economical way to do much of this work. However, 
cutting in these high and complex-alloy steels develops 
hardness on the cut surfaces. This superficial condition 
would, if permitted to remain, cause greater wear of tool 
steels employed in subsequent machining operations, but 
the hardness is removed by flame softening these edges. 
Thus scarce alloys are conserved. 

Mention should also be made of the hard-facing process 
for prolonging the life of dies, cams, valve-seating sur- 
faces and hundreds of similar parts subjected to the wear 
and tear of high-speed production. Not only do hard- 
faced parts last longer, thus saving numerous replace- 
ments, but also there is more continuous production be- 
cause of less time out for replacements. Similarly, the 
bronze-surfacing process is valuable for rebuilding many 
types of worn parts. 

Finally, the various welding processes not only are in- 
dispensable for prolonging the life of parts, but also are 
used for the salvage and repair of all types of damaged 
equipment. Getting equipment repaired and back on 
the job will always save considerable time, and in these 
days of priorities it is often next to impossible to obtain 
new parts in any reasonable length of time. 


Conservation of Man Power 


The instances where oxyacetylene processes are saving 
valuable man-hours and energy compared with older and 
slower methods are well known and too numerous to 
mention. Yet I would like to point out a phase of 
oxyacetylene development that has its effects not alone 
on the operator but also on his fellow workman often en- 
gaged in totally different crafts. I refer to flame goug- 
ing. This process provides a means for quickly and 
accurately removing a narrow strip of surface metal from 
steel plate, forgings and castings. With the gouging 
blowpipe, operations that normally involved a great 
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deal of mechanical removal and required many hours of 
tedious labor are now performed in a matter of minutes. 
This saving in time and the greater output is important, 
but I wonder if it has been realized how much the cessa- 
tion of noise and vibration has meant to the physical 
and mental response of the workman and those engaged 
in labors nearby. Conservation of humane ffort makes 

ossible a greater and smoother flow of human energy 
and we should never lose sight of this factor in our con- 
servation efforts. 


One of the most spectacular labor-saving developments 
of the oxyacetylene process is steel conditioning—a 
process for the removal of surface defects from semi- 
finished steel. Hand scarfing, as it is generally known 
throughout the steel industry, has dominated all other 
methods for the conditioning of steel. The develop- 
ment of special oxyacetylene machines which auto- 
matically remove the entire surfaces of blooms, billets, 
and slabs as part of the continuous rolling process has 
further eliminated one of the steel industry’s most serious 
bottlenecks, and has proved to be a large part of the 
answer to the steelmaker’s most perplexing problem— 
the uninterrupted production of steel from ingot to 
finished form. Whether steel is oxyacetylene condi- 
tioned by hand or by mechanical means, the saving in 
labor by either type of operation has been tremendous 
and has gone far toward making man power available for 
other mill operations. 


Developments in mechanized oxyacetylene welding, 
while primarily designed to simplify and speed the join- 
ing of metal parts, are also contributing to the conserva- 
tion of man power, and a considerable number of mech- 
anized gas-welding applications are being used in the 
production of weapons and implements of war. 


Salvage of Scrap 


Any discussion of conservation and the effective use of 
oxyacetylene processes would be incomplete without 
mention being made of the preparation of steel scrap. 
Throughout the land the pressing need for scrap is being 
broadcast. To the man in the street all steel scrap is the 
same. The steel man, however, knows differently. His 
biggest worry is caused by the difficulty of getting suf- 
ficient heavy melting scrap, for this is the backbone of 
the open-hearth furnace melt. Thus, old steel-furnace 
skulls are being dug up from dumps and slag heaps, 
and huge old cast-iron finishing rolls are being cut up. 
Such items as these are often several feet in thickness 
and would never break under the drop ball. The oxy- 
gen lance in conjunction with the cutting blowpipe is 
being put to work wherever necessary, for otherwise it 
would be impossible to sever such masses. The scrap- 
ping of heavy equipment, and the removal of old street- 
car and railroad rails are also familiar sights. 


The importance of scrapping operations and scrap 
preparation cannot be overemphasized, and the scrap 
cutter can serve his country in no better way than by 
using his intelligence and skill now more than ever before 
in making the fewest cuts and employing the lowest gas 
consumption possible to produce the greatest tonnage. 
He should remember that much of his work calls for the 
use of cylinder gases, and proper and efficient use of those 
gases, plus conscientious efforts to operate with the best 
possible cylinder turnover, is a contribution to the na- 
tional war effort of no small dimensions. 
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Waste Control in Conservation 


So much for the first phase of conservation as exempli- 
fied by some of the many and varied applications of the 
oxyacetylene process in industry. Let us now take a 
quick look at waste control and its part in conservation. 

A great many examples could be presented, but let 
leaky pipe-line valves, leaky hose and leaky blowpipe 
valves suffice as three common illustrations of poor polic- 
ing on the part of management. Minute leaks go on to 
make a torrent when considered nationally. Then there 
is the cutting or welding operator who thoughtlessly al 
lows gases to burn unnecessarily, who uses oxygen and 
acetylene for preheating a casting when the use of a less 
expensive fuel is entirely feasible and economically sound, 
or who throws away stubs of welding rods; these are 
examples of bad work habits. There are common ex 
amples of poor tool handling too: such as the operator, 
who uses his blowpipe as a pry bar or as a hammer, or 
who insists he can do a better job with enlarged tip ori- 
fices—and does his own reaming out to make sure. All 
these bad practices are contributions to scarcity. 

The use of excessive oxygen pressures in an attempt to 
increase cutting speeds is not uncommon, and much 
study and time have been devoted to educating cutting 
operators in proper practices. A recent study disclosed 
some information on the subject that is of interest. If 
an operator makes a cut through 1-in. thick steel, 7 ft. 
above the floor level, at the recommended oxygen pres 
sure of 35 psi. for the particular equipment used, the 
sparks will shoot a distance of 11 ft. and from here the 
bounce or rebound will carry a certain number of these 
sparks 5'/2 ft. further, or 16'/, ft. infall. If the operator 

doubles the oxygen pressure he is using, the sparks will 
first shoot 14 ft. with the rebound carrying live sparks as 
far as 26 ft. To those companies engaged in, say, ship 
construction and repair, this information is of special 
importance from the standpoint of safety, and they and 
all of us might remember that when such wasteful prac- 
tice is permitted, there is introduced a special fire hazard 
that may by itself contribute to tremendous wastage of 
materials, time and labor. This is quite apart from the 
fact that such unsafe practice wastes oxygen and acety- 
lene. 

Copper and its alloys are among the most vital of 
strategic metals. Blowpipe tips, nozzles and other 
parts of equipment are made of copper or copper alloys, 
metals which are available to manufacturers of welding 
and cutting equipment only through allocation. War 
production has not only made the consumption of tips 
and nozzles far in excess of normal requirements, but, 
in addition, has brought an increasing strain on replace- 
ments. If used correctly, these tools should last almost 
indefinitely, but the emphasis that has been placed on 
speed has caused some industries to be almost wasteful in 
their use of these vital items. 

In order to assure continuous production and protect 
the war effort, every plant and especially the large 
plants using large quantities of tips and nozzles should 
initiate a definite program of conservation. Information 
on such reclamation procedures has been made available 
and can be obtained from manufacturers of welding and 
cutting equipment. Such parts as tips, nozzles and 
heads can often be reclaimed either on the job or in the 
repair shop without much difficulty. They should never 
be discarded unless there is absolutely no possibility of 
repair. Just think of the tens of thousands of copper 
tips that are at work this very moment, and the impor- 
tance of a seemingly little thing like this type of reclama- 
tion is at once apparent to everyone. 
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The use of the correct kind of welding rod holds a para- 
mount place in any discussion on conservation but there 
is a phase of this conservation that requires the exercise 
of thought and good judgment. Of all the many welding 
rods none is more important today, from the standpoint 
of scarcity, than bronze rod. Of course, the bronze- 
welding process is a timesaver, and does make possible 
reclamations that using cast iron or steel rod welding 
would call for considerably more care and skill. Never- 
theless we must learn to weigh all the circumstances be- 
fore deciding to bronze weld, for the rod that is used for 
a weld today cannot be used again tomorrow, and sup- 
plies of bronze rod are limited. No matter what type of 
welding is decided upon the edges should be prepared 
properly and the chamfers or vees kept to recommended 
angles. If this is done, less weld metal and less reinforce- 
ment will be needed, and that means smaller volumes of 
gases, less rod and less time needed for the job. 

Hose is made of rubber, and in view of the precarious 
situation which confronts the nation it is unnecessary 
to stress care regarding the handling and maintenance 
of hose. Longer lengths than are necessary is especially 
wasteful, and, in addition, require excess oxygen pres- 
sures. Wherever possible, pipe lines or other indestruct- 
ible means of conveying the gases should be installed in 
place of hose. Also, we should never lose sight of the 
fact that regulators require the use of almost 100% 
of scarce metals for their manufacture. Their care and 
maintenance are, therefore, important. Waste control 
calls for the exercising of much common sense and good 
judgment but will pay big dividends immediately. 


The Importance of Oxygen and Acetylene Cylinders 


Oxygen and acetylene cylinders are another important 
factor in conservation. These cylinders are made of 
steel. Steel is directly needed for weapons—ships, 
tanks, guns and ammunition. Furthermore, the rapidly 
expanding needs of our armed forces and other govern- 
ment organizations very definitely prevented oxygen and 
acetylene manufacturers from increasing their supply of 
cylinders. It is not possible for a supplier to buy addi- 
tional cylinders today. Therefore, complete coopera- 
tion is essential if the needs of industry are to be kept ser- 
viced. Good cylinder turnover is imperative. Cylin- 
ders must be returned promptly. Carrying a little extra 
stock of cylinders ‘‘just to be on the safe side’ creates an 
unnecessary burden on every user of gases as well as on 
the supplier, and thus we see that hoarding injures our 
friends as well as ourselves. However, the user is en- 
titled to and must have all the cooperation necessary 
from the supplier so that his requirements covering his 
demand will arrive on time. 

Again the company that insists on using cylinder 
acetylene, when generated acetylene has been shown to 
be entirely feasible and advantageous for his plant and 
work, is not only practicing poor economy but is using 
up precious man-hour time and essential material in un- 
necessary cylinder charging, in transportation to and 
from the supplier’s plant, and transportation within his 
own plant. In addition, such extra trucking expends 
just a little more of that precious commodity we can least 
afford to expend—trubber. 

On this last point let me report to you on a study made 
recently for an aircraft factory. This investigation 
showed that 1700 truck miles per month would be saved 
in substituting generators for cylinder acetylene. 
Coupled with this fact were the further advantages to 
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the user of lower cost of the generated acetylene atid the 
added assurance of having from two to three weeks’ 
supply of carbide on hand compared with dependence 
upon daily deliveries of cylinder acetylene. 


The Need for Education 


The third phase of conservation is the training of new 
operators. This is an important phase, because in 
primary training conservative work habits can be formed 
including effective use processes, correct procedures, 
safe practices and waste control. 

The oxyacetylene industry is a service industry. By 
that I mean we are primarily engaged in supplying ma- 
terials to other industries which are then able to pro- 
duce and fabricate articles. It is necessary that we em- 
ploy specialists who are carefully trained in the proper 
uses of these materials. These specialists, in turn, in- 
struct plant welding and cutting operators that use these 
items in both old and new applications of the oxyacety- 
lene process. It would seem plain, then, that it is our 
duty as suppliers to instruct users to more efficiently, 
safely and effectively use the many oxyacetylene applica- 
tions that enter into every branch of American industry. 

Federal, state, city and private schools have been and 
still are overburdened. Many of the larger industrial 
companies have established their own training schools as 
the only solution to their problem. All that has been 
done is excellent, but is it enough? It is possible that 
even more can be accomplished by streamlining such 
courses to fit a limited but definite class of operations. 
Such a course would consist of bare necessities of informa- 
tion along general process lines, hut intensive instruction 
of those branches peculiar to the work being performed. 
Such a streamlined course might include motion pictures, 
slides, use of voice transcriptions, as well as the regular 
lessons, so that there would be a standardized procedure 
for an industry. This is a vital subject and one that is 
beyond the scope of this paper, but it is, nevertheless, 
an important part of the conservation program. 

A great deal of educational material is already avail- 
able, including instruction sheets, posters, pamphlets, 
books, magazines and picture diagrams. Practically 
all of this material can be obtained without charge. 
This material, together with the individual guidance of 
engineers and service operators furnished to customers by 
those companies engaged in supplying the needs of the 
oxyacetylene user, is available upon request. It is 
suggested that industry will make full use of these facili- 
ties. In this way the fabricator—that is, the plant weld- 
ing and cutting operator and his immediate superiors 
may have all the educational benefits that are available 
In order that this job be done thoroughly it 1s necessary 
to have the full cooperation of plant management in 
order to insure the proper execution of a well-planned 
program. Preferably, responsibility should be placed in 
the hands of an individual in each plant. 

In treating this vast subject of conservation along 
broad lines, it is impossible to draw up any hard and fast 
conclusion covering specific recommendations in the 
order of their importance. If I were asked to make a 
summation it would be about as follows: Our industry is 
doing its utmost to educate our customers and our cus- 
tomers’ men toward most effective use without waste for 
this is vital to them as operators, producers or fabricators, 
to us as suppliers, and to our nation as a whole in its task 
of getting a tremendous job done as quickly and as 
thoroughly as possible. 
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Gas Cutting in Shipbuilding 


By R. F. Helmkamp’ 


Introduction 


BRIDGE of ships to our far-flung battle fronts 
is urgently needed. Every minute lost from 
shipbuilding delays the final day of Victory. 

Right now ships are needed more than any one thing. 
Without ships our all-out effort is paralyzed. With pro- 
duction of war materials piling up on our docks it is 
speed that is required. The 488 ships delivered up to 
September 25, 1942, just about replace the losses. 

Shipbuilding at its present production rate will meet 
the 8,000,000 tons projected for 1942 and this is to be 
doubled in 1943. If the recent record of 15 days from 
keel to delivery or cutting previous records in half can 
be maintained, then we can meet the 1943 quota with 
existing yards. 

Figure 1: American shipyards are working feverishly 
day and night to replace our serious losses. Shipyards on 
both coasts are booming with activity developing 
speed-up processes designed to cut delivery time and cost. 
It is time that counts now and turning darkness into day- 
light increases the efficiency of the night crews. 

Figure 2: Assemblies progress rapidly with highly 
organized crews that really click together. Position 
welding of flame-cut parts is taken advantage of to the 
fullest extent for reasons of speed and soundness of work. 


a Presented at the Annual Meeting A.W.S., Cleveland, Ohio, October 12 
15, 1942. 
t Machine Cutting Specialist, Air Reduction Sales Co., New York, N. Y. 


Figure 3: Large prefabricated units of from 40 to 60 
tons are placed in position on the ways by cranes that are 
capable of the task. 

Figure 4: The ship rapidly takes shape and launching 
dates are met. 

Figure 5: The gas torch even plays its part in the 
launching procedure by cutting the launching plate, the 
last restraining member before the 10,000-ton merchant 
ship starts down the ways. 

Figure 6: Down the ways and to the fitting-out dock 
goes another link in the bridge of ships. 

Figure 7: When completed the ship takes its place in 
the all-important service of supply for the united ef- 
fort. 


Data Records 


Gas cutting is the mighty silent high-production proc- 
ess that has contributed in incalculable measure to the 
success of the present high-speed, low-cost program. Gas 
cutting is a flexible procedure and to a production 
manager may mean no more than a hammer does to a 
machinist but it is the mainstay of present production 
schemes. A greater knowledge of the applications may 
help the production manager solve some of his problems. 

All yards keep tonnage figures, based on daily output. 
This serves as the yardstick of accomplishment from 
which many other valuable deductions are made. 

Figure 8: Some yards are keeping records of gases 
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used. This may be done on a suitable time basis and 
checked against steel tonnage for like periods. Gases 
required to process a ton of steel may be developed. 
You can also watch the gas ratio to see that it does not 
get out of line. The total number of gas torch operators 
per ton of steel, as well as the gases used per operator, 
provide some interesting data, invaluable in estimating. 
Now that the opportunity presents itself, many yards 
are developing and watching such charts. 
Typical approximate data are as follows: 


Oxygen, cubic feet per ton of steel.......... 350 to 400 
Ratio oxygen to acetylene................. 3.5 to 4 
Gas torch operators per ton of steel......... 1.6 
Oxygen, cubic feet per day per operator..... 200 


Versatility of Gas-Cutting Equipment 


In the present production procedure which uses gas 
cutting for the sizing and shaping of plates and shapes 
and castings we find the hand torch and the portable, as 
well as the stationary gas-cutting machines, in the pro- 
duction lines doing an unflinching job of keeping up the 
production schedule with plate cut to the line. Looking 
over the new yards you will find them all almost wholly 
dependent on gas-cutting equipment—why? The adapt- 
ability, portability, low initial cost, the speed, accuracy 
and dependability of operation, plus the ease of develop- 
ing competent operators, fit the gas-cutting process into 
the present speed program. You can do a bigger job 
with gas-cutting equipment with but a fraction of the 
usual capital investment, and you can get gas-cutting 
equipment. 

When using the gas-cutting process much layout is 
simplified and all cutting operations may often be com- 
pleted without shifting or handling the plate. In many 
cases the application of multiple torches is practical, 
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resulting in increased production for the same elapsed 
time, multiplied by the numbet of torches employed. 
Where stack cutting may be used to advantage, volume 
increases also. Each job should be studied and the proc- 
ess applied that will produce the volume desired with the 
quality required. 


Material Handling Facilities 


Adequate handling facilities will keep production up 
to schedule. Often it has been found that not lack of 
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machines but lack of crane service was holding up pro- 
duction. Machine work factors can and will reach up to 
75 to 80% in many instances. The problem in brief is 
to keep the work to be done in position so that when an 
operation is completed the other is ready to start. True, 
this requires double or triple length cutting and tracing 
tables but it pays in output. Another form of handling 
arrangement for portable machines and hand equipment 
is the stationary table with a roller top. Work is laid 
out, then pushed ahead to the cutters and when opera- 
tions are completed the work piece is pushed ahead to an 
unloading or stacking zone. This line system allows 
operators to work on both sides of the plate at the same 
time. 


Large-Capacity Shape-Cutting Machines 


Accelerated mass production practices call for large- 
capacity shape-cutting machines capable of the task. 
These are now being adapted by plant engineers into ac- 
curate mass production units. 

Figure 9: A line of accurate large-capacity shape- 
cutting machines producing floors cut to size. The mas- 
ter templet serves to produce three like pieces. 

Figure 10: Since the plates to be cut are but a frac- 
tion of the size of the cutting area, production has been 
stepped up by using maximum machine capacity or two 
pieces on each side of the templet. 

Figure 11: Shows the multiple cutting of nested end 
floor sections. The outside contour as well as all open- 
ings are cut in one setting. 

Figure 12: Engine room foundation longitudinals 
25 ft. long by 10'/; in. wide are ripped from a 1-in. plate. 
Two passes with four torches produce six pieces. Note 
the wedge clamping arrangement that holds the cut sec- 
tions true. Straight line work of this nature requires 
cutting on both edges simultaneously. The machine 
arms are locked, no templet guiding is required for such 
operations. 


Plate Squaring, Splitting and Beveling Machines 


Accurate straight line cutting eliminates fit-up dif- 
ficulties and cuts down on welding time. Time saved 
contributes to speed which today comes first. 

Figure 13: A special straight line machine with a 
capacity of 114 in. wide by any length, depending on rail, 
has a straight line cutting accuracy of '/s in. on 32-ft. 
length cut. Plate comes into position on a ball transfer 
table top and is clamped in position for cutting. 

Figure 14: Ingenuity and small portable cutting ma- 
chines, equipped with side roller attachments, are doing 
a highly satisfactory and speedy job of plate squaring. 
The small machines are guided by the special lift templet 
jig which can be positioned by cranes or by the self-con- 
tained lifting arrangement that allows the jig templet to 
be rolled into position. Plates to be squared are ad- 
vanced to position on the cutting table with a roller top. 

Figure 15: A simple and effective method of providing 
fits for two plate edges is to cut the adjoining edges in one 
operation. Such procedure requires definite routing of 
plates to be joined. 

Figure 16: This plate squaring and splitting machine 
can be equipped with or without floating torches. Plate 
edges may be square cut, beveled or multi-beveled. The 
range as to width is 100 in.; length depends only on rail. 
Such units could cut and square plates on both sides of 
the rail if production requirements need such perform- 
ance. 
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Figure 17: This machine may be equipped with a 
vertical floating trailer supplied with an indexing ar- 
rangement for torch settings. 

Figure 18: The cross-cut machine for trimming the 
plate ends is a separate unit. When moved into position 
it is securely clamped to the rail. Working on the same 
rail as the longitudinal machine insures cuts at right 
angles. 


Portable Machines and Hand Torches 


Figure 19: This general view of a plate shop shows 
roller top cutting tables for quickly advancing work. 
Operations on both sides of plates are accomplished at the 
same time with portable machines doing various single 
and multiple torch operations. 

Figure 20: The hand torch is the versatile gas-cutting 
unit as shown cutting channel frames for tank top ends. 

Figure 21: Formed channels and angles often take 
such shape that corners hump. Jigging the channel or 
angle and holding with wedges allows the trimming oper- 
ation to be done with portable machines. This opera- 
tion may be accelerated by using another tip in advance 
of the cutting tip. 


Reducing Scrap Small Shape Cutting Machine 


Figure 22: Cutting operations of larger parts on larger 
shape-cutting machines as well as portable machines pro- 
duces considerable scrap of usable size. Collection of 
such steel provides material that may be reduced to ulti- 
mate scrap by utilizing the smaller shape-cutting ma- 
chines to produce dogs, cleats, wrenches, straps, brack- 
ets, lugs, wedges and U C & L welding clamps. 

Figure 23: In order to increase production and sim- 
plify the handling problem these small shape-cutting 
machines are mounted on tracks spanning the cutting 
table. Work pieces are laid down and as cutting is com- 
pleted the machine is advanced and locked on the rails. 
The cut pieces and scrap may then be removed without 
interrupting the cutting operations. 

Figure 24: The small shape-cutting machine and a 
layout of templets for the cutting from scrap of numerous 
pieces and parts. 


Beams, Cutting to Dimensions and Shape 


Figure 25: Welded ship construction requires many 
special beams fashioned from standard structural shapes. 
Here we have a collection of subassemblies made up of 
gas-cut structural shapes. 

Figure 26: The ripping of beam flanges is done with a 
portable machine. No track is required, guiding is done 
from the web since layout centers from that member. 
Layout is reduced to a minimum and parallel layout of 
beams on skids speeds production. 

Figure 27: Converting (I) beams to a long leg (T) 
beam is a simple operation with a portable cutting ma- 
chine equipped with the side roller attachment. 

Figure 28: In this case the portable cutting machine, 
equipped with side rollers, is removing the flanges of an 
(I) beam to produce a (T). 


Wide Kerf Cutting and Slotting Operations 


Figure 29: Welded construction is beginning to use 
slotted members through which continuous members 
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may be inserted for welding. Other operations requiring 
slotting, such as these grates, are readily accomplished 
with the various types of available slotting and wide kerf 
cutting tips. 

Figure 30: Wide kerf cutting tips have been designed 
to produce controlled kerf widths in steps of '/1 in . from 
3/4 to 7/y-in. widths. With these tips all the metal in the 
kerf is removed in one pass producing a slot of the width 
for which the tip was designed. 


Figure 31: Slotting tips do the same job as the wide 
kerf tips, except that two parallel cut lines are made 
simultaneously to produce the desired width. These tips 
range upward from a '/,-in. width slot. 


Figure 32: This represents a comparison between the 
wide kerf cutting tip that removes all the metal in the 
kerf and the slotting tip that produces two definitely 
spaced parallel cut lines. In sizes from '/, in. upward 
all the metal is not removed for reasons of economy of the 
operation. 


Swinging Bevel Cutting 


Figure 33: Cutting the deck to fit the shell plating and 
leaving the correct angle for the welding operation has 
always been a job requiring a skillful operator. This 
job has required multiple adjustments working in unison 
but recent developments have simplified the operation 
while doing a better job. 


Figure 34: A portable machine equipped with a swing- 
ing bevel attachment, when track guided, will produce 
straight line swinging bevel cuts. When the side roller 
attachment is used curved lines may be cut from 30° 
open bevel to 30° closed bevel without resetting. By 
resetting, cuts may be made from zero or the vertical 
position to 60° either side of the vertical position. As 
shown the cut is at 30° open bevel. 


Figure 35: The cut shown has progressed from the 
30° open bevel in a continuous operation to a 30° closed 
bevel. The cut surface is a progressively swinging bevel, 
smooth and straight. 


Vertical Line Cutting 


Figure 36: Shipbuilders have a need for vertical cut- 
ting machines for cutting doors and other openings in 
prefabricated sections aboard ship. The multi-torch 
power-driven unit is shown working on a test operation. 


Serrated Beams 


Figure 37: The requirement for serrated beams in 
ship construction is a problem readily met by the gas- 
cutting machine. This illustration shows quantities 
stacked for use. 

Figure 38: Serrated beams find their way into the 
ship’s structure, as shown in this midship bottom hull 
section assembly. 

Figure 39: Production of serrated longitudinal chan- 
nel stiffeners are produced in multiple, with a large 
shape-cutting machine working on five channels at a 
time. The channels are assembled, flanges down, in 
lifting beds that also serve as clamps by wedging. Cuts 
are started and stopped one inch from each end. A water 
spray is used during the cutting operation to lessen dis- 
tortion. 

Figure 40: After the cutting operation is completed 
the jig clamping bed assembly is lifted off the cutting 
bed and another assembly is placed in position for cut- 
ting. 

Figure 41: The serrated beam torch cutting operation 
is guided by the metal-faced wood templet shown. 


Fluted Bulkheads 


Figure 42: The fluted bulkhead is typical in tanker 
construction and presents a cutting problem. The port- 
able cutting machine with a floating trailer attachment 
is the answer to this production problem. 

Figure 43: Trimming a section of welded fluted bulk- 
head showing the portable cutting machine with the tilt- 
ing torch trailer working on the down grade. The entire 
operation is continuous. ° 


Heavy Cutting 


Figure 44: Stern posts castings are cut to size and fit 
for final joining by Thermit welding. These cuts are 
approximately 27 in. thick. Eight cuts are required on 
four sections that complete the final assembly 

Figure 45: A portable machine cutting and trimming 
stern frame end. 


Conclusion 


One of the most significant reasons for the lopping off 
of months from the scheduled launching dates of naval 
and merchant ships has been the mass production con- 
tributions of oxyacetylene gas cutting of the many plates 
and shapes encountered in shipbuilding. 


“High-Quality Welding in Ver- 
tical and Overhead Position 


with Alternating Current’” 


Discussion by C. J. Holslag' 


WOULD like to commend Mr. Westendarp on his 
article, which is very good. However, I would like 
to refute the line in the second paragraph, which 


* Paper by H. O. Westendarp, Jr., blished in Tae Wetptnc JourNnat 
ler esten J publis: J 


t Electric Arc, Inc., Newark, N - 


1942 


says “It was practically impossible to produce successful 
arc welds with them on alternating current’’ with the 
opening sentence of the fourth paragraph ‘During the 
first World War, however, alternating current welding 
obtained serious recognition in this country as a coming 
welding process.”’ 


I would also like to quote, from the American Institute 
Journal, volume 37, line 5, page 37, which says ‘The 
most success with these welds was made with alternating 
current, not using an asbestos covered rod.’ This 
article was written by H. A. Horner of the Welding 
Committee of the Emergency Fleet Corporation. 
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A Quick Cheap Way of Making 
High-Speed Steel-Tipped Tools 


By C. B. Ericson* 


HE salvage of discarded ends of high-speed steel 

tool bits, worn out high-speed steel blades re- 

moved from inserted tooth-milling cutters and 
many other types of high-speed steel tools that are worn 
to the limit in various types of clamp holders is now de- 
sired for many reasons, including the patriotic. 

The management of the average shop finds that it is up 
against a real problem to supply tools for increased pro- 
duction when using new and unskilled help. Tools are 
being broken, in many cases, a lot faster than they can be 
replaced. 

Years back, the gray-haired tool dresser of long ex- 
perience could be depended upon to get the shop out of a 
jam by producing a tool forged from a discard dug out of 
a pile of junk or fished out of some drawer of a little-used 
machine. 

Too few of these men are on the job now, and the shop 
which still has one is fortunate. 

The electric and acetylene welders have all, at one 
time or another, tried to salvage broken parts of high- 
speed steel, but, in most instances, have given it up due 
to inconsistent results. 

A method developed in our welding department and 
in use for many months has so far proved satisfactory. 
High-speed steel tools of the most common types have 
been produced ready to grind in a few minutes. 

Figure 1 shows a tool ready to weld, the shank 
notched out and edges beveled. 

Figure 2 shows the same tool welded and hardened, 
ready for finish grinding. 

Figure 3 shows tools used largely on turret lathes, at 
the same stage as is shown in Fig. 2. 

Figure 4 shows tools used on vertical boring mills at 
the same stage of production (note that shanks have seen 
previous use). 


Foreman. Sallivan Machinery Co., Claremont, N. H. 


Figs. 1 and 2 


Fig. 3 


Figure 5 shows the common planer tools, also at the 
same stage. The diamond point in the center had a lot 
of metal left but the tail locating it in its original holder 
had become broken. 

Figure 6, top, shows a hook planer tool used on T-slots 
that could not be milled due to projections interfering 
with cutter. The tip is made from a discarded flatted 
round, inserted tooth from a well-known milling cutter. 
Little preparation for welding was required. The shank 
was hammer drawn and bent, the notch gas cut. The 
radius let the weld tuck under to the center on both sides 
without beveling. When this tool wore down from use 
and grinding to a point where the distance from the nose 
to the shank would interfere with planing to dimensions, 
the tip was removed by gas cutting, needed metal on 
shank was replaced by welding with low-alloy high-test 
rod, a slight grinding operation was performed and a new 
tip welded in place. Many of these tools are in every- 
day operation. Figure 6, center, shows tool made from a 
bit previously used with a clamp type holder and which 
had been used to the limit. 
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Fig. 4 


The lower view of Fig. 6 shows a tool made from a 
worn out tooth of an inserted type milling cutter. 

As will be noticed from the unretouched photographs, 
utility and not beauty is desired. 


Fig. 5 


The welding method used has been simple. Shanks 
have been of S.A.E.-1045 or equivalent. Annealed or 
hardened tips have been used. The tip is placed in posi- 
ton on the shank and clamped if needed. Using the 
electric arc-welding method, a spot has been tack welded 
so that shank and tip can be handled as a unit. An 
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acetylene torch, using an excess acetylene flame, has then 
been applied to the top and sides of the tip, at a distance 
at first, warming slowly, and then more rapidly until a 
forging heat has been reached on the tip of from 1400 to 
1700° F. If the heat has been correctly applied, the 
shank is 300 to 400° F. cooler than the tip. The weld- 
ing is then quickly performed using a medium-coated low 
carbon electrode. The amperage is lower than usually 
specified for the size of electrode, but may, as usual, be 
affected by the generator or transformer characteristics. 
In general, low amperage is used. 

Without allowing the portions of the tools which have 


been welded to cool down, they are placed in a harden 
ing furnace or a forge fire, or heated with the acetylene 
torch with a slight excess acetylene flame, and are raised 
to a temperature of 2300° F. Then hardening is effected 
by an air blast or oil quench. This avoidance of cooling 
and reheating appears to have a very substantial effect in 
minimizing subsequent breakage. 

Hardened tools may be drawn, if desired, but the 
Sullivan Machinery Co. has used tools as hardened, 
whether in an air blast or by quenching in oil, and also 
drawn tools, and has noted little difference whether tool 
has been drawn or not. 

This method is, of course, varied, in the details of the 
foregoing procedure, in line with equipment on hand. 
Analysis of shanks and properties desired influences treat 
ment. Parts may be separately preheated, before weld 
ing, in two furnaces, to the heats desired. 

Stainless or heat-resisting welding electrode improves 
the appearance and strength of the welding. However, 
the cheaper rod has proved satisfactory for most of the 
welding. Sullivan experience has shown that tools made 
by this method take more punishment and stay sharp 
longer than those made wholly from high-speed steel. 

The shanks are desirably as long as possible, to allow re- 
tipping. The tips can be roughed to shape before weld- 
ing, or may be rough ground afterward, using a soft 
coarse grit wheel. 
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Fig. 1—Lancing Open-Hearth Spill or Skull 


Fig. 2—Piercing Hole in Heavy Section 


Gas Cutting in Steel Mills 


By S. D. Baumert 


ODAY cutting by oxyacetylene methods is play- 
ing a much larger part in the operations and main- 
tenance of the modern steel mill than ever before. 

There is hardly a step in the manufacture of steel and 
its allied products from the scrap pile to the blast furnace, 
open hearth, the rolling mills and the foundry down even 
to the finished product where this process has not taken 
an exceptionally important part. It should be kept in 
mind that steel plants are not only steel makers but also 
finishers and fabricators of many parts now being used 
to further the present war effort. 

Let us take for our first example the old slag dump 
where years ago due to the lack of adequate equipment, 
blast furnace salamanders, open hearth spills and ladle 
skulls were placed along with slag and other types of 
material which apparently were not worth salvaging due 
to excessive costs. 

Now many of these properties established as far back 
as 1908 are being explored and excavated in an effort to 
uncover heavy melting scrap which of course in these 
times has become a very scarce commodity. In some 
cases as much as 40,000 tons of this type material has 
been found in a single location and is the direct cause of 
many an extra ton of steel being produced in open-hearth 
furnaces. 

Here, both the oxygen lance and special heavy cutting 
equipment come into play to either split the scrap into 
charging box size or to prepare it in such a way so that it 
either may be broken by the skull drop or by dynamiting 
the larger pieces weighing as much as seventy-five tons. 


* Presented at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct. 12 to 15, 
tT Air Reduction Sales Company, New York, N. Y. 


Costs for preparing the material in this manner are 
running far below the price for which it can be bought in 
the open market. 

Figure 1 shows the lancing of an open-hearth skull. 

In addition to its use at the above-mentioned scrap 
depots, the oxygen lance is used in modern practice to re- 
place former methods of hand tapping or drilling used to 
open blast furnace and open hearth tapping holes always 
assuring the melter or furnace tender of a rapid, clean 
tap which is so essential when critical analysis steels are 
on order. 

It is also used, in cases where heats are lost through 
the bottom of the furnace, to quickly remove the spills so 
the production loss is kept to a minimum and the mini- 
mum of labor is used. 

There are, of course, many other applications for the 
lance such as piercing holes in heavy sections which 
would otherwise consume large amounts of machine 
time with skilled mechanics and to level off furnace bot- 
toms which gradually build up with scale and would 
otherwise have to be removed from service. 

Figure 2 shows hole being pierced in heavy section. 

Possibly the largest increase in the use of cutting in the 
steel plants at this time has been in the rolling mill di- 
visions and for this reason the various types of work 
are separated into the following groups: 


1. Scarfing or steel conditioning. 
2. Hot cutting. 

3. Billet nicking. 

4. Plate and slab cutting. 


The first of this group, scarfing or steel conditioning, 
has completely revolutionized the cleaning of defective 
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Fig. 3—Scarfing Small Billets 


steels, eliminating almost entirely the use of the pneu- 
matic chipping tool on many grades of steel. 

When the present stringent requirements are con- 
sidered and also the time element involved, this process 
is extremely advantageous for many reasons. 

All steel makers fully realize that former methods of 
cleaning defects from steel by chipping or grinding could 
not possibly meet present-day schedules aside from the 
fact that they are also extremely costly. 

It has been definitely proved that this method requires 
from 50 to 75% less labor to do the same work and that 
maintenance costs on equipment are far lower. 

The value of the scarfing process becomes even more 
apparent with the increase in the amount of surface 
cleaning required per ton of steel conditioned and im- 
provements are constantly being made to secure wider 
and shallower cuts on blooms, slabs and large billets 
which is of distinct benefit to the finished product of both 
carbon and alloy grades. 

Figure 3 shows scarfing of small billets. Figure 4 
shows slab skinning prior to finish rolling into armor 
plate. Figure 5 shows 2'/,-in. wide cuts on 5 x 5-in. 
billets. 

The second of this group, hot cutting, has been used 

by the steel industry mainly because adequate mechani- 
cal shear equipment has not been available in many 
cases to cut heavy sections and also has been brought 
into use because of machinery failure where shear units 
have been operated far beyond their rated capacities. 
_ Although this operation may not be an economical one 
in some cases, it has been the direct answer to many a 
production problem which would otherwise have found 
the mill idle for the lack of cut-off equipment. 

Hot cutting is also regularly employed in severing 
heavy sections of low-alloy grade steels up to 35 in. in 
thickness and to remove excess metal prior to forging 
and machining operations, saving many hours of valuable 
press, hammer and machine time requiring the use of 
skilled mechanics in the performance of the work. 

The third of this particular group is the nicking and 
cropping of billets used in the making of shells for the 
present war effort. 

Whether nicking or cutting is to be employed must be 
decided by the individual plant doing the work, and who 
must conform to certain inspection requirements and 
specifications laid down by the U. S. Ordnance divisions. 

Most manufacturers are inclined to use the nick break 
methods and it is our opinion that this type of procedure 
is faster and less costly than cutting where adequate 
breaker equipment is available. 

As the steel used in the manufacture of this type prod- 
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Fig. 4—Skinning of Slab Steel 


uct lends itself rapidly to the nick break application it is 
also taken advantage of for inspection purposes, most 
inspection units requiring that at least one end of the 
steel shell blank or slug be provided with a square, 
natural fracture so that immediate inspection can be ob- 
tained. 

By experience it has been proved that the use of hand- 
operated torches used in conjunction with simple guides 
and gages are successful in a large majority of cases. 
However, mechanically operated nicking machines carry- 
ing from two to twelve heads have been employed to in- 
sure accurate and square breaks which is essential to 
high-speed shell forming and also to take care of increased 
production. 

Various layouts for both hand and mechanical nicking 
are now being used and those selected will be the ones 
best suited to the individual plant’s layout and facilities, 
and in cases where breaker equipment is not available 
they are naturally using torch cutting methods with 
straight line burning machines for severing the billets. 

Figure 6 shows hand nicking of billets. Figure 7 
shows mechanical nicking of shell stock with double head 
machine. 

The fourth of this group is slab and plate cutting. 

In times such as these, when new, used or adequate 
shearing equipment is almost impossible to secure for the 
rolling mills or when sections are too heavy for accurate 
shearing, oxyacetylene cutting again assumes a very im- 
portant role and has eliminated many a bottleneck in 
production lines. 

Although some of these operations may seem out of 
line to the average person, they have been the immediate 
solution to production problems that would have other- 
wise remained stagnant for many months and would 
have caused delays in plate and slab deliveries which 
could not be afforded at this stage. 


Fig. 5—Wide Scarf on 5 In. x 5 in. Billets 
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Fig. 6—Hand Nicking of Billets 


For example, one steel mill was called on to convert 
a modern strip mill to rolling plates '/2 to 1'/2 in. thick 
to be used in the construction of ships and barges. 

In order to do this, inasmuch as machinery capacity 
was not large enough and because they also could not 
secure the accuracy required from shear equipment on 
the heavier gage material, complete cutting machine 
tables and roller runs were made up to accommodate 
straight line burning equipment. 

Separate positions and transfer tables were set up to 
make two longitudinal cuts simultaneously at four sepa- 
rate locations followed in other positions by cross cutting 
to length. 

This plate burning setup was so engineered as to use 
the highest cutting speeds and the minimum of crane 
handling which was highly essential, due to the crowded 
conditions, in order to move the large volume of steel 
through the mill on schedule. 

Another mill found that they required a certain 
amount of steel of a specified grade and size and in order 
to do this they must have billets of a given section. 
This plant did not have a billet mill capable of rolling 
this particular section so a 26-ft. slab was quickly trans- 
formed into the required size billets using a special cut- 
ting machine and securing nine 3'/2-in. wide pieces from 
each run of the machine. This emergency application 
of flame cutting enabled essential war orders to be filled 
on scheduled time. 


Fig. 8—Cutting Slabs Into Billets 
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Fig. 7—Mechanical Nicking of Billets 


Figure 8 shows finish of cut using 10 torches to cut 
3'/s-in. slabs into billets. 

Still another operation in the same category is the 
stack cutting of steel plate. Where numerous plates of 
the same size and shape are required in the lighter gages 
of material, they are piled together and cut either by 
hand or by one of the many types of mechanical cutting 
machines. 

This process is again one of the many that are being used 
to speed up production so vital to our present needs. 

Last, but not least, to be considered is the steel foundry 
and while most people do not place this industry in the 
same category as a steel plant, nevertheless some of the 
country’s largest steel foundries are operated by the steel 
manufacturer. 

Here gas cutting, to a large extent, received its initial 
chance and has grown steadily in importance over a 
period of years, being employed almost entirely to sever 
risers and gates from castings and to remove defects 
from the many varied shapes and sizes that are so neces- 
sary both from a commercial standpoint and also for the 
maintenance and general operation of the steel plant itself. 

Figure 9 shows a 28 x 36-in. riser being removed from 
a large casting. 

In conclusion we wish to mention that the purpose of 
this article has been mainly to acquaint the reader with 
the broad and varied possibilities that gas cutting gives 
to the manufacture of steel and its allied products. 


Fig. 9—Cutting Steel Risers. A Blade of Flame Kniling 


Through Heavy Steel 
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Spot Welding in Aircraft Structures 


By E. S. Jenkins 


T IS possible to greatly extend the use of spot weld- 
ing in aircraft. The welding machines, the elec- 
trodes, the surface preparation, the control procedure 

—all have been developed to a point where reliable 
welds are available. Aircraft spot welds are being made 
in sufficient quantity to demonstrate a large cost advan- 
tage. What, then, are the reasons for the restricted 
employment of spot welding? In this paper the value of 
some of these restrictions will be examined. Supporting 
arguments for their relaxation will be sought. 

In general, spot welding has been confined to second- 
ary aircraft structures. Secondary structures, as op- 
posed to primary structures, are those whose failure will 
not seriously endanger the performance of the airplane. 
Spot welding of relatively highly loaded primary struc- 
tures, where it is of vital importance that each joint be 
capable of withstanding its apportioned load, is not yet 
common design practice. 

A large part of aircraft construction involves the fabri- 
cation of sheet-stringer skins, this construction consisting 
of thin sheets stiffened by various types of attached 
stringers. The skin is usually highly stressed, values of 
40,000 psi. being common in the vicinity of the stiffeners. 
Although present practice is to use rivets in the fabrica- 
tion of such panels, it is the writer’s contention that much 
of the riveting can be effectively and advantageously re- 
placed by spot welding. 

The time savings resultant from transfer from riveted 
to spot-welded structures are well known and only a few 
illustrative examples need be mentioned here. In the 
fabrication of one panel, consisting of a sheet 24 x 60 in. 
to which are attached five angle stiffeners, the time con- 
sumed to fabricate one unit using well-tooled flush rivet- 
ing is 88.3 man minutes. Spot welding the same panel 
requires 32.8 man minutes. For another typical skin- 
stiffener assembly composing a portion of the stabilizer 
skin of the Curtiss P-40 airplane, the riveted structure 
requires 32.1 man minutes per unit. Spot welding re- 
duces the assembly time to 13.5 man minutes. In addi- 
tion to these time savings, additional economies resulting 
from the use of spot welding are lowered fixture costs and 


the reduced amount of floor space required per installa-’ 


tion. A complete spot-welding unit of conventional 
design is shown in operation in Fig. 1. The unit is foot- 
controlled and otherwise completely automatic in opera- 
tion, although electrical control adjustments are conven- 
iently made when required. The flexible support shown 
in the background has been modified since this photo- 
graph was taken. Now the operation requires only one 
man. 

The necessity of eliminating all forms of surface rough- 
ness in aircraft skin assemblies brings to light an aero- 
dynamic advantage of spot-welded construction. With 
the smoother surface of spot-welded assemblies, the air- 
plane requires less power to fly or it flies faster with the 
Same power because the skin friction is materially re- 
duced. Although ‘invisible’ riveting is possible, the 
time required for such careful surfacing is prohibitive and 


is not good practice from a production standpoint. 
roase Teaented at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct. 12 to 15, 


t Chief of Materials and Structures Research, Curtiss-Wright Corporation, 
Buffalo, N. Y. 


Another favorable feature of spot welding is its rigidity, 
much needed in high performance aircraft. Here the 
required rigidity may call for a heavier structure than 
would be needed for strength alone. The non-rigidity 
of riveted joints is often lost sight of when considering 
the relative merits of the two joints. Since aircraft 
rivets are cold-driven it would be unreasonable to expect 
all hole clearance and misalignment to be overcome by 
upsetting throughout the rivet shank. Loaded in shear, 
the rivet is about one-third as stiff as the spot welds. 

The designer must take into account the effect of 
rigidity on load distribution among the spots. Here he 
comes in contact with a problem which, in the case of 
rivets, is handled quite simply. With rivets, the de- 
signer knows from wide experience in many sorts of ap- 
plication, that he may use certain broad assumptions. 
For instance, in a joint where the rivets are arranged 
along the line of action of the load, he may not hestitate 
to assume each rivet takes an equal share of the load even 
though elastic principles tell him that this cannot be true 
unless a large displacement occurs between the members 
of the joint at each end. 

This displacement at the end rivet may start at a 
rather low load after the friction between the members 
has been overcome. It will increase rapidly as the clear 
ance is being taken up. Then a stage of displacement 
increasing linearly with load will follow. Unless these 
displacements are large enough to prevent it, the load 
on the end rivet will rapidly reach a magnitude at which 
it yields. Then a more rapid displacement will occur. 
At this stage the next rivet will pick up load more rapidly 
until it in turn yields. And so on along the line. The 
load concentrated at the end of the joint gradually 
spreads over a number of rivets. Although the dis 
placements have been spoken of as large, they are still 


Fig. 1—Typical Aircraft Spotwelding Unit. Apparatus Has 
Now Been Modified to Require Only One Man for This Opera- 
tion 
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Fig. 2—The Stress Distribution Along the Shear Plane AA of a 
Lap Joint 


not a large part of the ultimate static displacement. 
Each rivet can still take its share of a larger load. There- 
fore, the joint is not in danger. 

Something like this takes place in a spot-welded joint. 
But since the spot is inherently about three times as stiff 
as a rivet, the spot-welded joint will have more load con- 
centrated at the ends than a similar riveted joint carry- 
ing the same total load. Just how much this handicaps 
the welded joint is not clear. Judging from experience 
it must be slight, probably because design practice as to 
the average load per weld is conservative. 

However, another factor is present, a factor which 
may be of unappreciated importance. Just as in the 
long riveted joint a stage is reached in the loading at 
which the highly loaded end spot begins to yield. That 
is, it begins to deform faster per load increment. As 
long as this deformation can increase without reduction 
in the spot strength, a redistribution of load among the 
spots can proceed successfully; that is, without reduction 
in joint strength. 

So far the discussion has been confined to joints which 
are long in the direction of load. This type was selected 
as an example of load concentration which is fairly well 
understood. However, it is not intended to imply that 
accurate quantitative calculation of load distribution is 
feasible, even in this case. The point to be observed is 
that ductility of the weld, either in the weld nugget or the 
immediately surrounding material, is highly desirable. 
If, without being weakened, the weld can deform to 
several times its elastic deformation, it is called ductile. 
With ductile welds the designer avoids the need for elabo- 
rate analysis, which is time-consuming and of doubtful 
accuracy. Safely, he may adopt the same simplifying 
assumptions to which he is accustomed in the use of 
rivets. In so doing he need not use the extremely con- 
servative strength values for spots which are often con- 
sidered necessary. 

Although the joint or fastening is one of man’s earliest 
inventions, he still lacks adequate knowledge of it. The 
spot-welded lap joint which is long in the direction of 
load has already been described. It is difficult, if not 
impossible, to analyze accurately. A closely similar 
problem has been studied by the staff of the Research 
Laboratory of the Curtiss-Wright Corporation. They 
have recently conducted an analytic investigation of the 
elastic stress distribution in long lap joints of the brazed 
type. To our knowledge, this is the first general analysis 
of the problem, although Hrennikoff' has arrived at simi- 
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lar results for the shear distribution by pursuing a more 
limited one-dimensional line of reasoning. Tylecote* has 
reported the results of a two-dimensional photoelastic 
investigation of a similar probiem, which agrees remark- 
ably well with the results of our analysis. Further veri- 
fication of the analysis is obtained from the many other 
experimental projects, too numerous to mention, which 
are on record in the technical literature. 

Figure 2 shows the stress distribution along the shear 
plane of a lap joint, the results being taken from the re- 
port of the Curtiss-Wright Research Laboratory. The 
tensile stress in the plates remote from the joint is taken 
as p. At the ends of the joint, the shear stress is zero. 
It rises rapidly to the value 0.78 p and then quickly re- 
duces to a very small value in the central regions of the 
joint. The normal stress in the direction of load rises 
from the value » in the plates (away frm the joint) to 
the value 4 pattheend. It then diminishes to the value 
0.5 p in the central portion of the joint. This indicates 
that the central region is under practica'ly pure tension, 
the tensile stress being of the expected amount, 0.5 p. 
Of more spectacular interest, however, are the values of 
the tension stress perpendicular to the shear plane. This 
stress has the value 4.33 p tension at the joint end and re- 
duces to small values in the joint interior. It is some- 
what surprising to note that a joint under shear has in- 
duced in it a “‘tearing’’ stress of as large a magnitude in 
the direction normal to the load. 

The above results explain one of the methods of failure 
of spot-welded joints. The large ‘‘tearing’’ stress in- 
duced at the joint ends causes the outer spots to fail in 
tension rather than shear. Tension tests of individual 
spot welds carried out as illustrated in Figs. 3 and 4, or 
more often with V-shaped specimens, show that the 
welds are weak in tension compared with their shear 
strength. This fact further explains the tearing failure 
of the joints. The shear curve of Fig. 2 also serves to 
verify the well-known result that the outer rows of rivets 
or spot welds assume a large part of the initial loading, 
whereas the inner rows are stressed to a relatively lesser 
degree. 

Consider now the loading of a spot-welded joint car- 
ried to its ultimate strength. The elastic range pre- 
viously discussed gradually gives way to a more rapid 
plastic deformation of the joint. Although sufficient 
deformation will result in an equalizing of the load as- 
sumed by the various spots, a lack of ductility in the 


Fig. 3—A Method of Conducting Tension Tests on Spot Welds. 
Specimen Shown Is 0.025 24ST Alclad at 100-Lb. Load 
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Fig. 4--Relative Size and Construction of Spot-Weld Tension 
Test Specimen 


spots will result in failure before this readjustment can 
occur. It has already been noted that spot welds are 
weak in tension. Thus, it is possible for the outer welds 
to tear apart due to the high “‘tearing”’ stress of the elas- 
tic range long before the joint has yielded sufficiently 
to accomplish the needed redistribution of load among 
the spots. The joint failure is then due only to the 
failure of the outer spots, the inner welds still assuming 
a Share of the load which is small compared with their 
individual strengths. 

Arguments of this kind indicate at first glance that 
spot-welded joints are inefficient compared with riveted 
joints. This is, however, not at all true. The perform- 
ance of spot-welded connections is, in general, equal or 
superior to the best possible riveted joint efficiencies. 
A major reason for this is the necessity of actually re- 
moving a portion of the plate material (for assembly 
holes) in the case of riveted connections. Considering 
52S, an aluminum alloy of medium strength (ultimate 


Fig. 5—Fatigue Failure in a Spot-Welded Lap Joint of 0.040 
24ST Alclad After 1,711,500 ‘sina Cycles. Shear Load 
Variation 0 to 90 Lb. per Spot 
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Fig. 7—Shear Test of Typical Spot-Welded Panel. Shear 
Loading Is Produced by Replying Compression Across the 
Diagonals in a 400,000-Lb. Tegting Machine 


tensile strength approximately 40,000 psi.), it is consist- 
ently possible to obtain 100% joint efficiency by spot 
welding this material. This is obviously impossible 
using any form of riveting. In the higher strength 24ST 
aluminum alloy, the possible efficiencies of spot-welded 


Fig. 6—Fatigue Failure of Riveted Lap Joint in 0.040 24ST 
Alclad, Using '/,-In. A-17ST Rivets, Alter 4,199,800 Loading 
Cycles. Shear Load Variation 0 to 90 Lb. per Rivet 
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within all government military aircraft specifications, 
however, and is thus seen to compare very favorably with 
usual rivet performance. 


At this point, the role of the metallurgist in further 


improving spot weld performance is worthy of mention. 
By improving the ability of the weld nugget and sur- 
rounding material to deform sufficiently without weaken- 
ing, it has been seen that the joint action can be made 
more efficient. It is the difficult task of the metallurgist 
to prescribe a welding cycle which will yield a weld of the 
desired properties. Just how much ductility is needed 
in tension and in shear and how to express it, are prob- 
lems which are receiving much attention. Although as 
yet we cannot assign numerical limits, we do know that 
adequate ductility is available consistently. 

It is also the job of the metallurgist to improve the 
ability of the spot weld to withstand repeated load. Al- 
though it is generally known that the failure load of a 
joint decreases as the number of load cycles is increased, 
the mechanics of fatigue failure are not at present clearly 
defined. It is only by bettering the properties of the 
material composing the weld and its surroundings, how- 
ever, that the fatigue load can be improved. At present 
the fatigue strengths of spot-welded structures are often 
considered to be below those of riveted construction. 
This is a serious disadvantage to those who would like 
to extend the employment of spot welding. It forces 
them to resort to the slow, inconclusive fatigue test to 
gain approval of their designs. But it is doubtful that 
such tedious methods are needed. As the number of re- 
peated load tests and spot-welded airplanes in service in- 
crease, it becomes more and more evident that the spot 
weld compares well with the rivet, particularly so if the 
weld is ductile. Figures 5 and 6 show the similarity of 
failure in the two types of joint where the sheet is in 
tension. In this instance the welded joint withstood 
somewhat less than half the number of repetitions on the 
riveted joint when loaded to the same amount per spot 
and rivet. However, by decreasing the spacing the effi- 
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Fig. 8—Plot of Applied Shear vs. Deflection for Riveted and 
Spot-Welded Panels of Same Design 


joints are reduced to approximately 75°); this value is 
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Fig. 9—Portable Spot-Weld Testing Machine for Checking the 
Strength of Sample Welds at the Location of the Work 


ciency of the welded joint could be improved much more 
than the riveted. 

In concluding this discussion of the comparative 
strength and efficiency of spot welds and rivets, it is per- 
tinent to investigate the relative merits of complete as 
semblies, using the two methods of fabrication. In 
various tests conducted in the Materials and Structures 
Laboratory of the Curtiss-Wright Corporation, no large 
difference in the strengths of riveted and welded sheet 
stringer combinations was apparent. Figure 7 shows a 
typical shear panel under test. Figure 8 gives the static 
load-deflection curve for the riveted and spot-welded 
panels of this test for purposes of comparison. During 
these tests, however, one important advantage of spot- 
welded construction was found. While the stiffness of 
the joint has been mentioned previously as a source of a 
loss of efficiency in highly loaded joints, this same action 
seems to be instrumental in raising the buckling load of 
welded panels as against the riveted type. This is a 
particular advantage in those Aircraft constructions 
where the low buckling loads determine the design rather 
than do strength considerations. It is to be recalled that 
buckling is essentially a stability failure of a structure. 
A thin sheet under compressive loading will ‘whip’ to 
the side long before any excessively high value of stress is 
reached in the plate material. Despite the fact that the 
sheet material is nowhere near failure, the large deflec 
tions involved in the ‘“‘whipping”’ forces the designer to 
conclude that the structure has failed. To raise the 
buckling load of thin plates, stiffeners (stringers) are 
used and, as previously mentioned, the rigidity of spot- 
welded connections makes this method very desirable in 
aircraft sheet-stringer fabrication. 

Finally, the most serious objection to the use of spot 
welding in high-quality construction, as is all aircraft as- 
sembly of necessity, must be mentioned. The lack of a 
consistent, non-destructive method of testing the quality 
of spot welds is a major drawback to its immediate and 
more widespread use in primary structures. ‘The costly 
X-ray examination of all welds is at present the most 
fruitful and reliable test, although the elaborate equip- 
ment required confines its use largely to the laboratory 
It is hoped that some less costly test, such as perhaps a 
hardness or electrical conductivity test, will be developed 
and so remove this barrier to the use of spot welding. 
The impossibility of using a destructive test on anything 
other than process control specimens is immediately ap 
parent. A portable tension tester, developed for use in 
the shop at the location of the work, is illustrated in 
Fig. 9. It is believed that the process of spot welding is 
well enough understood and the methods of control 
sufficiently developed to guarantee uniformly good 
welds. From this standpoint it is no more in need of a 
non-destructive test than other welding. It is hoped 
that the present period of skepticism will end shortly. 
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In conclusion, the writer would like once more to re- 
iterate his point of view that more universal use of spot 
welding in aircraft skin constructions is possible, if car- 
ried out by informed designers, and to express the hope 
that there will be a speedy relaxation of the attitude to 
the contrary at present so frequently found throughout 
the industry and in the government-regulating agencies. 
In advancing this suggestion the author is fully aware of 
the many unknowns yet present in the use of spot welds 
and hopes that he has, in fact, brought some of them to 
light. It must be remembered, however, that an equal 
amount of uncertainty exists in the analysis of rivets as 
well as in almost every problem of engineering design. 


Welding with Aluminum Bronze 


By C. E. Swift’ 


OPPER and its most common alloys, brass and 
bronze, are old in the history of art, engineering 
and welding. More recently, probably within 
the lifetime of most of us, the world’s most bountiful 
metal has been made economically available, and with 
its availability has started an era which may well rival 
the iron age in its tremendous achievements. Aluminum, 
found in one form or another everywhere the world over, 
became readily available to industry about the turn of 
the century. Its economical production started the 
development of a series of aluminum base alloys, and 
also its use as an alloying element with other metals. It 
was not long after this that metallurgists were quick to 
seize upon the possibilities of alloys made of copper and 
aluminum which were referred to as aluminum bronzes. 
About twenty-eight years ago a series of copper- 
aluminum-iron alloys were developed to provide a series 
of metals with a wide range of tensile strength and 
hardness, all with excellent wear-resistant and corrosion- 
resistant properties, to serve industry in many differ- 
ent fields of service. These alloys as cast, range in ten- 
sile strength from 60,000 to 90,000 psi., with a range 
of ductility from 2 to 30% and a range of hardness from 
110 to 350 Brinell. Certain of these metals, after heat 
treatment, exceed 100,000 psi. tensile strength, with at 
least 10% elongation. For many years these alloys were 
available only as castings. Then, as the demand for 
these superior bronzes became greater, they were made 
available in the form of rolled or extruded rods and 
shapes, and in rolled sheets. To bring these metals com- 
pletely up-to-date, they are now available as coated 
electrodes or weldrods for use by metallic arc, carbon 
are or oxyacetylene welding. 


15 emnnted at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct. 12 to 
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The time-honored method of cutting this Gordian knot 
has been to provide adequate ductility. Here again the 
method succeeds. It is the author's contention that the 
designer's trust of rivets and mistrust of spot welds is due, 
in the first instance, to the comfortable feeling arising 
out of long-standing tradition, and in the latter to the 
absence of such tradition. 
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Table | 
Grade Al Iron Others Copper 
Type 10 9-10 0.5-1 0.3 max. Balance 
Type 12 8-9 2.5-3.25 0.4 max, Balance 
Type 16 9.3-10.3 3-3.7 0.4 max. Balance 
Type 18 10.5-11.2 3.3-4 0.4 max. Balance 
Type 20 11.4-12.2 3.54.3 0.5 max. Balance 
Type 21 12.8-13.5 3.9-4.7 0.5 max, Balance 
Type 22 13.6-14.4 1-5 0.5 max Balance 


Copper alloys as weld metals are not new. The use of 
brazing metals made of copper-zinc alloys is almost as 
old as the copper industry itself. These early copper 
zine alloys were referred to as ‘‘spelter solders,”’ and were 
used largely in granulated or powdered form sprinkled 
along a prepared lapped joint, and then heat applied to 
flow the spelter solder into the joint. 
With the introduction of the oxyacetylene torch, came 

a variation of these spelter solders in the form of welding 
rods. Almost any of the copper-zinc alloys would serve 
as brazing alloys, but several specific types of these 
metals became better known—such as Tobin and man 
ganese bronze. With the advent of arc welding, it 
became necessary to develop bronze welding rods with- 
out zine that could be used with the arc, and for this 
purpose the copper-tin bronzes, more commonly known 
as phosphor bronzes, came into common use. These are 
available in a variety of alloys with varying tin content 
often referred to as phosphor bronze “A,” “C”’ and 
“D.” Usable by are welding are the silicon bronzes, 
alloys of copper, silicon and a third element which may 
be manganese, iron, tin, zinc or nickel. Also usable by 
the metallic arc or carbon arc are the alloys of copper 
and nickel, such as cupro-nickel. 


Table 2 
Electrical 

Tensile Strength, Yield Strength, Elongation, Brinell Rockwell Conductivity, Weight 
Grade Psi. Psi. % in 2 In. Hardness Hardness % per Cu. In. 
Type 10 60,000—70,000 25,000-—32 ,000 25-30 110-130 62-72B 14.9 0,27 
Type 12 60,000—70,000 22 ,000—27 ,000 22-27 109-124 61-71B 12.8 0.2791 
Type 16 70,000—80,000 32,000-—37,000 18-22 131-156 74-83B 12.9 0.2752 
Type 18 77,000-85,000 35,000—42,000 10-14 159-183 84-90B 12.7 0.2738 
Type 20 83 ,000—90,000 37,000—43 ,000 2-6 212-248 17-24C 10.7 0. 2683 
Type 21 70,000-80,000 42,000 min. 14 285-311 30-33C 10.2 0.2580 
Type 22 75,000-85,000 45,000 min 0-2 321-352 34-38C 9.9 0.2571 
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Fig. 1—This Bucyrus-Erie 1050 Stripper Is Supported on Four 
Leveling Pistons Like That Shown in Fig. 2 


Fig. 2—On the End of This Large Piston an Area of Approxi- 
mately 16 Sq. Ft. Was Overlayed by Metallic Arc Welding with 
Type 18 Aluminum Bronze 


With all these copper-alloy or bronze welding rods and 
electrodes available, why was it necessary to develop a 
line of aluminum bronze electrodes? The aluminum 
bronzes as base metals were not widely used in fabrication 
where welding was involved, and they could be welded or 
brazed with almost any one of the other, older, well- 
known bronze weldrods. However, when comparing 
the physical properties of the established copper-alloy 
weldrods with those of aluminum bronze, it was noted 


Fig. 3—Photomicrograph of Weld Overlay of Type 12 Alumi- 
num Bronze Electrode on SAE 1045 Steel, Showing Effect of 
Incorrect Technique Resulting in Excessive Penetration 
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that it was impossible to obtain the high strength and 
hardness of the aluminum bronzes in the weld metal of 
any of the existing bronze weldrods. Therefore, as the 
use of aluminum bronze became much more widely 
spread, the demand for electrodes and weldrods of this 
type of metal encouraged the development of coated 
aluminum bronze electrodes. 

Aluminum bronzes in general have been considered 
rather difficult to weld. The refractory oxide which so 
quickly forms on aluminum bronze, when it is melted by 
either an oxyacetylene flame or electric arc, has, in 
general, prevented its widespread use as a welding rod. 
This has also limited wide applications of welding on 
aluminum-bronze castings, rolled sheets or extruded 
shapes. However, the desirable properties of aluminum 
bronze, especially its high strength and hot ductility, 
make it particularly suitable for a weldrod alloy. 
Table 1 shows the nominal analysis and Table 2 the 
physical properties of representative alloys of aluminum 
bronze that are available as coated electrodes. The 
tensile strength, yield strength and hardness are out- 
standing among the copper alloys. This, combined with 
good bearing and wearing properties, and excellent cor- 
rosion resistance, make them excellent weld metals. 
From the application standpoint, the fact that aluminum 
bronzes possess excellent hot ductility, that is, for all 
practical purposes they are not hot-short, makes it pos- 
sible to obtain welds that are not likely to crack even 
under the most unfavorable conditions. 


There are many applications for coated aluminum 
bronze welding rods, a few of which may be of interest. 
Because of the excellent bearing properties of aluminum 
bronzes, they are often used for welding overlays on 
steel or cast iron to provide a good bearing that is posi- 
tively attached to the part with.the use of a minimum 
volume of metal. Outstanding applications of this type 
are on Army and Navy Ordnance parts, and on heavy 
machinery such as shown in Figs. 1 and 2. 

The harder grades of aluminum bronze are often used 
for welding overlays on dies of steel, aluminum bronze or 
cast iron, either to repair damaged surfaces or on new 
dies to fill in corners and other areas of the die where 
extreme wear is apt to occur. The good bearing proper- 
ties and high hardness of this bronze then provide a 
smooth, non-galling surface on which stainless and com- 
mon steel can be drawn without danger of scratching. 


Fig. 4—Photomicr 
num Bronze Electrode on SAE 1045 Steel, Showing an Unbroken 
Fusion Line Obtained Through Use of Correct Technique 


aph of Weld Overlay of Type 12 Alumi- 
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Certain of the modified copper-zine alloys, such as 
manganese bronze, approach in strength and hardness 
the properties of the aluminum bronzes. However, when 
arc welding on these metals is desired, an electrode 
must be selected that has no zinc in the core wire. Any 
appreciable percentage of zine in an arc-welding electrode 
would vaporize as it passes through the arc, causing 
considerable spatter, and will result in a porous weld metal 
deposit. However, no zine-free bronze weldrod except 
aluminum bronze will produce weld metal with a strength 
equal to that of the high-strength, copper-zine cast and 
wrought metals. Therefore, one of the most rapidly 
growing uses for coated aluminum bronze electrodes is 
in the are welding of the copper-zinc alloys in general, 
and the manganese bronzes in particular. It is possible 
with aluminum bronze electrodes to metallic arc weld 
these alloys without preheating and to obtain a weld 
metal deposit substantially sound and fully equal in 
strength to most of the manganese bronzes in common 
use. Better welding conditions are obtained, however, 
if 300° to 500° F. preheat can be provided. 

Coated aluminum bronze electrodes may be used for 
are welding malleable iron, clean cast iron or steel, and, 
of course, are admirably suited to arc welding dissimilar 
metals such as cast iron to brass, or steel to malleable 
iron, or the combination of any two metals which are 
weldable with aluminum bronze. This makes it possible 
to attach cast iron fittings to steel shells by arc welding, 
and this may be of interest at this particular time when 
it is so difficult to obtain steel castings for similar appli- 
cations. When referring to arc welding cast iron with 
aluminum bronze, however, a word of caution is in 
order—this is not the answer to the welder’s prayer for 
an electrode that will arc weld any and ail dirty cast iron. 

A few words about welding technique may be in order. 
Like all copper alloy electrodes for metallic arc welding, 
coated aluminum bronze electrodes are best used with 
direct current and reversed polarity, that is, electrode 
positive. Alternating current (A.C.) can be used, if a 
high voltage, high frequency pilot arc is added to the 
welding current. A medium arc length, 30 to 35 volts, 
and normal current range for any given size are generally 
used. However, the arc may be used longer or shorter 
than given, and the current may range well above or be- 
low that normally used on steel electrodes of the same 
size, depending on the job on which the rod is being used. 
For overlaying steel or cast iron, relatively low currents 
are used with a short are combined with a rapid longitu- 
dinal and transverse weave which distributes the heat and 
prevents any deep penetration. In fact, no penetration 
under these circumstances is desired, as a simple brazing 
action is all that is necessary. The electrode is always 
directed back so that the arc plays on the deposited 
aluminum bronze and the heat of the arc is passed 
through this metal to the base metal, bringing the base 
metal up to a suitable temperature for brazing or surface 
alloying with the weld metal. Penetration is prevented 
by the use of low welding currents or wide and rapid 
weaving motions, and the use of the largest size electrode 
consistent with the thickness of the base metal. 

The ordinary precautions regarding cleanliness of the 
work are in order when using aluminum-bronze elec- 
trodes. It is particularly important, as in all bronze 
welding, that no moisture be present on the work or on 
the electrodes at the time the welds are made. 

When metallic arc welding on copper-zinc alloys, pre- 
heating of the base metal to 300 to 500 degrees Fahren- 
heit is desirable, though not absolutely necessary. This 
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Fig. 5—Photomicrograph of Fusion Line of Type 10 Aluminum 
Bronze Electrode on Standard 65,000 Psi. Tensile Strength 
Manganese Bronze, Showing Results of Proper Technique. 
Light, Fine-Grained Area Is Aluminum Bronze Weld Metal, 
Darker Area Being Manganese Bronze Base Metal 


amount of preheat will enable the welder to use 20 to 
30% less welding current on any given size of electrode 
and still obtain a satisfactory weld. The use of the 
lower welding current reduces spatter and the danger 
of undercutting, making it possible to obtain fusion 
without deep penetration. Underautting of the manga- 
nese bronze or brass may occur, if care is not taken, as the 
base metal has a melting point between 200 and 300 
degrees lower than the weld metal. Undercutting is 
easily avoided, however, if a long arc is used when the 
electrode approaches the side of a ““V”’ in a deep-groove 
weld, or approaches the edge of a bead when making an 
overlay on brass or manganese bronze. 

Coated aluminum bronze electrodes or weldrod may be 
used as filler rods for carbon are welding. The usual 
carbon arc-welding practice on copper alloys is followed; 
that is, the arc is always maintained on the weld metal. 
When using coated filler rod, however, it has been found 
desirable to use backhand welding; that is, the weld 
metal is fed in from the back side of the molten pool, so 
that the flux from the rod flows back on the deposited 
metal and does not run ahead to obscure the advancing 
weld from the operator’s vision. Practically the same 
technique is used for gas welding with these coated 
aluminum-bronze weldrods. 

We have, in the aluminum-bronze electrodes and 
weldrods, a valuable addition to the evergrowing line of 
arc-welding rods. Because of their unusual physical 
properties, they open up to the welding engineer many 
new applications of welding. Their hot ductility makes 
possible their use in many instances where other bronze 
electrodes or weldrods may have failed because of welds 
cracking as stress is accumulated during the cooling of 
the weld metal. They will be useful to the designer of 
new machinery, and to the maintenance engineer in the 
repair of worn or broken equipment. It is significant 
under present conditions that aluminum bronze is made 
of metals which, though they are in great demand in all 
war industry, are all available in the continental United 
States. 
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Welded-Steel Tubing and Its Applica- 


tions in War Production 


By H. S. Card! 


NE very important reason for the interest which 
() has been shown in welded-steel tubing during 

recent months is the fact that various phases of 
war production have imposed a very heavy load on the 
mills producing tubing more commonly referred to as 
seamless, and many firms who have habitually used the 
latter material have been requested to use welded tube. 
It is a comparatively short time since the methods of 
welding tube were well enough perfected so that tube 
made by this process could be considered acceptable for 
any and all applications, and during this recent period 
practically all of the output of the tube welding mills in 
this country has been absorbed by a very small group of 
industries. The result is that the knowledge of what 
welded-steel tube is and how it can be used has reached 
only a very small number of engineers. 

The material commonly referred to as cold-drawn 
seamless tubing is made by piercing round bars longitudi- 
nally, rolling them to certain sizes and then drawing to 
other desired sizes on draw benches, the cold-drawing 
operation being necessary to the production of a large 
number of sizes, particularly those sizes having compara- 
tively light walls. 

The necessity for a large number of drawing operations 
to produce the light-walled tubing resulted in such a high 
initial cost that many designing engineers were reluctant 
to make use of it, and on this account the structural use 
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Fig. 1—(Left) Method of Gradually Forming Flat Steel Stri 
Into Tubular Shape Without Undue Strain on the Material. 
(Right) Electric Resistance Welding Method 

Application of rolls on both sides and beneath the electrodes 
forces the heated tube edges together to form a weld. 


Fig. 2—A Battery of Electric Welding Tube Mills, with Reserve 
Coils of Flat Strip in Readiness 


of the round-tube section has been slow to develop. 
Modern tube-welding equipment now makes it possible 
to produce such tube with a high degree of uniformity, 
and at a cost which compares favorably with structural 
shapes, when the cost is figured by the foot. An im- 
portant factor in this reduced cost is the fact that the 
manufacture of welded tubing which is to have a specified 
wall thickness starts with a coil of strip which has been 
rolled to that particular thickness. 

A description of the method of manufacture of welded- 
steel tubing will serve to clarify this point. In the tube- 
forming process flat stock is fed continuously from coils 
through forming rolls, which gradually shape it to the 
form of a circle; then the butted edges are welded to- 
gether to make a continuous wall. There are several dif- 
ferent welding processes employed to weld the edges of 
the strip together. 

When tubing is to be supplied requiring close limits on 
hardness and gage, cold-rolled steel must be used on 
account of the methods of manufacture followed by the 
steel makers; i.e., hot-rolled steel cannot be controlled as 
to temper and gage due to the variations in the heat of 
the billet, the cooling action of the rolls and the variable 
annealing effect in the hot coils as the steel comes from 
the mill. On cold-rolled steel, very close limits on hard- 
ness and gage can be obtained. 

In general, it can be said that tubing made from cold- 
rolled steel is used where close tolerance in gage is re- 
quired, where a quality finish is necessary for polishing, 
plating or lacquering, and where close control of temper 
or hardness is needed. 

Tubing made from hot-rolled steel strip is different from 
that made from cold rolled, in that limits on thickness 
have wider permissible variation. Due to this variation 
in thickness, it is not economically practical to hold the 
tube to close I.D. tolerances, because in manufacturing 
tubing all the forming and sizing is accomplished from the 
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outside of the tube. On the other hand, the O.D. toler- 
ances can be held to the same limits as tubing made from 
cold-r steel. 

The surface on hot-rolled steel is not of as high quality 
as the cold-rolled, but it is free from scale and in many 
cases where a lacquer or paint finish is required, the hot- 
rolled steel is to be preferred because paint adheres more 
satisfactorily. 

The limits on hardness or temper cannot be held very 
closely, but when this factor need not be considered, tube 
made from hot-rolled steel is desirable in many cases. 

There are various routine tests performed to make cer- 
tain that welded tubing has the required physical proper- 
ties. These tests include expanding, flattening, crushing 
endwise and flanging. Such tests are made each time 
that a machine is started, and at stated intervals during 
operation. 

Investigations of the strength of the weld in welded- 
steel tubing were made as early as 1920. In 1929 the 
United States Bureau of Standards made an extensive 
series of tests on carbon-steel tubing manufactured by 
the electric resistance-welding process, and concluded* 
that the weld is as strong as the wall and has the same 
qualities as the steel from which it is made as far as 
strength and other physical characteristics are concerned. 


. Bureau of Standards Research Paper 161. 


In recent years there have been notable improvements 
made in tube mill equipment and in control procedures, 
resulting in a very uniform quality of product. A large 
proportion of tubing used in industry today is in the form 
of fabricated parts, in which the welded tubing is sub 
jected to severe cold-forming operations such as expand 
ing, beading, bending, flanging and drawing. The ability 
of the weld area to withstand these operations is evidence 
that the physical properties of the base metal are pre- 
served and continuous throughout the tube wall. 

It is obvious from the method of manufacture that 
there are limitations on the tube sizes which can be pro 
duced by welding; for example, it is impracticable to 
weld tube with a small diameter and a very thick wall or 
with a large diameter and a very thin wall. However, 
there are a great many sizes outside the welding range 
which can be produced by cold drawing welded tube of a 
larger size. Special sizes are not so readily obtainable 
under war conditions because the draw bench capacity 
of the industry is already working at capacity. 

Engineers who seek to use welded tube where they have 
customarily used pierced tube should observe this factor 
of the size ranges. Preferably they should confer with 


the welded-tube mills before completing their specifica- 
tions, and thus avoid sending out inquiries based upon 
specifications which cannot be filled. 


Fig. 3—The Variety of Tube Forming Possibilities and the Ability of Welded Steel Tube to ‘Take It,’ Is 
Illustrated in This Assortment of Fabricated Parts and Routine Test Samples 
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Fig. 4—Welded Steel Tube Makes a Light and Rigid Frame for This Metal Litter Used by the Navy 


Another important development, which has escaped 
the attention of many engineers, is that in recent years 
specifications covering the use of welded-steel tubing have 
been drawn up by the leading regulatory bodies. The 
American Society for Testing Materials has issued speci- 
fications for carbon- and alloy- steel-welded tubes for 
service in boilers, heat exchangers, condensers and super- 
heaters. Welded tubing made to these specifications is 
acceptable under the codes covering the construction of 
boilers, unfired pressure vessels and petroleum refinery 
equipment. The U.S. Navy has specifications covering 
electrically welded tubes for boilers. The U.S. Maritime 
Commission issued a memorandum in November 1941 to 
the effect that the Commission will accept for all boiler 
tubes either seamless steel tubing or electric resistance- 
welded tubing, in accordance with the requirements of 
the regulatory bodies. 

The U. S. Army has one specification covering tubing 
for mechanical or structural uses, this specification includ- 
ing welded carbon and alloy steel tube. The U.S. Navy 
has several specifications for welded tubing for different 
applications including corrosion-resisting materials. Dur- 
ing the past year both the Army and Navy developed 
specifications for welded tubing for aircraft purposes. 


Fig. 5—Parts for Airplane Engine Coolant System. The 
Material Is Stainless Steel Tube, Atomic Hydrogen Arc Welded 
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The materials include S.A.E. 1025 carbon steel, S.A.E. 
X4130 steel and 18-8 chrome-nickel steel. More re- 
cently joint Army and Navy specifications for aircraft 
tubing have beenissued. Also the Society of Automotive 
Engineers has developed a set of Aeronautical Material 
Specifications which include various types of welded steel 
tube for aircraft use and which are accepted by both 
Army and Navy aeronautical authorities. 

In short, there are specifications covering practically 
all war production requirements where welded steel tub- 
ing would find suitable application. 


Fig. 6—Mobile Inspection and Repair Platform for Airports 


The number and variety of applications which are 
being found for welded steel tubing in war production 
are very impressive, in spite of some of the limitations 
which have been suggested in preceding paragraphs. A 
brief review of some of the most important uses will serve 
to show in what industries it can be used to advantage. 
In all cases where tubular parts are made for products 
which are purchased by the armed services the tubing is 
subject to current specifications, but in the discussion 
which follows specific reference to the specifications will 
be omitted in the interest of brevity. 

Round tubing is used extensively in furniture, particu- 
larly hospital furniture, cots andJberths. There are 
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Fig. 7—Tripod Support for Raising Nose or Tail of Airplane. 
Comparatively Light, It Will Support More Than 3000 Lb. 


also several types of litters which have their structural 
parts made of tubing. Mechanized military equipment 
makes use of welded-steel tubing for many of the parts 
which it was standard practice to make of welded tubing 
in automobile construction. Many examples of this are: 
steering columns, shock absorber parts, propeller shafts, 
seat frames, windshield frames, exhaust and tail pipes, 
gas and oil lines. 

In these applications which are characteristic of auto- 
motive requirements there is obviously a wide range of 
service load. Probably the most severe automotive re- 
quirement which carries over into the manufacture of 
trucks, jeeps, etc., is that of the propeller shaft tubing. 
This part is subject to high torsion and vibration to 
shock loads occasioned by quick starts and stops and 
rapid travel over rough ground. Records of the auto- 
motive industry during the past few years show that mil- 
lions of propeller shafts made of welded-steel tube have 
been used by all of the major automobile companies with 
a record of considerably less than one failure per million. 


SHELL BURSTER 
TUBING 


TIE-ROD TUBING 
FOR AMMUNITION 
CARRIERS 


Fig. 9—A Few of the Many Applications of Welded Steel Tube in the Ordnance Production Program 
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In fact it has not been possible to find definite record of 
any failure in the longitudinal weld area of a propeller 
shaft during the two years immediately preceding June 
1942. This outstanding record of weld integrity can be 
ascribed largely to the perfection of tube-welding ma- 
chinery and procedures during the past five years, but 
some credit certainly is due to the development of tests 
such as hydrostatic and torsion tests which are used as a 
matter of routine in the tube mills to check the quality 
of steel tube furnished for this application. 

The use of welded-steel tube for aircraft structures 
dates back to the period of aircraft expansion which fol- 
lowed the first World War, when welded streamlined 
carbon-steel tubing was successfully used by a number of 
manufacturers of commercial planes. Military planes, 
however, favored the use of chrome-molybdenum steel 
tubing on account of its higher physicals. The peace- 
time demand for this tubing was not large enough to 
justify the expense of development work occasioned by 
the difficult welding characteristics of this alloy. There- 
fore, all the chrome-molybdenum tubing used for air- 
craft purposes previous to the inauguration of the de- 
fense construction program was of the seamless type. 
As soon as it became obvious that the aircraft industry 
was on the verge of a very large expansion program, 
welded tube manufacturers gave this subject intensive 
study, with the result that during the past year welded 
X4130 steel tubing has been approved for use in air- 
craft construction for both the Army and Navy, although 
this approval is subject to a specification which makes 


Fig. 8—Several Hundreds of Electric Welded Steel Tubes 
Go Into the Fabrication of This Heat Exchanger. Electric 
Welded Tubes for Boilers Are Also Approved 
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Fig. 10—A Logical Use for the Round Tube Section Is in 
Tripod Machine Gun Mounts. (Photo by U. S. Army Signal 


Corps) 


mandatory a non-destructive test of the weld area of each 
length of tube. 

Aircraft parts where welded tubing may be used in- 
clude fuselage, engine mounts, landing gear, seat frames 
and mounts for motors, pumps and other equipment. 
Welded stainless-steel tubing finds application in the con- 
struction of exhaust systems and cooling systems. 
Around airports tubular construction is widely used for 
numerous accessories. Here advantage is taken of the 
fact that structures fabricated from round tube sections 
have the maximum strength and rigidity with the least 
weight. 

Advantage is also taken of the high strength-weight 
ratio by the Ordnance Department in its designs of equip- 
ment such as machine gun mounts. A much larger vol- 
ume of tubing is, of course, utilized for various ammuni- 
tion parts such as booster and burster tubes, burster 
wells and incendiary and smoke bombs. 

Reference has been made to existing specifications for 
the use of welded-steel tube in the construction of heat 
exchangers and condensers, thousands of which are re- 
quired in the present program of building plants for syn- 
thetic rubber production. The fact is that there is such 
a large requirement for this type of tubing that the 
ability of welded tube mills to produce it is a vital factor 
in the success of the program. 

Welded boiler tubes, made to specifications that have 
been drawn up to cover this application, are essential in 
the wartime shipbuilding of the Navy and of the Mari- 
time Commission. The same is true of tubing made for 
low-pressure flow lines and for the service generally 
referred to as pressure piping. 

There is almost no limit to the variety of miscellaneous 
applications of welded-steel tubing in the war production 


program. Stirrup pumps are made with welded-stee| 
tube cylinders replacing the brass which was used in pre- 
war days. Some of the Army kitchen utensils have 
handles made of welded tube. Field equipment applica. 
tions include such items as aiming-posts and tent-pole 
ferrules. 

Structural uses of the round tube section were {or 
many years limited because of the difficulty in making 
satisfactory joints. The fusion-welding processes offer a 
complete solution to this difficulty and enable the de. 
signer to develop the full strength of each member. Very 
recently there have been published studies of truss de- 
signs for spans from 30 to 120 ft. in length, pointing to 
weight savings up to about 45% by the use of tubular 
members. There is some question as to the practicability 


Fig. 12—-In This Stirrup Pump Designed Jointly by the Office 
of Civilian Defense and the War Production Board, Welded 
Stee] Tubing Replaces Brass 
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Fig. 11—Tubular Boat Crane Booms for Our Fighting Ships 
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of utilizing such designs under war conditions because 
the existing capacity for the production of tubing of the 
required sizes is so heavily loaded for other requirements. 
Nevertheless the advantages of welded tube for this ap- 
plic ition should not be overlooked and they deserve still 


further study. In some structural members there is a 
distinct advantage in being able to distribute the material 
away from the center of gravity. In other words, a tube 
with a relatively thin wall will have better structural 
properties than a piece of standard pipe having the same 
weight per foot but having a smaller outside diameter and 
larger wall thickness. Therefore, there are undoubtedly 
a great many structural possibilities for welded tubing 
which would not be so advantageous if carried out with 
standard pipe having the same cross-section area, or 
weight per foot. 

Tubular construction shows to very good advantage 
in structures which have to be moved, such as crane 
booms. Another example is motor vehicle frames. The 
utility in this application has been well demonstrated in 
the construction of motor bus frames. Articles such as 
stands, benches and tables carry maximum loads with 
least weight when made of tubular construction, require 
fewer men to handle them in the field and impose smaller 
loads on prime movers. 

There is much opportunity to use square and rectangu- 
lar tubing in design. Here there is a distinct advantage 
in the simplicity of joining, and very little loss of struc- 
tural quality. The only disadvantage is that it requires 
a considerable quantity to justify the expense of forming 
from round to square or of installing the special equip- 
ment which reduces this forming operation to a minimum. 
Another special shape which will bear further investiga- 
tion is the tapered tube. There are some types of struc- 
tures where it is very advantageous to use tapered mem- 


How Houston Shipbuilding Corpora- 
tion Works Arc-Welding Equip- 
ment to the Limit 


By G. W. Curry* 


LITTLE more than a year ago, deep in the heart 
of Texas, stood a swamp. Today the swamp is 
gone. In its place stands one of the busiest ship- 

yards in the United States, operated by the Houston 
Shipbuilding Corp., Irish Bend Island, Tex. Like 
many others erected during the past year, this yard has 
been placed in operation to build Liberty Ships for the 
U.S. Maritime Commission. 

According to recent production reports this yard 
stands well up among those meeting the all-time-high 
Maritime Commission production schedules. 

A complete history of this amazing transition from 
Swamp to ships would make another inspiring story of 
ingenuity, imagination and perspiration. It would pay 
tribute to the vision responsible for having all operations 
laid out on a straight-line production basis from steel 
plate to finished hull. It would recognize the perspira- 
tion of thousands of men who quickly erected the yard 
lacilities—and of the other thousands who now keep the 


* Industrial Dept., General Electric Co., Houston, Tex. 
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bers. These can be produced at a satisfactory cost when 
volume is very high, but this also requires special equip- 
ment. 

In conclusion, the tubing user should understand that 
welded tube is tube with an absolutely solid wall. Also, 
that the welded tube is inherently concentric because it 
is formed from stock of uniform thickness. It should 
also be noted that welded tube has its limitations as to 
size. It is true that intermediate sizes and odd sizes can 
be produced from standard sizes of welded tube by cold 
drawing but the user must determine whether his needs 
are such as to justify the additional cost and time in- 
volved in obtaining sizes that are not standard. The lists 
of standard sizes of both seamless tube and welded tube 
have been reduced for the duration, in the interest of 
simplification, and of increasing the productive capacity 
of the tube mills by eliminating as far as possible the 
shut-down time that is involved in tooling the mills for 
different sizes. 

This changeover time is so important under war condi- 
tions that mills cannot be expected to make the change- 
overs for lots that are so small as to require only a few 
hours’ running time. Both cost and delivery time may 
be saved by being as liberal as possible in establishing a 
range of dimensions and by consulting the tube manufac- 
turers before writing final specifications for tubing into a 
request for bid. 

The field of application for welded-steel tubing is rap- 
idly expanding but there is still a considerable amount of 
investigation of unexplored possibilities that it would be 
profitable to make. It is a fruitful field for research, 
which may cover either some of the welding problems in- 
volved in the manufacture of steel tube, or some of the 
design and fabrication problems in*olved ix the produc- 
tion of welded tubular structures. 


yard operating three shifts a day, seven days a week, to 
launch a Liberty Ship every Sunday. 

Also important in the record would be a tribute to the 
ingenuity with which the capacity of the yard has been 
doubled and redoubled to meet greatly increased produc- 
tion schedules, even in the face of serious power and 
equipment shortages. In fact, ways in which arc-weld- 
ing equipment has been made to do double duty or better 
may suggest ways in which other fabricators can get 
more production out of available welding machines. 

Briefly, the practices followed by the Houston Ship 
building Corp. to get maximum utility from their weld- 
ing equipment with the minimum expenditure of time 
and power may be summarized as follows: 

1. All welding equipment is portable or semi-port- 
able, thus permitting a rapid movement of equipment 
as the location of the welding load progresses. 

2. Many 200-amp. d.-c. single-operator arc welders 
are mounted in pairs and arranged for quickly changing 
from individual to parallel operation or vice versa. 
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Fig. 1—Arc-Welding Electrodes Are Kept in Perfect Condition, Pending Fig. 2—Many of the 400-Amp. D.-C. Single-Operator 
Use, in This Electrically Heated Storehouse Which Keeps the Temperature Arc Welders Are Arranged for Quick Conversion to 


a Degree or Two Above the Ambient to Prevent Moisture Condensation 


These sets are used singly for tacking and in parallel for 
heavy, high-duty factor welding. 

3. Many d.-c. single-operator arc welders of the 400- 
amp. size are arranged so that they may be used as 
multiple-operator equipments, furnishing current for 
tacking to as many as six operators. 

4. Constant-potential, multiple-operator arc-welding 
equipment is applied to low duty-factor work in so far as 
possible, thus serving the maximum number of operators 
with minimum power drain. 

5. To minimize both kw. and kva. demand, current 
for Unionmelt welding is supplied by transformers hav- 
ing built-in power-factor correction. For the same rea- 
son, all the constant-potential multiple-operator arc 
welders are driven by 0.8 power-factor synchronous 
motors. 

To speed construction, hulls are prefabricated in sub- 
assemblies on the layout slabs where the large majority 
of welding can be done in the flat or horizontal positions. 
Due to limited steel mill capacity for rolling sheared 
ship plate, strip-mill steel has had to be substituted ex- 
tensively. Although less expensive, it is also of nar- 
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Fig. 3—Semi-Portable Multiple-Operator Arc Welders of the 1500- 


Multiple-Operator Duty When Required for Tacking 
Service 


rower width; hence, it requires more welded seams per 
ship. However, due to the high efficiency and power 
factor of the transformers used in Unionmelt winding, 
over-all costs are no greater than if wider plates were 
available. Power requirements are further alleviated 
by the use of a.-c. arc welders, 300-amp. size, with built-in 
power-factor correction for other heavy manual welding. 

As each subassembly takes shape, it progresses along 
the layout slab where all available welding equipment is 
put to work tacking and welding as rapidly as possible. 
Since practically all welding equipment is portable and 
suitable for both tacking and welding, maximum utili- 
zation is realized at all times. 

Subassemblies thus take shape rapidly until they are 
completed or reach a weight of as much as 50 tons, 
whence they are lifted on to the shipways and welded 
in place. It is on the shipways that the welding duty 
factor tends to be lowest, hence multiple-operator equip- 
ment is employed for this work in so far as is possible. 

Due to the urgent need for shipway capacity, ‘Lib 
erty Ships’ are launched as fast as hulls are completed 
practically all outfitting being done in the outfitting basin 


Fig. 4—The Heavy Current for Unionmelt Welding Is 


Amp. Size Are Used Principally Where They Can Serve Many Operators Furnished by G-E A.-C. Arc Welders of the 500-Amp. 


Working at Relatively Low Duty Factor 
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Size Having Built-in Power-Factor Correction and 

Operated in Parallel. A.-C. Arc Welders of the 300- 

Amp. Size Are Used for Tacking and for the Backing-up 
Bead on Unionmelt Work 
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Welding Tanks 


By W. A. Sheltont 


SUCCESSFUL technique of automatic and hand 
welding was employed in the fabrication of 12 
tanks for 34,500 volt, 1200 amp., 1,500,000 kva. 

electrically operated outdoor oil circuit breakers at the 
huge plant of the Los Angeles Bureau of Power and 
Light. 

First, regulation tests were made so that the steel 
plates for the tanks would meet A.S.T.M. specification 
A-7-39, which requires a tensile strength of from 60,000 
to 72,000 psi. with a yield point of 0.5 of the tensile 
strength and in no case less than 33,000 psi. 

Next, the steel plates were cut and beveled by acety- 
lene torch and shaped for the shell of the tank. The 
longitudinal seam was automatically welded on the out- 
side with a one-pass weld. Then the inside of the seam 
was chipped to clean the base of the weld so that it could 
be inspected. Finally, the seam was closed with manual 
are welding with */;.-in. mild steel rod. 

The bottom was shaped with the gas torch and tacked 
on to the shell. If the fit passed inspection, the bottom 
was welded automatically on to the outside of the girth 
seam. The seam was chipped to clean metal on the in- 
side and, after visual examination, manual welded to- 
gether. All manual welds of the job were multiple pass 
welds. 

Welding was checked closely by test bars, radiographs 
and visual examination. Test bars on the longitudinal 
seams were continuations of the regular welds while 


* This welding application was a prize winning entry in Hobart’s Arc 
Welding News Contest. 
t Engineer, Los Angeles Bureau of Power and Light. 


Tests 
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Photo courtesy Hobart Brothers Company, Troy, Ohio 


those of the girth welds were made separately. Given 
below are the results of the tensile and free bend tests: 

These tests were all satisfactory and well within the 
limits specified by the A.S.T.M. code. 

Radiographs were taken on selected sample tanks. 
If the weld showed faults, it was chipped out, rewelded 
and again radiographed. Then the tank was thoroughly 
stress relieved by being kept at 1200° F. for one hour per 
inch of thickness of plate after which gradual cooling 
occurred over a period of 6'/: hr. All tanks were sub- 
jected to a hydrostatic test of 150 Ib. for 5 min. and the 
application of hand hammer blows to test the strength 
of the tank and show up any bad welding. Finally, 
each tank was sand blasted and painted. 

Welded fabrication for these tanks was quicker, more 
economical and lighter in weight than cast-iron tanks. 
Welding work was done by the Southwest Welding 
Company of Alhambra. 


Free Bend Tests 


Auto Nick 
Tank Seam Section Ult. % Elong. Fracture Hand mati Bend 
4 Girth Reduced 53,340 69,370 24.5 (2 in.) Weld 33 33 OK 
6 Longitudinal Full 39,030 61,850 19.4 (8 in.) Plate 50 39 OK 
18 Longitudinal Full 40,730 64,220 18.1 (8 in.) Plate 67 39 OK 
25 Longitudinal Reduced 52,870 69,230 24.5 (2 in.) Weld 44 24 OK 
16.9 (8 in.) Plate 59 36 OK 


36 Longitudinal Full 38,620 62,700 


WELDING HANDBOOK 


World’s most authoritative book on all phases of welding 


1600 pages prepared by 270 leading welding experts 
Price $6.00 in the U.S. A., $6.50 elsewhere 


Price to members for extra copies $5.00 


WELDING SOCIETY 
33 WEST 39th STREET, NEW YORK,N. Y. 
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WHY PAY MORE? 


A WELDING TIMER THAT CONTROLS CURRENT 


FOR THE MOST DIFFICULT 


SEAM WELDING OPERATIONS 


SPEED, 


FULLY SYNCHRONOUS — VARIABLE 
DIAL SET FOR WELD TIME CHANGE, and 


MOST IMPORTANT—IT PROVIDES HEAT CONTROL 
SET. 


IN 45 GRADUAL STAGES,—ALSO BY DIAL 


If You Want Low Heat 
for Stainless, or High 
Heat for Commercial 
Steel, You Get It In- 
stantly, by Turning a 
Graduated Dial Knob. 
If You Want Longer 
Weld Time, but Less Off 
Time, another Dial will 
Provide This, in '/: Cycle 
Steps. 

It is Simple, Rugged, 
and Really Accurate. 
Type 1871 SEEM- 
WELDO, as Illustrated, 
Lists Complete at $380.00 


_ NATIONAL TIME & SIGNAL CORPORATION 


600 E.MILWAUKEE AVENUE 


1942 ADVERTISING 


Welders, Training. NYA Trains Welders, J. E. Ryckman. 
Amer. Machinist, vol. 86, no. 17 (Aug. 20, 1942), p. 875. 


Welders, Training. Welders Are Trained—Not Born, R. C 
Wiley. Pac. Mar. Rev., vol. 39, no. 8 (Aug. 1942), pp. 58-60. 


Welding. Application of Welding to Repair Work, C. W. Brett 
Post Office Elec. Engrs. J., vol. 35, pt. 2 (July 1942), pp. 50-52. 

Welding. Fusion Welding. Elec. Rev., vol. 131, nos. 3373, 
3374 and 3375 (July 17, 1942), pp. 69-72; (July 24), pp. 109-112; 
(July 31), pp. 137-140. 

Welding. Maintenance Problems Solved by Welding. Eng. & 
Contract Rec., vol. 55, no. 38 (Sept. 23, 1942), pp. 54—57 


Welding. Preparation for Welding. Oxy-Acetylene Tips, vol. 
21, no. 6 (Oct. 1942), pp. 153-156. 

Welding Shops. Good Housekeeping in Welding Shop. Oxy- 
Acetylene Tips, vol. 21, no. 6 (Oct. 1942), pp. 157-159. 


Welding. Technical Advances in Welding, A.R. Moon. Struc- 
tural Engr., vol. 20, no. 9 (Sept. 1942), pp. 174-178 (discussion), 
178-185. 

Welding. Thermit Welding for Marine Repairs. Naut. Gaz., 
vol. 132, no. 8 (Aug. 1942), pp. 22-23 and 30 

Welds, Defects. ‘‘Fish-Eyes”’ in Steel Welds Caused by Hydro- 
gen, C. A. Zapffe. Metal Progress, vol. 42, no. 2 (Aug. 1942), pp. 
201-206. 

Welds, Galvanizing. Regalvanizing Welded Seams. Iron & 
Coal Trades Rev., vol. 145, no. 3885 (Aug. 14, 1942), p. 625. 

Welds, Testing. Anomalous Hardness of Welds in Low Alloy 
Steels, J. H. G. Monypenny. Metal Progress, vol. 42, no. 2 
(Aug. 1942), pp. 237-238. 

Welds, Testing. Discussion of Testing of Welds, H. N. Pember- 
ton. North East Coast Instn. Engrs. & Shipbldrs.—Trans., vol. 58, 
pt. 8 (July 1942), pp. D103-D124. 


Welds, Testing. Gamma-Ray Testing of Welds, C. B. Clason. 
Weld. Engr., vol. 27, no. 9 (Sept. 1942), pp. 35-39 


Welds, Testing. Non-destructive Testing of Welds, H. N. Pem- 
berton. Machinery (London), vol. 61, no. 1556 (Aug. 6, 1942), 
pp. 158-159. 


NATIONAL EEMWELDO 


SEEMWELDO operates in conjunction with Your 
Ignitron Tube Contactor, and connects Directly 
into the Tube Firing Circuit. It is Motor Driven, 
start and stop, and employs NATIONAL patented 
‘Drop-to-make’ followed by ‘Drop-to-break’, Pre- 
cision Cam Control. It is Power Factor Corrected, 
and the Firing Point on the Sine Curve is Selected 
in relation to the amount of Current, or Heat 
Desired for the Welding Operation. 


DETROIT. MICHIGAN 
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AMERICAN WELDING SOCIETY 


ACTIVITIES 


RELATED EVENTS 


ARNOTT APPOINTED ACTING PRESI- 
DENT AMERICAN WELDING SOCIETY 


In order to permit recuperation of his 
health, Mr. K. L. Hansen, newly elected 
President of the AMERICAN WELDING 
Society, has found it necessary upon 
“Doctor's orders’’ to seek relief from the 
duties and obligation of the presidency. 
He has accordingly requested Mr. David 
Arnott (effective November 18th) to 
assume all the duties and obligations of 
the presidency, under the title of “Acting 
President”’ until April 1, 1943. 


OUR SECOND VICE-PRESIDENT, 
ISAAC HARTER 


Mr. Isaac Harter, now vice-president 
of the Babcock & Wilcox Company, Bar- 
berton, Ohio, was born at Mansfield, Ohio, 
in 1880. He graduated in 1901 from the 
University of Pennsylvania with the de- 
gree of B.S. He began work that year in 
the Boiler Department of Aultman & 
Taylor Company at Mansfield. In 1905 
the Stirling Company at Barberton, Ohio, 
bought the business at Mansfield and in 


Isaac Harter 


1906 it was in turn acquired by The Bab- 
cock & Wilcox Company, by whom he has 
been employed since that time in various 
capacities in manufacturing, plant con- 
struction and technical and business de- 
velopment. 

His interest in welding began with ex- 
periments in 1907 in repairing steel cast- 
ings with a carbon are. From 1911 to 
1914 he was instrumental in investigating 
several serious cases of caustic embrittle- 


ment and, as a result, brought about a 
radical change in boiler water treatment in 
the U. S. N. and a general interest in the 
modifying effects of sodium sulphate in 
these cases. His company made use of bare 
wire welding in boiler drums from 1922 to 
1929 at the ends of the main longitudinal 
seams and then led the way in the manu- 
facture and sale of completely welded 
boiler drums. He was closely associated 
with the beginnings of the A.S.M.E. 
Boiler Code and the corresponding Code 
of the State of Ohio, and with the ac- 
ceptance by the U. S. N. of welding for its 
pressure vessels. In 1931 he became re- 
sponsible to his company for the con- 
struction and installation of the thirty- 
foot penstocks at Boulder Dam, a project 
impossible to realize without the art of 
welding. He has guided the development 
of its business in kaolin refractories, in the 
production of alloy steels for its own use, 
and more recently for its work in the pro- 
duction of electrically welded tubes. 


NAVAL ARCHITECTS FEATURE WELDING 


The recent meeting of the Society of 
Naval Architects and Marine Engineers 
held at the Waldorf Astoria Hotel, New 
York, on November 12th and 13th, was 
well attended. 

In most of the papeis some mention 
was made of welding, regardless of whether 
the subject dealt with the training of 
personnel, problems involved in the em- 
ployment of women, design considerations, 
new steel or speed of production. 

Of outstanding interest to the members 
of the AMERICAN WELDING SOCIETY was 
the comprehensive paper by David Arnott, 
Chief Surveyor of the American Bureau 
of Shipping and First Vice-President of 
the AMERICAN WELDING SOCIETY, on 
“Some Observations on Ship Welding.” 
This comprehensive survey of welding in 
ship construction made numerous refer- 
ence to the work of the Society and the 
Welding Research Committee. In the 
discussion of this paper, Rear Admiral 
H. L. Vickery of the U. S. Maritime Com- 
mission paid special tribute to the stand- 
ardization, research and other work of the 
A.W.S. in making possible the applica- 
tions of welding in modern ship construc- 
tion. 


SHIPS NOW TAKE BIGGER SHARE OF 
STEEL THAN AUTOS ONCE DID* 


One in Every Five Tons of Finished Steel 
Now Going to U. S. Shipyards 


Shipbuilding, both naval and commer- 
cial, is consuming a far bigger proportion 


* From Steel Facts. 


of the nation’s steel production in wartime 
than the automotive industry consumed 
in 1940, before this country entered the 
war. 

At present, almost one out of every five 
tons of finished steel produced in this 
country is going to the shipbuilding in- 
dustry, which now ranks as the No. | 
consumer of steel in the country. About 
two-thirds of the steel going to the ship- 
building industry consists of steel plates. 


Comparison with 1940 Records 

In 1940, the automobile industry, for 
years the leading steel-consuming in- 
dustry in the country, took about 16°, of 
the year’s output. The shipbuilding 
industry that year consumed 2% of the 
total, a share only one-tenth as large as 
at present. 

In 1941, about 10% of total steel pro- 
duction went to the automotive industry, 
and about 4!/.% to shipbuilding. 

Currently only about 3% of the steel 
produced is used to build automobiles, 
the production of which has long since 
ceased except for the building of a limited 
number of tfucks for purposes essential 
to the conduct of the war. 


Transition to Wartime Economy 


In the transition from a peacetime to a 
wartime economy, the phenomenal rise of 
shipbuilding as a user of steel and the 
corresponding drop in the passenger auto- 
mobile market have been accompanied by 
similar changes among other industries. 

Public construction projects and high- 
way construction, for example, which to- 
gether took 2% of all steel consumed in 
1941, are taking only about 0.6% of the 
total being shipped this year. 

Manufacturers of metal furniture, office 
and household equipment and hardware 
consumed almost 4% of the total last 
year. Currently, however, only 0.7% 
of the steel is required to meet military and 
essential industry demands for those stecl- 
consuming items. 

Steel for containers, chiefly ‘tin cans," 
represented a market for more than 7% 
of the steel produced last year. Cur- 
rently, however, only a little more than 
4% is going to container manufacturers 

On the other hand, such essential war- 
time industries as railroads, machinery, 
petroleum and mining are receiving al- 
most as large a share of the steel now 
being shipped to consumers as they did a 
year or two ago. 


Steel for Essential Industries 


Declines in the proportion of steel going 
to civilian industries have been more tha 
offset by increases in shipments of steel for 
military purposes. Total shipments to al! 
classes of consumers this year are sub 
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s. _ The fame of bronze welding isn’t confined 
- am. to the United States. You’ll find Anaconda 
1 in Seen. Rods in Chinaand Chile, in Sweden and South 
the f/m... Africa, in Australia and Alaska. But it’s news 
= ae. of when a welding expert from Buffalo, N. Y., 
am i. ,| takes a nearly 4000-mile trip to far-off Lima, 
ast mas of Peru, for the one and only purpose of super- 


‘ a vising a job of repair welding. 
ol. p That’s just what happened to Mr. E. S. 
2 Hebeler. Not that the job wasn’t “‘big’’. A 


13-ton base for a 750 H.P. engine had cracked a 


badly. A dependable repair was absolutely /lent 
necessary, because a new casting simply | is 
couldn’t be obtained. 

All told Mr. Hebeler was away about five 
weeks. Only ten days were needed for chip- | 
ping, grinding and welding —150 pounds of 
Anaconda 997 (Low Fuming) Rod being re- | 
quired to restore the engine base to active | 
service. 


% This book is collection of those| The story of this | 
- | essays and of some of his notable ad- “rags-to- boo 
in /-dxesses. been 


If you have an irreplaceable or hard- 
ment that at first seems beyond repair, 
vestigate the possibilities of bronze re 
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Stantially above 1941 levels, and far in 
excess of the tonnage of steel shipped in 
any year prior to 1941. 


FORMATION OF THE CORROSION 
DIVISION 


On October 9, 1942, at the Fall Con- 
vention in Detroit, the Corrosion Division 
of The Electrochemical Society was 
organized. At this meeting the By-Laws 
were adopted and the following officers 
were elected. 

Chairman: L. G. Vande Bogart, Re- 
search and Development Labs., Crane 
Company, 836 South Michigan Ave., 
Chicago, Ill. Vice-Chairman: H. H. Uh- 
lig, General Electric Co., Research Labo- 
ratory, 1 River Road, Schenectady, N. Y. 
Secretary-Treasurer: R. H. Brown, Metal- 
lurgical Division, Aluminum Research 
Laboratories, Aluminum Company of 
America, New Kensington, Pa. 


The Corrosion Division was organized 


because of the interest displayed by a 
large number of the members of The 
Electrochemical Society in this phase of 
the work. The object of the Division is 
to coordinate the interests of the Society 
relating to corrosion, with individuals 
and organizations which are particularly 
interested and active in this field, to 
solicit papers and plan symposia. Mem- 
bers of the Society interested in corrosion 
are eligible for membership in the Corro- 
sion Division. Persons who are not 
members, but are particularly interested 


in corrosion work, are invited to join The 
Electrochemical Society and participate 
in the work of the Corrosion Division. 


ELECTRIC WELDING 


Electric Welding, by M. S. Matteson, 
Structural Welding Instructor, Boys Tech- 
nical High School, Milwaukee. Price 50¢. 
Published by Bruce Publishing Co., 540 
N. Milwaukee Street, Milwaukee. 

This pamphlet contains 24 lessons on 
arc welding. The author has kept the 
explanatory matter as simple and as brief 
as possible in order to give the student 
ample time to learn by actual operations. 


OXY-ACETYLENE WELDING 


Oxy-Acetylene Welding, by M. S. Matte- 
son, Structural Welding Instructor, Boys 
Technical High School, Milwaukee. Price 
50¢. Published by Bruce Publishing Co., 
540 N. Milwaukee Street, Milwaukee. 

Twenty-four lessons are presented in 
oxy-acetylene welding and cutting for the 
beginner in order that he may learn to use 
the gas welding and cutting process 
efficiently. 


GAS WELDING 


A booklet has been prepared by the 
staff of the Dunwoodie Industrial In- 
stitute, and is on sale at $1.25 per copy by 


the American Technical Society, 58th at 
Drexel Avenue, Chicago. The book cover- 
ing some 92 pages provides training in the 
total of 40 training jobs. The book is 
copiously illustrated. 


ARC WELDING 


A booklet of 103 pages has been pre- 
pared by the staff of the Dunwoodie 
Industrial Institute and is available for 
sale at $1.25 by the American Technical 
Society, 58th at Drexel Avenue, Chicago. 

The manual provides training in a total 
of 40 jobs. Check questions are provided 
in connection with each job, as well as 
the answers. Information is given as to 
how to do each job properly. 


SPOT WELDERS 


A very interesting leaflet describing 
some 12 types of Thomson Welders has 
been issued by the Thomson-Gibb Electric 
Welding Company, Lynn, Mass. Copies 
available on request. 


P&H WELD NEWS 


A new bulletin known as the Weld News 
was this week introduced by the Harnisch- 
feger Corporation, Milwaukee, manvu- 
facturers of P&H-Hansen welders and 
welding electrodes. Weld News will bring 


FOR ALL DOWNHAND WELDS ... . 


a tilting range of 
135 degrees from horizontal 


From light duty hand-operated type to 20 ton capacity motor-operated. 


USTRIAL DIVISION + RANSOME MACHINERY COMPANY + DUNELLEN, NEW JERSEY — 


time savings . 


‘ 


‘WELD 
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With a tilting range of 135 degrees from hori- 
zontal, Ransome Positioners provide the means 
to weld DOWNHAND any and all welds no 


matter how complicated the piece to be welded. 


Reports from many users indicate valuable 
. which means more welding 
production in a given time over methods 
formerly used. Give us your welding production 


problems—our engineers will supply the answers. 
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REJECTION ZERO 


(Reading Time... 40 Seconds) 


In 1940—when Henry 
Ford’s ‘‘bomber an hour”’ 


was a general's dream—a 
company manufacturing 
Ra printing presses bid to 


bs build gun carriages for 
/ 


Uncle Sam. 
Time-worn ideas 
about rivets, bolts and = 
castings went into the *. 
ash can—welding ma- vp 


chines, positioner tables and electrodes 
replaced them on the production line. 


October, 1942—the prihting press 
assembly line, with a near Houdini 
touch, has become a flow production 
line for big, sturdy gun carriages. 


Westinghouse A.C. Welders and 
positioner tables keep quality at a 
peak—make rejects a rarity—cut power 
costs to an enviable low. Production is 
exceeding the Company’s most opti 
mistic estimates. 


. . 


The men behind 


| | the men behind the 
& guns report that 


"FI their welding ma- 
| 


~ chines bite into 

\ WS “hard to _ reach” 

corners, and easily 

weld heavy gauge steel—require no 

maintenance. And there’s absolutely 
no magnetic arc blow. 


During early 


stages of produc- ro 


tion, each weld was a 
X-rayed. There 
were—‘“‘No rejects 

- j 


~ 


in 800 pieces.” 


Similar weld pro- 
duction is possible in 
your plant. Get com- 
plete facts. Write to- 
day for this new cata- 
log on Westinghouse 
A.C. Arc Welders. 


Westinghouse Electric & Mfg. Co. 


Dept. 7-N, East Pittsburgh, Pa. 
J-70391 
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 Castolin Eutectic 


LOW TEMPERATURE 
WELDING 


War plants the country over rely on 
Castolin Eutectic Alloy #14* (for gas 


welding) and Castolin Eutectic Alloy. 


#24B* (AC-DC metallic arc) for easy, 
reliable welding and reclaiming of broken, 
cracked, worn, or defective castings. 
These new low temperature welding 
alloys give a completely machinable, color 
matching weld—free from stresses and 
distortion. 


Use Castolin Eutectic Low Temperature 
welding alloys #14* and #24B* in place 
of “hard-to-get” bronze welding rods. 
Castolin Eutectic Alloys #14* and #24B* 
contain no scarce metals . . available 
with priority AQ. 


Cast Iron covers salvaged with Castolin 
Eutectic Low Temperature Alloys. 


CHECK THESE ADVANTAGES: 
@ High strength 
@ Matching color 
@ Less stresses 
@ Less warping 
@ Less preheating 


@ Grealer economy 
*Patented 


Some territories available for Manulecturers 
Representatives 


WELDING ALLOYS CO. 


40° Worth St. New York, N.Y. 


to its readers pictorial news of important 
activities and developments in the welding 
field. A typical story appearing in the 
first issue is “‘How a Welding Electrode 
Helps Make Shells.”” Future issues will 
be published intermittently with circula- 
tion confined to welding contractors, 
welder operators and industrial users of 
welding equipment. Requests to be 
placed on the Weld News mailing list are 
invited and should be written on company 
letterhead. 


PHOTO CONTEST 


To further interest in arc welding gen- 
erally, and to give recognition to those who 
are doing their part in expediting produc- 
tion by the use of arc welding, Metal & 
Thermit Corporation has been running a 
contest for photographs and descriptions 
of welded work. 

Three hundred dollars in war bonds and 
stamps were offered for the best selections 
received during July, September and No- 
vember. 


SWOPE RECEIVES HOOVER MEDAL 


Announcement has been made that 
Gerard Swope, President of the General 
Electric Company, New York, has been 
selected as the sixth recipient of the 
Hoover Medal, with the following citation: 


“Gerard Swope, engineer and dis- 
tinguished leader of industry, ever 
deeply interested in the welfare of his 
fellowmen, whose constructive public 
service in the field of social, civic and 
humanitarian effort has earned for him 
the Hoover Medal for 1942.” 


The Medal will be presented to Mr. 
Swope during the Winter Convention of 
the American Institute of Electrical En- 
gineers during the week beginning Janu- 
ary 25, 1943. 

The Hoover Medal is administered by 
the Hoover Medal Board of Award, con- 
sisting of representatives of the American 
Society of Civil Engineers, American 
Institute of Mining and Metallurgical 
Engineers, The American Society of 
Mechanical Engineers, and the American 
Institute of Electrical Engineers. It was 
formally instituted on April 8, 1930, during 
the celebration of the fiftieth anniversary 
of The American Society of Mechanical 
Engineers. ‘‘To honor engineers whose 
pre-eminent services have advanced the 
well-being of mankind and whose talents 
have been devoted to the development of 
a richer and more enduring civilization, 
the Hoover Medal is awarded in recogni- 
tion and appreciation of those principles 
and ideals of civic obligation and of public 
service exemplified by the life and work of 
Herbert Hoover,” to whom the first 
award was made. The second recipient 
was Ambrose Swasey, in 1936; John 
Frank Stevens was the third recipient, 
in 1938; Gano Dunn, the fourth recipient, 
in 1939, and D. Robert Yarnall, the fifth 
recipient in 1941. 

Mr. Conrad N. Lauer, Fellow of the 
A.S.M.E., and Chairman of the Board of 
the Philadelphia Gas Works, created the 
award in 1929 with the gift of a trust fund 
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which is held by The American Society of 
Mechanical Engineers. 2 


DICK HEINEMANN HONORED 


Twenty-one old-time employees of the 
Victor Equipment Company of San 
Francisco got together September 30th at 
Fred Solari’s Grill and staged a bang-up 
surprise dinner in honor of Richard 
“Dick” Heinemann, general plant super- 
intendent, for September marked his 
twenty-fifth year with the firm. He was 
presented with an engraved wristwatch in 
appreciation of his loyal service. 

The second oldest member of the Victor 
family in length of service, Dick has seen 
Victor grow from a modest welding repair 
shop housed in a second-story loft to the 
third largest manufacturer of acetylene 
welding and cutting apparatus in the 
United States. Together with his brother 
Karl, assistant superintendent, he has 
largely been responsible for making the 
name ‘Victor’ synonymous with de- 
pendability and quality. 

With an infectious grin, a shrewd mind 
and an ability to handle men, Dick worked 
his way up through the ranks in the tradi- 
tional American spirit—steadily growing 
in skill and knowledge through many 
years of hard work and association with 
the industry. His record: 1917, machin- 
ist; 1919, plant foreman; 1928, general 
plant superintendent. 


WELDING JOINS TWO BIG INDUSTRIAL 
NAMES 


Canadian-Fairbanks-Morse Now All-Do- 
minion Distributor for P&H Welders and 
Electrodes 


Already in effect, as the result of a 
recent agreement, all Canadian distribu- 
tion of P&H welders and electrodes, manu- 
factured by the Harnischfeger Corpora- 
tion, Milwaukee, Wis., will be handled ex- 
clusively by the Canadian-Fairbanks- 
Morse Company, Limited. 

The facilities of Canadian-Fairbanks- 
Morse are ideally adapted to this new set- 
up. The company maintains branch of- 
fices and warehouses in all important cities 
of Canada, all of which are well staffed 
with capable engineers and service men to 
insure proper application and satisfactory 
operation of the equipment it sells. Main 
offices are at 980 St. Antoine St., Mon- 
treal. 

In addition to being a Canadian outlet 
for all products manufactured by the 
Fairbanks-Morse Company in the U. 5., 
Canadian-Fairbanks-Morse also handles 
a complete line of machine tool equipment, 
automotive equipment and accessories 
and home appliances. It operates a fac- 
tory in Sherbrooke, Que., where scales, 
valves, oil burners, stoves and boilers are 
manufactured, and where also a good deal 
of general foundry work is done. 


A.S.A. STANDARDS 


The American Standards Association 
today announced the publication of its 
newest List of American Standards for 
1942. 
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And that is where the new welding electrode developed 
-clusively by pace for welding armor plate went to work— 
had met successfully al ballistic tes on plates submited to 
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More than 550 American Standards are 
listed, of which 71 represent new and 
revised standards approved since the last 
(February 1942) issue of the list. These 
are marked with an asterisk. 

There is a separate heading for American 
War Standards—standards developed spe- 
cifically for the war effort. 

Another section is devoted to American 
Safety Standards, which are also of great 
importance to the war effort in connection 
with the President’s program for the 
conservation of manpower. 


Other standards include definitions of 
technical terms, specifications for metals 
and other materials, methods of test for 
the finished product, dimensions, etc. 
They reach into every important engineer- 
ing field and serve as a basis for many 
municipal, state and federal regulations. 
This particular List of Standards will serve 
as a useful reference piece to the engineer- 
ing and purchasing departments of many 
manufacturing firms. 


Standards have assumed a vital role 
today in connection with the war effort. 
Every government order is based on 
specifications and standards are further 
used in industry in simplifying the pro- 
duction problem, conserving materials, 
pegging quality to price control, in in- 
spection and in contracting and subcon- 
tracting. A large part of A.S.A.’s work 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


Carbide 


is now on wartime jobs requested by 
Army, Navy, WPB, OPA and industry. 
In fact, the A.S.A. is under contract with 
the Federal Government to carry on an 
increasing amount of such work. 

In each case, the standards approved 
by the A.S.A. represent general agreement 
on the part of maker, seller and user 
groups as to the best current industrial 
practice. More than 600 organizations 
are taking part in this work. 

This List of American Standards for 
1942 will be sent free of charge to anyone 
writing in for it. Requests should be 
addressed to the American Standards 
Association, 29 West 39th St., New York, 


CRUSHER REPAIR 


Problem: Two huge vertical cracks, 
approximately opposite each other, de- 
veloped on this 30-ton cast-iron crusher 
cone and spider base. 

Solution: Two bands of steel were 
shrunk around the entire circumference 
of the crusher cone—at top and bottom. 

Procedure: The lower band was made 
from 4 x 6-in. steel—10 ft. in diameter. 
Upper band was made from the same 
stock—15 ft. in diameter. Each band 
was constructed in halves—then joined 
by welding. Joints on the bands were 
two 60° single ‘“‘vee’’ vertical butt welds. 


Courtesy Hobart Brothers Co., Troy. Ohio 


Welds on each band were run simul- 
taneously by two operators to equalize 
contraction and expansion. Bottom band 
was welded first. This band was heated 
with four oxyacetylene torches when 
operators proceeded to weld the upper 
band. As each band expanded, shim 
stock was inserted between the band and 
the casting around its entire circum- 
ference. 

Total repair cost was $1181.40. New 
cast-iron crusher would have cost $9000. 
Job was performed at the Material Ser- 
vice Corporation of Lockport, Ill., under 
the direction of Norman E. Smith, welding 
supervisor. 


FOR WELDING and CUTTING 


Use National Carbide in the Red Drum 


60 E. 42nd St. 


NATIONAL CARBIDE CORPORATION 


New York, N. Y. 
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to stand the pace 
of wartime speed-up! 


Stepping up the service life of proc- 
ess tanks and vessels—old or new— 
is vital in today’s war production, 
you'll agree. 

This may often be readily done by welding 
linings of sturdy, corrosion-resisting metals or 
alloys into new or old vessels of steel, wood or 
concrete. 

Monel*, Nickel* and Inconel* in sheet form 
are formed easily to all types of vessel con- 
tours. Sheets are punched for plug welding, 
and are also readily welded to themselves or to 
the steel vessel by the electric are process. 

In fact, electric arc welding is the only proc- 
ess recommended for the attachment of sep- 
arate linings to steel equipment. 

The recommended sheet thickness for weld- 
ed-in linings using Monel, Nickel or Inconel set 
by practical fabricating considerations is .062 
in. (16 ga. U.S.S.) or heavier. Usually, all welds 
are left in the as-welded or reinforced condition. 


In lining existing equipment, sheets are em- 
ployed as large as can be handled conveniently, 
or, if the vessel be closed, that can be put 
through a manhole or other opening. 


In storage tanks 7 ft. or 8 ft. in diameter and 
smaller, in which fluctuations in pressure 


(breathing) are not to be encountered, the | 


long dimension of each sheet may be disposed 
either longitudinally or circumferentially. At- 
tachment to the steel by intermittent welds at 
sheet edges is sufficient, but lapped welds in the 
lining sheets obviously should be continuous. 
Because of the mild mechanical requirements 
of service, plug welds are not necessary. 


*Subject to Government priority regulations. 


Lining with narrow strips may be used in spe- 
cial cases where large sheets are impractical. 
Plug welding is omitted because strips are rela- 
tively small, from 3 in. to 12 in. wide and up to 
4 ft. in length. Again .062 in. sheet or heavier 


is recommended. 


Linings in Wood Tanks. In lining wood tanks 
with sheet metal, joints can be made either by 
soft soldering or silver brazing in the case of 
lighter gauges, .050 to .037 in. or thinner, or 
by electric are welding in .050 or .062 in. sheet. 
For are welding, a butt strap, to prevent burn- 
ing of the wood and to anchor the lining of the 
tank, is placed behind each seam and it usually 
is screwed to the wood. If necessary, the lining 
itself can be screwed to the wood with Monel 
screws on 8, 12 or 24 in. centers according to 
requirements. The heads of the screws should 
be covered with soft solder or preferably silver 
brazing alloy to insure liquid tightness. 


Linings in Concrete Tanks. Tanks are prepared 
to receive a lining by attaching 1, in. x | in. 
steel flats to the concrete by regularly available 
anchors or foundation bolts. 


For further information write for Bulletin 
T-2 “Welding, Brazing and Soft Soldering of 
Monel, Nickel and Inconel.” Address: 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York, N.Y. 


Pag 


MONEL “K” MONEL “S” MONEL “R” MONEL “KR” MONEL © INCONEL “Z” NICKEL NICKEL 
Sheet... Strip...Rod... Tubing ...Wire...Castings 
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SADDLE BEARINGS 


Saddle bearings on the booms of gas 
shovels are frequently troublesome due 
to breakage of caps and bolts on them. 
A. F. Vrasper, welding operator of Hop- 
kins, Minn., has eliminated this trouble, 
however, by arc welding. 

Between the two saddle bearings runs 
a sprocket with a key in the middle. So 
welded construction for saddle bearings 
was not practical unless the shaft could be 
removed. 

Two pieces of 3-in. steel tubing—'/, in. 
thick—-was bushed to run on the sprocket 
shaft. One of the pieces of tubing was 


MANIFOLDS 
REGULATORS 
VALVES and 


FITTI NG S to control high et 
~*-BASTIAN- BLESSING? 


4241 W. PETERSON AVE. 


"Pioneers and Manufacturers of Precision Equipment for 
‘Using and Controlling High Pressure Gases 


For 
SAFETY. ECONOMY 


Courtesy Hobart Brothers Co., Troy, Ohio 


turned to a size that would fit inside of the 
other piece of tubing. These two sleeves 
were held together by a set screw. 

Next, a */,-in. plate 30 in. square was 
cut to shape of the old saddle with an 
acetylene torch. Saddle was welded to the 
boom; inside sleeve welded to the saddle. 
For removal of the shaft and sprocket, set 
screw is simply loosened and inside sleeve 
removed. 

The entire job, performed with a 200- 
amp. gas drive arc welder, cost only $15. 
Job was completed last March—and 
there has been no indication of saddle 
bearing trouble ever since the welding job 
was completed. 


COURSES AT UNION COLLEGE 


R. W. Clark of the General Electric 
Company has been doing an outstanding 
job teaching evening courses in welding 
at Union College, under the title “Design 
and Properties of Welds and Welded 
Structures.”” This course is intended pri- 
marily for designers. It is planned to start 
another course in January for Operating 
welders. These courses are semi-officially 
under the Committee on Education of the 
local A.W.S. Section. Roy Wyman js 
giving a course in “Principles of Metal. 
lography,”” which may lead up to the 
introduction of more work of this kind into 
the regular college engineering curriculum. 


WELDING-MACHINIST 
EQUIPMENT SALE 


Baltimore Institution, because of 
owner's Military Service, is offering 
for sale over 90 pieces of Welding & 
Machinist Equipment and Complete 
Office Fixtures. Equipment 
small Jathes, milling machine, drill 
press, up to 300 ampere welding ma- 
chines (2 phase & 3 phase), drafting 
tables, 50 desk chairs, Radiagraph, 
electric wiring systems, portable air 
conditioning units, typewriters, regis- 
ters, 6 desks, office partitions, exhaust 
fans, fire extinguishers, acetylene gauges 
and torches, etc. Maryland Technical 
Institute, St. Paul & Franklin Sts., 
Baltimore, Md. 
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CHICAGO 
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data for SPEEDING aircraft production! 


Engineering and production executives in aircraft and ac- 
cessory manufacturing plants will find this NEW, 40-page 
_  Oakite manual packed with many successful, time-saving 
short cuts for increasing output. Preparing aluminum al- 
loys for anodizing and spot welding; degreasing ferrous 
and non-ferrous parts before heat treating, inspection, 
assembly, plating, painting; cleaning by tank immersion, 
washing machine, steam-detergent and pressure-spray 
methods ... ALL are discussed. Get YOUR copy NOW! 
QAKITE PRODUCTS, INC., 18E THAMES STREET, NEW YORK, N.Y! 
Representatives in All Principal Cities of the U. S. and Canada 
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WELDED CONSTRUCTION 
built ly.... 


CHICAGO BRIDGE & IRON COMPANY 


eee .. 2455 McCormick Bldg. Birmingham.........1507 North 50th Street Washington... , 330 Bowen Bidg. 
New York... ....,.3398—165 Broadway Bldg. 1654 Hunt Bidg. Philadelphia. . 1668-1700 Walnut Street 
Cleveland........ ....... 2282 Guildhall Bldg. Houston.................5621 Clinton Drive San Francisco ..... 1097 Rialto Bldg. 


Fabricating plants in CHICAGO, BIRMINGHAM and GREENVILLE, PA. 
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COMPARE the unique Arcos production facilities and you'll see why 


Chromang shipping promises are being met. The entire Arcos plart is prac- 


. tically 100% on stainless electrodes — we have no other electrode lines to divert our energies. Over a year 
oe ago Arcos set in motion the expansion program which is now at its peak. 


Chromang mets every requirement for a quality armor welding electrode. It’s a good buy — ballistically, 


metallurgically, practically, and economically. Only Arcos makes Chromang — and Arcos keeps its 
shipping promises. 


Regularly produced are all sizes from 1/8" to 5/16" diameter. All diameters are 14” long, end grip, except 
- 5/16", which is 18” long, end grip. 


K 

t rong aps N. Y.— Root, Neal & Co. . BORGER, TEXAS — Hart Industrial Supply Co. * BOSTON, MASS. (Belmont) — 17. Boker & Co... Inc.: ( 
E. Fluke + cHicaco, Machinery & Welder Corp. + CINCINNATI, OHIO illiams & Co., Inc. + CLEVELAND, OHIO = Williams 

& Co., Inc. +» COLUMBUS, OHIO ~ HF illiams & Co., Inc. + DETROIT, MICH.= C. E. Phillips & Co., Inc. + ERIE, PA.— Boyd Welding Co. i 


FRESNO, CALIF. Victor Equipment Co. + FT. WAYNE, IND.- Wayne Welding Supply Co., Inc. HONOLULU, HAWAII Hawaiian 


ar Gas Products, Lid. « HOUSTON, TEXAS — Champion Rivet Co. of Texas + KANSAS CITY, MO.— Welders Supply & Repair Co ; 
866 THE WELDING JOURNAL DECEMBER 


y 
5 
= 
| / 


COMPARE CHROMANG \ 


on your production line — \ 
p ~ 0 DU CT | 0 N the electrode specially de- 
' veloped by Arcos to meet 


every requirement for weld- 
ing armor plate. You will find 
that Chromang meets ballistic 


1y requirements. 
ce : It is important to note that the high quality of Chromang 
a welds is a combination of carefully controlled factors: 
(1) The important modifying element is in the core wire 
(2) Chromang coatings are not overloaded with ferro-alloys 
(3) The result: An all position electrode with the speed 
Ys of a downhand electrode and with superior are char- — 
ts acteristics — welds that are sound — welds that require S 
«| no chipping out for rewelds. 
: Put Chromang to work on your production line — get the RCOS CORPORATION 
facts from Arcos. 40) NORTH BROAD ST. PHILADELPHIA, Fa 
KINGSPORT, TENN. = Slip-Not Belting Corp. * LOS ANGELES, CALIF.< Victor Equipment Co. * MILWAUKEE, WIS.= Machinery & Welder 
14 Corp. MOLINE, Machinery & Welder Corp. + NEW YORK, N. Boker & Co. Inc. * OKLAHOMA CITY, OKLA. = Hart 
‘ Industrial Supply Co. + PAMPA, TEXAS=Hart Industrial Supply Co. * PITTSBURGH, PA.< Williams & Co., Inc. + PORTLAND, 
OREGON = Industrial Specialties Co. + ROCHESTER, N.Y.— Welding Supply Co. SAN FRANCISCO, CALIF. Fictor Equipment Co. 
* ST. LOUIS, MO.— Machinery & Welder Corp. + SYRACUSE, N. Welding Supply Co. 
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NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this Section 


A-C WELDER 


The new G-R Model 45, a heavy-duty 
manually operated welder with the amaz- 
ing welding range of 20 to 625 amp. is an- 
nounced by Glenn-Roberts Co. of Oakland 
(Calif.) and Indianapolis. This is the 
first manual welder to offer such a wide 
range of heats in. a single machine. It 
meets the demand for a genuine all-pur- 
pose welder, capable of handling a great 
variety of jobs from light sheet metal to 
heavy production work. The manufac- 
turers point out that plants now busy with 
war orders may employ the G-R 45 for 
heavy-duty assignments now, and use it 
with equal facility at the war’s end for 
the lighter jobs involved in fabricating 
consumer goods or other peacetime com- 
modities 


The New Heavy-Duty Wide-Range 
Glenn Roberts Welder 


The operator may select the desired heat 
from two ranges by manipulating a spe- 
cially designed switch. Low range provides 
heats from 20 to 200 amp., high range 
from 200 to 625 amp. The switch has 
three positions, Off, High and Low. Step- 
less heat control, typical of all G-R Weld- 
ers, is maintained throughout the entire 
output range. The input is in direct pro- 
portion to output, thereby utilizing all 
energy to the fullest for productive work. 
The new G-R Model 45 is power-factor 
corrected. 


A.-C. WELDING MACHINE 


A new a.-c. transformer type welding 
machine that combines exceptional safety 
with improved operating efficiency, is an- 


nounced by Wilson Welder and Metals 
Co., Inc., 60 East 42nd St., New York. 
The most interesting feature of the new 
Wilson “Bumble Bee’’ a.-c. welder is its 
low open circuit voltage of 42 volts, auto- 
matically and positively maintained by 
means of recent Wilson engineering de- 
velopments. 

Two primary coils are used instead of 
the usual one, with a magnetic contactor 
in the circuit of one primary. Each pri- 
mary contributes approximately 42 volts 
to the total open circuit voltage, which is 
actually 84 to 85 volts. However, when 
the machine is idle one primary is auto- 
matically cut out, restricting the open 
circuit value to 42 volts. As soon as the 
electrode contacts the work, the second 
primary is thrown into the circuit, and if 
there were not a dead short, the voltage 
would be 84-85 volts. 

When the operator draws an arc, this 
open circuit potential of 84-85 volts en- 
ables him to stablish his arc quickly and 
begin welding. Most welding operations 
are performed at between 32 and 40 volts. 
When welding is completed and the opera- 
tor pulls out or lengthens his arc, the arc 
voltage rises. The moment it reaches 45 
volts, the contactor opens and cuts out one 
primary, leaving only 42 volts in the open 
circuit. 

Several other improvements incorpo- 
rated in the new Wilson “Bumble Bee”’ 
make it an important advancement in 
a.-c. welding. Power factor correction is 
provided with built-in capacitors on all 
four sizes—300, 500, 750 and 1000 amp. 
—tresulting in a power factor of 100% to 
86% (lagging) over the popular working 
range. With Wilson’s new wiring ar- 
rangement, capacitors are cut out when 
the machine is idle, thereby conserving 
power and reducing costs. 


SPOT WELD TESTS 


A spot-weld testing machine, to check 
the strength of spot-welded samples in 
the factory, has recently been developed 
by The Baldwin Southwark Division of 
The Baldwin Locomotive Works. 

For use in production line testing of light 
metal fabrication, this self-contained, 
motor-driven, hydraulic machine is ex- 
tremely rapid and simple to operate. 

The machine is equipped with specially 
designed, self-aligning, lever-operated, 
open-face grips with renewable hard file 
faces. Grips accommodate offsets in 
welded specimens from the smallest gage 
to one-quarter inch thick. No backing 
plates or liners are needed. Top and 


Spot Weld Testing Machine 


bottom handling levers are set at right 
angles for convenient operation. An 18-in 
diameter steel base and low center of 
gravity, facilitate hand moving of ma- 
chine. Hoisting hood is at the top for 
crane handling. 

An 8-in. precision dial set atop of the 
machine indicates load. Cylinders with 
a 2-in. stroke are also set in the top 
section. The machine has an over-all 
height of 70 in. and a total weight of 
approximately 800 Ib. 


CLOTHING FOR WOMEN WELDERS 


To meet the needs of the many women 
welders now employed and being trained, 
General Electric has announced a com- 
plete line of safety clothing designed es- 
pecially for women welding operators. 
Safety, durability and smart styling are 
combined in the new line which is based 
on the results of an extensive industria! 
survey of safety requirements for women 
welders. 

Featured in the line are leather sleeves, 
aprons, jackets, leather gloves and a specia! 
women’s head and hair covering. De- 
signed by Sally Victor, one of the coun- 
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TIMESAVER ON SUBCHASERS 


(Reading Time... 45 Seconds) 


How are you solving your manpower 
shortage? A basic step is to simplify the 
machines your workers must handle. 
For example, here’s how a Midwestern 
shipbuilding company saves manhours 
for building more PC boats. 

It’s just plain com- 
mon sense that ma- 
chinery with moving 
parts requires more 
maintenance checks 4\ 
than a machine with- | = lz XC 
out moving parts. So we 
this boat builder bought only ‘‘main- 
tenance free’’ Westinghouse A.C. Weld- 
ers for his metal joining work. 


AS a result, his 


welding ma- 
chine maintenance crew was reduced 
to a bare few. And his old operators 
and “‘green’’ men are producing better 
welds, faster—just because Westing- 
house A.C. Arc Welders are so dog- 
gone simple to operate. 

Welds are even 
easy in a PC boat’s 
“hard-to-weld”’ joints 
because A.C. welding 
eliminates magnetic 
arc blow. Even at 


high current, the A.C. arc bites into 
corners—produces uniformly sound 


welds . . . fast. 


A.C. welding offers 
many advantages 
that are especially 
valuable today. Get 
complete facts. Ask 
your Westinghouse 
representative or 
write for catalog 
B-3136. 


Westinghouse Electric & Mfg. Co. 
Dept. 7-N, East Pittsburgh, Pa. 


J-21259 


WELD DEFECTIVE 
BRASS BRONZE 
CASTINGS WITH 


ALUMINUM BRONZE 
WELDING ROD 


Brass and bronze castings often show defects only 
after they are finish machined. No need now to 
discard these defective castings—for they can 
usually be welded without pye-heating, using 
Ampco-Trode 10 coated-bronze electrodes by 
either metallic arc or carbon arc welding. Important, 
because brass or manganese bronze castings, high in 
zinc, are difficult to repair. 


With Ampco-Trode 10 electrodes, welds equal 
base metal in strength and hardness. Color match 
also will be obtained. 


Ampco-Trode 10 electrodes are made in seven 
grades, '~" to 14" in diameter. They may be used 
for metallic arc, carbon arc, and oxy-acetylene 
welding. 


The Ampco line of coated bronze welding rods 
also include six grades made of Ampco Metal, a 
high strength series with controlled hardness, well 
suited for overlaying steel and cast iron to form 
bearing surfaces. 


Detailed information regarding Ampco-Trode sent 
on request. 


AMPCO METAL, INC. 


Department WJ-12 Milwaukee, Wisconsin 
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try’s leading milliners, this head covering 
protects the hair from sparks and slag and 
can be used with any of the modern weld- 
ing helmets. 

All items in the line are of high-quality 
material, comfortable and light in weight 
—yet they provide full protection for all 
parts of the body. The new line supple- 
ments G. E.’s complete line of apparel 
for men welders. 

A new bulletin, GEA-3295, gives com- 
plete details and specifications on G. E.'s 
new line of safety clothing for women. 


WELDING TRANSFORMER 


Speeding production of war matériel has 
created manufacturing problems often- 
times never experienced in the production 
of peacetime goods. As a result much 
production machinery has been designed 
to perform a specific operation or function. 
As an example The Acme Electric & 
Manufacturing Co., Cuba, N. Y., an- 
nounce the development of special weld- 
ing transformers for operation on primary 
circuits of 115 v., single phase, 60 cycle 
and having secondary characteristics of 
0.75 v., 1600 amp. 

Application of this transformer and 
other special specification units to war- 


time production may serve further to make 
America the Victory Arsenal of the World. 


Employment 
Service Bulletin 


SERVICES AVAILABLE 


A-445. Would like to connect with 
large concern where ability to organize 
a welding department, train men, and 
supervise experienced men, is necessary. 
Experience covers twelve years in ship 
construction, pipe, shop, and general 
construction work in electric, acetylene 
and automatic welding. Experienced as 
welder, inspector, foreman and instructor. 
Qualified as hull and welding inspector for 
the Maritime Commission. Thirty years 
of age, single, free to travel. 


POSITION VACANT 


V-121. Inspector wanted. Applicant 
must be over 45 years of age with mechani- 
cal ability, but not necessarily college 
training, capable of reading various kinds 
of blueprints, who can be trained or util- 
ized in the inspection service of company. 
Knowlege of welding or brazing agreeable. 

V-122. Welding Production Manager 
or Welding Engineer wanted. Age over 
45. Real leader of men. One who knows 
welding production and assembly of ship 
sections. 


V-123. Technical Assistant. The 
AMERICAN WELDING SOcIgTY has an open- 
ing for a technical assistant. Applicant 
must be recent college graduate with 
metallurgical training. Must have draft 
deferment status. Welding experience de. 
sirable but not necessary. Communicate 
with W. Spraragen, AMERICAN WELpDrinc 
Society, 33 West 39th St., New York. 


BULLETIN ON WELDING POSITIONER 


A colorful, well illustrated, four page 
bulletin, No. 205, has just been issued by 
the Industrial Division, Ransome Ma- 
chinery Company, Dunellen, New Jersey, 
on their Twenty Ton Capacity Welding 
Positioner. 

The Positioner is described completely 
and is wellillustrated. The advantages of 
position welding are explained. 

Copies of the bulletin may be had by 
addressing the Company. 


OBITUARY 
Rapheal Granjon 


The director of the Central Office of 
Acetylene dnd Gas Welding, Mr. Raphea! 
Granjon, died in Paris, February 6, 1942. 
Mr. Granjon was one of the pioneers in 
the use of acetylene for welding. He 
founded the French periodical ‘Journal de 
l’Acétyléne in 1903 and was editor in 
chief of the French welding magazine 
“Revue de lg Soudure Autogéne”’ at the 
time of his death. It was at his sugges- 
tion that the building housing all the 
French welding societies and welding re- 
search organizations was erected in Paris 
in 1932. 


Bound Volume 
Welding Journal 


The bound volume of the 1942 
Journal will be shortly available in 
imitation black leather covers— 
Authors and Subject Index. 


Price to members $5.00 
Non-members $6.50 
Postage additional! 
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WELDING ELECTRODES 
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MALLOR 


THE WELDING JOURNAL 


P. R. MALLORY & CO., Inc., INDIANAPOLI 


The men who man high speed spot welding guns, single and multiple 
spot welders, seam welders and flash welders . . 
long life electrodes! Write for your free copy of the factual Mallory 
Resistance Welding Data Book . . . today. 


. rely on Mallory for 


S, INDIANA «+ 


Cable Address — PELMALLO 
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OUR FLYING FORTRESSES 


Paris 


HIS new, compact X-ray unit was designed by 

KELEKET engineers for inspecting light or heavy 

metal parts on a fast assembly line. Speed is lim- 

ited only by the rate at which the dollies can be 

K loaded and unloaded — up to 5000 small parts have 
a been radiographed in a single 8-hour shift. 

—s RAY? This fast, efficient X-ray inspection tool is built to 

operate with your present assembly line, or can be 
adapted to any mass production operation. 


j Available with KELEKET engineers will be glad to consult with you 
VALLO Complete Automatic Control on any problem requiring high-speed X-ray inspec- 
. With this contecl, the unit opens tion and explain how this equipment can be adapted 
: and closes the doors, moves the to meet your requirements and specifications. 
dollies in and out, and exposes 
intervals THE KELLEY-KOETT MFG. CO., Industrial Division 
eer 21812 West Fourth Street, Covington, Ky. 


Representatives in 64 Cities 


PIONEER CREATORS OF QUALITY X-RAY EQUIPMENT SINCE 1900 = 
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SECTION ACTIVITIES 


BOSTON 


The first meeting of the season was held 
on October 19, at the Engineers’ Club in 
Boston. Dinner was served at 6:15, after 
which there was an informal round-table 
discussion of ‘‘Weldability.’”’” The dis- 
cussion leader was W. L. Warner, welding 
engineer, Watertown Arsenal, who started 
the meeting by general remarks and defi- 
nitions. Questions submitted on reply 
cards were also discussed by the leader 
and by members in attendance. 

This was the first meeting of this type 
put on by the Section, and was considefed 
a worth-while venture. 


CHICAGO 


For the first time in a number of years 
the Chicago Section held an October 
meeting. It was felt that a meeting should 
be held in Chicago this year because of the 
inability of a great many members of the 
Chicago Section to attend the Annual 
Meeting of the AMERICAN WELDING 
Socrety at Cleveland. The October 
meeting was held October 16 at the Elec- 
tric Club Auditorium. A dinner at the 
Ford-Hopkins Restaurant preceded the 
meeting, as did also a double feature 
movie, entitled “Oil from the Earth’ and 
“Pipelines,”” shown through the courtesy 
of the Shell Oil Company. 

The officers of the Chicago Section re- 
viewed the high lights of the 23rd annual 
meeting of the AMERICAN WELDING 
Society for the benefit of the members 
and guests who were unable to attend this 
meeting in Cleveland. 

The guest speaker for the evening was 
E. C. Breckelbaum, welding superintend- 
ent, Harnischfeger Corp., Milwaukee. 
He spoke on the subject, ‘Welded Gears 
and Their Place in Heavy Machinery.” 
Mr. Breckelbaum presented an exceedingly 
interesting paper showing how the use of 
welded gears in heavy machinery has 
changed from an emergency repair ap- 
plication to a production-made product 
which has definitely found a lasting place 
in industry. 

The following is the program of meetings 
for the season. It is the practice of the 
Chicago Section to hold a dinner prior to 
each meeting. Dinner is at 6:30 with the 
meeting starting at 7:30. The movie is 
shown at the beginning of the meeting so 
that the actual paper is presented around 
8 o'clock. Dinner at Ford-Hopkins 
Restaurant, 3rd floor, Civic Opera Bldg.; 
meetings at Electric Club Auditorium, 
36th floor, Civic Opera Bldg., Chicago. 

December 18—‘‘Improved Methods of 
Machine Cutting,” by John A. Rea, Linde 
Air Products Co. Movie—‘Keep ’Em 
Rolling.” 

January 15—‘‘Welded Ship Construc- 
tion,”’ by Commander W. Dowd, U. S. 


Navy. Movie—‘‘Unfinished Rainbows 
February 19——‘‘Magnetic Stored-Energy 
Welding,” by C. W. Dodge, Sciaky Bros. 
Movie—‘‘By Air to the Land of the Incas.”’ 
March 19—‘‘Hard-Facing for Material 
Conservation.”’ Speaker from Stoody Co. 
Movie—*‘‘10,000 Feet Deep.” 

April 16—‘‘Fabrication of Welded High- 
Pressure Piping,’”” by R. W. Emerson, 
Pittsburgh Piping & Equipment Co. 
Movie—‘‘This Amazing America.” 

May 21—‘‘The Effects of Alloys in 
Weldability of Steel,” by A. B. Kinzel, 
Union Carbide & Carbon Res. Labs. 
Movie—‘‘By Air to Alaska.” 


CLEVELAND 


The regular meeting of the Cleveland 
Section was held at the Cleveland Engi- 
neering Society Building, Wednesday 
evening, November 11. The program 
featured a twin bill covering two outstand- 
ing subjects in the welding field of today, 
and a coffee talk. 

Mr. Karl Blind, electrical engineer, 
Harnischfeger Corp., presented the ad- 
dress on “‘Outline of Electrical Welding 
Processes and Equipment,’”’ in the ab- 
sence of Mr. K. L. Hansen, Consulting 
Engineer, Harnischfeger Corp., and newly 
elected President of the A.W.S., who was 
scheduled as the speaker, but was unable 
to be present. His subject covered briefly 
the various resistance welding processes, 
such as spot welding, butt welding and 
flash welding. He covered the pheno- 
mena of the welding arc and arc welding 
in more detail, such as its resistance 
characteristics, heat distribution, current 
fluctuations, etc., and followed this with 
a discussion of the characteristics of weld- 
ing generating equipment required to 
meet this phenomenon. 

“Electrodes and Their Proper Use’’ was 
the subject of another talk given by H. O. 
Westendarp, Jr., sales engineer of the 
General Electric Co., Schenectady, N. Y. 
Mr. Westendarp ermphasized the vital 
need for conservation of arc-welding 
electrodes and discussed various ways in 
which conservation may most efficiently 
be effected. He is recognized as an out- 
standing authority on this subject and re- 
ceived the Charles A. Coffin Award for 
his outstanding contributions to the arc- 
welding industry. 

Following the dinner, Mr. Howard 
Haas, a former U. S. Secret Service agent, 
gave a coffee talk on the subject of “‘Know 
Your Money.”’ His comments were very 
instructive and interesting, featuring 
counterfeit bills and how to recognize 
them. 

The Cleveland Section officers for the 
1942-43 term are as follows: R. J. Kriz, 
Chairman; C. T. Elder, Vice-Chairman; 
A. Leslie Pfeil, Secretary and Treasurer. 


COLUMBUS 


The October meeting of the Ohio State 
University Student Branch of the Colum 
bus Section of the AMERICAN WELDING 
Society was held October 22 at the Ohio 
Union on the campus with Clarence Shul- 
theis, president, presiding. 

Professor Stitt, faculty adviser, ad- 
viser, announced that the National Head- 
quarters of the AMERICAN WELDING 
Society sent our Student branch a check 
for $25 be used for expenses in promoting 
the activities of the chapter. He also 
announced that an addition to the By- 
Laws of the AMERICAN WELDING Society 
is under consideration whereby student 
chapters may be organized in engineering 
college of approved standing with 15 or 
more student members of the AMERICAN 
WELpDING Society. John Lenz was elected 
representative to the Engineers’ Council 

Professor Clyde T. Morris, chairman of 
the department of Civil Engineering gave 
a very interesting talk on the fatigue 
stresses in structural joints 

The November meeting of the Colum- 
bus Section was held on the 13th at the 
Fort Hayes Hotel. Dinner at 6:30 pre- 
ceded the techhnical meeting at 8:00 P.M 
Mr. Orville T. Barnett, Metal and Ther- 
mit Corporation, presented an interesting 
discussion on ‘‘Mechanical Properties of 
Weld Metal.”’ 

Program of meetings for the season was 
included in the Section Activities in the 
October JOURNAL. 


DETROIT 


The third meeting of the Detroit Sec 
tion this season was held on November 6 
at the Detroit-Leland Hotel. Dinner at 
6:30 preceded the meeting at 8:00. The 
meeting was conducted in the form of a 
symposium on the ‘Non-Destructive 
Weld Testing Methods.” It was ably 
presented by Mr. E. W. Page of General 
Electric X-Ray Corp., speaking on X-rays; 
Mr. Philip Johnson of Radium Chemica! 
Corp. on Gamma Rays, and Mr. Hamilton 
Migol of Magnaflux Corp. on Magnaflux 
An interesting question and answer period 
followed. Attendance was slightly over 
200. 


INDIANA 


There was an attendance of 164 at the 
dinner meeting held on October 23 in the 
Y.M.C.A, in Anderson. The six General 
Electric reels of the film “Inside of Arc 
Welding” and the Alcoa film ‘‘How to 
Weld Aluminum” were enjoyed by all. 

At the November 20 meeting, Mr 
Walter J. Brooking, Director of Testing 
and Research, spoke on ‘‘Procedure Con- 
trol in Arc Welding.” 
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" JNITED” electronic power tubes cannot be spun out on 
| swift, automatic assembly lines. The painstaking manu- 

facturing of these sensitive devices requires the skill of 
human hands. 

Here at the “United” Plant, incredibly accurate hands 
perform under a system of personal supervision by electronic 
engineers. One by one, the steps of forming and fitting the 
stems, leads, plates, grids, wires and rods combine to produce 
tubes of such flawless precision that they consistently win top 
rating of performance. Never before were the hands of crafts- 
men and the brains of scientists so superbly “United” in 
advancing the scope and purpose of electronics. 

Consistent technical advances in electronic power tubes, 
now required for war communications, are available to you 
for the exacting demands of resistance welding. Remember 


to look for “United” on the tubes. 


UNITED ELECTRONICS COMPANY 


NEWARK, NEW JERSEY 
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LOS ANGELES 


The October meeting was held on the 
15th. There were 150 present at the din- 
ner and Mr Harry Warner gave a de- 
scriptive talk covering an excellently pro- 
duced picture, entitled ‘Fabrication of 
Sub-Assemblies in Shipbuilding.” There 
is a full-length reel giving considerable 
detail regarding the welded fabrication of 
subassemblies. The picture was produced 
and directed by Jack Cowan, assistant 
product superintendent of the California 
Shipbuilding Corporation. 


MARYLAND 


Mr. J. Lyell Wilson, of the American 
Bureau of Shipping, was the speaker at 
the November 20 meeting of the Maryland 
Section. Mr. Wilson spoke on the subject 
of “Shipbuilding Methods.” 

The Welding Lecture Course of fifteen 
lectures sponsored by the Maryland Sec- 
tion has proved to be a successful and in- 
structive venture. About ninety men 
attended. 


MILWAUKEE 


A colored motion picture, ‘“Wild Life of 
Wisconsin,” was shown through the cour- 
tesy of the Luitink Mfg. Co. at the dinner 
preceding the meeting of the Milwaukee 
Section on October 23. The welding 
address, ‘“‘Forge Spot Welding of Heavy 
Section of Alloy Steels, Carbon Steels and 
Mild Steels,” was presented by Mr. 
Louis Benkert of the Progressive Welder 
Co. The talk was illustrated by slides. 


NEW YORK 


The New York Section of the AMERICAN 
WeEvprnc Socrety held its regular monthly 
technical meeting on November 17, 1942, 
at the Engineering Society’s Building. 
This was a joint meeting with the Metro- 
politan Section, The American Society of 
Mechanical Engineers, Iron-Steel-Welding 
Division. The subject of the evening was 
“Maintenance in War Time,” the techni- 
cal chairman being E. V. David, assistant 
manager, Applied Engineering Depart- 
ment, Air Reduction Sales Company, New 
York, N. Y. 

The first speaker for the evening was 
A. O. Anderson, Consolidated Edison 
Company of New York, Inc., who spoke 
on the subject “Conservation of Material 
by Welding.” With the aid of numerous 
slides, Mr. Anderson demonstrated how, 
by means of welding, his company has 
helped to conserve metals and materials 
which are now vitally needed for the war 
effort. The paper covered the mainte- 
nance and repair of central station equip- 


ment and described how broken parts such 
as large shafts are now repaired instead of 
being replaced. 

The second part of the evening was de- 
voted to the showing of a slide film in 
color, “The Heater’s Digest,’’ under the 
supervision of P. F. Newman, Socony 
Vacuum Oil Company, Inc., New York, 
N.Y. This film, prepared in the interest 
of greater efficiency and economy in oil 
heating, presented a simplified analysis of 
the heating system and its relation to 
family health, comfort and budget. It 
showed how to avoid common discom- 
forts which may arise in any home heating 
setup and illustrated how fuel consumption 
can be reduced through proper winter- 
proofing, flame adjustment, thermostating 
and other means. 

The evening opened with the regular 
half-hour question and answer period 
conducted by H. R. Morrison, The Linde 
Air Products Company, New York, N. Y 


NORTHERN NEW JERSEY 


The November meeting of this Section 
was held on the 17th at the Essex House, 
Newark, N. J. Mr. H. W. Wagner of the 
Norton Co. spoke on the subject, ‘““Spark 
Test Demonstrations of Irons and Steels.”’ 
“Some Current Applications of Oxy- 
Acetylene Processes’ was the subject cov- 
ered by a group of development engineers 
of The Linde Air Products Co. The indi- 
vidual topics and order of presentation 
were as follows: “Production Cutting in 
Plate Edge Preparation,” by J. H. Roun- 
tree; ‘‘Oxy-Acetylene Heat Treating,” 
by P. E. Timmerman; ‘Flame Priming 
and Cleaning of Metal Surfaces,’ by E. 
W. Deck; “Wrinkle-Bending of Ferrous 
and Non-Ferrous Piping,’ by E. P. Jones 

An educational film, reels Nos. 4, 5 and 
6, was shown through the courtesy of the 
Standard Oil Company of N. J. The first 
three reels of this film were shown at the 
October meeting. 


NORTHERN NEW YORK 


Program of meetings from January to 
April of next year is as follows: 

Jan. 28—General meeting of coordinated 
societies. Place to be announced. ‘‘Mod- 
ern Marine Construction,’”” by David 
Arnott, chief surveyor, American Bureau 
of Shipping. 

Feb. 25—Place to be announced. 
“The Welding of Tanks,’’ by H. S. Swan, 
welding engineer, American Locomotive 
Co. 

March 25—Place to be announced. 
“The Elements of Welded Design,” by 
L. C. Bibber, welding engineer, Carnegie 
Illinois Steel Corp. 


April 22—Rensselaer Polytechnic [p. 
stitute, Troy, N. Y. “Progress in Re. 
sistance Welding,” by Dr. W. F. Hess, 
head of Welding Labs., R. P. I. 


NORTHWEST 


At the November 16 meeting held at 
Coffman Memorial Union, University of 
Minnesota, Mr. W. B. Browning, Process 
Service Department, The Linde Air Prog. 
ucts Co.,, spoke on “Oxy-Acetylene Proc. 
esses That Eliminate Bottlenecks.” Dip. 
ner at 6:30 preceded the technical session 
at 7:45. 

Program for meetings of the season was 
given in the November JOURNAL. 


OKLAHOMA CITY 


Prof. William T. Tiffin of the University 
of Oklahoma, at the October 8 meeting, 
gave a preview of a paper, “Effect of Cur- 
rent on the Welding of X4130 Aircraft 
Sheet and Tubing,” which was originally 
planned for presentation at the Annual 
Meeting. Several reels of the film, “The 
Inside of Arc Welding,” were shown 
through the courtesy of the General Elec- 
tric Co. 

Mr. J. R. Spence, general sales manager 
of The Stoody Company, spoke at the 
November 6 meeting, on “‘Hardness ps 
Wear Resistance.” Two more reels of 
‘The Inside of Arc Welding”’ were shown 

The following officers and committees 
have been appointed by the Oklahoma 
City Section for the fiscal year. 

Chairman*—Francis Sprehe, Midwest 
Steel Co.; Vice-Chairman—M. G. Wicker, 
Air Reduction Sales Co.; Secretary—H 
N. Simms, Black, Sivalls & Bryson, Inc.; 
Treasurer—W. D. Brewer, Oklahoma Gas 
& Electric Co. 

Executive Committee—(two years) Otto 
Hart, Bill Kline, C. C. Willis, C. C 
Noret; (one year) K. B._ Banks, 
J. M. Mideke, W. H. Rice, W. S. 
Gleason. Educational Committee—C. C. 
Willis, Chairman, L. E. Dietrich, W. H. 
Rice, J. R. Black. Membership Com- 
mittee—M. A. Winters, Chairman, J. W. 
Blake, L. L. Stewart. Program Committee 
—J. M. Mideke, Chairman, K. B. Banks, 
M. G. Wicker. 


PHILADELPHIA 


Program of meetings for the season was 
given in the October JOURNAL. 

The October meeting was held at the 
Engineers’ Club, 1317 Spruce St., on 
Monday evening, the 19th. 

The meeting was opened with the show- 
ing of reel No. 3 of the series of six en- 
titled “Inside of Arc Welding’ being 


ELECTROLOY ALLOYS for RESISTANCE WELDING ELECTRODES and DIES 


Spot ELECTROLOY ALLOYS were developed specifically for the resistance welding industry. ELEC- 


c. TROLOY ALLOYS cover the full range of physical properties necessary to the manufacturers and users 
em of resistance welding equipment. 


Flack On ogee will be glad to make recommendations for your special electrodes. Submit samples or 
specifications. 
Projection Catalog and prices available on request. 


THE ELECTROLOY COMPANY, ImC. 1600 Seaview Avenue, BRIDGEPORT, Connecticut 
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RESISTANCE 
WELDING MAKES 


WAR PRODUCTION 
SOAR! 


Actual production figures from war plants are a secret, as you know. But it’s no secret that Resistance Welding .. . 
Spot, Seam, Flash and Butt Welding . . . has enormously speeded the output of aircraft, shells, bombs, ships, com- 
bat vehicles and other tools for total war. Resistance Welding has been a big factor in shifting war production 


from a crawl to a crescendo! 


How You Can Profit by Using Resistance Welding 


1. Speed metal fabrication by 30°) or more. 
2. Strengthen construction. 

3. Improve product design. 

4. Cut finished cost per unit. 


Get The Facts — Now! 


Consult any of the member companies listed here. They have expert welding engineers ready to ‘‘tell all’’ 
and get results in your plant. Act today! 


MEMBER COMPANIES 


Welding Machines Mfg. Company, Detroit, 
Mich. 

Acme Electric Welder Company, Los Angeles, 
Calif. 

Eisler Engineering Company, Newark, N. J. 

Expert Welding Machine Company, Detroit, 
Mich. 

— Machine and Welder Company, Warren, 
Ohio 

Multi-Hydromatic Welding and Manufacturing 
Co., Detroit, Mich. 


National Electric Welding Machines Co., Bay 
City, Mich. 


Progressive Welder Company, Detroit, Mich. 

Sciaky Bros, Chicago, LIL 

Swift Electric Welder Company, Detroit, Mich. 

Taylor-Hall Welding Corporation, Worcester, 
Mass. 

Taylor-Winfield Corporation, Warren, Ohio 

Thomson-Gibb Electric Welding Co., Lynn, 
Mass. 


ASSOCIATE MEMBER COMPANIES 


P. R. Mallory & Co., Indianapolis, Ind. 
S-M-S Corporation, Detroit, Mich. 


Electroloy, Inc., New York, N. Y. 
Welding Sales and Engineering Co., Detroit, 


RESISTANCE WELDER MANUFACTURERS’ ASSOCIATION 
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shown consecutively through the courtesy 
of Mr. O. J. Pearre of the General Electric 
Co. 

Following the picture, Mr. J. G. Ma- 
grath of the Air Reduction Sales Co. spoke 
extensively on “Cutting and Welding on 
Liberty Ships’ in conjunction with a 
group of slides on the same subject 
which were selected at random from shots 
taken in seven West Coast shipyards. 

A splendid discussion developed, after 
the completion of Mr. Magrath’s talk, 
varying in subject matter through each of 
the following points: comparison con- 
sumption of acetylene and oxygen in the 
various types of yards, as well as between 
the East and West Coast yards; jigs and 
fixtures for machine flame cutting and 
the prevention of distortion by heating as 
well as by quenching during such opera- 
tions; ‘clustering’ of channels, angles, 
etc., to prevent distortion during weld- 
ing—also positioning such operations for 
ease in handling and welding; pre-setting 
of members with longitudinal welds be- 
fore welding, as against straightening after 
welding. This results in a consistently 
straight member after completion of op- 
eration. 


PITTSBURGH 


The opening meeting of the Pittsburgh 
Section 1942-43 Fall Season proved most 
successful. Over 100 members and guests 
attending to hear Emil Steinert, design 
engineer, Alternating Current Arc-Weld- 
ers, Transformer Division, Westinghouse 
Electric & Manufacturing Co., Sharon, 
Pa., deliver a talk on “Alternating Current 
Arc Welding in Wartime Industry.” 

The subject was to have been a joint 
presentation by Mr. Steinert and Mr. 
W. W. Reddie, Manager of Welding Sales, 
Motor Division, Westinghouse Electric & 
Manufacturing Co., East Pittsburgh, but 
due to a sudden illness Mr. Reddie was 
unable to be present. However, Mr. 
Steinert presented the entire paper and 
it was very favorably received. A spirited 
discussion followed the presentation, giv- 
ing evidence that those present were inter- 
ested in the subject matter presented. 

Following the discussion two reels, No. 
1 and No. 4, “Fundamentals” and “Al- 
ternating Current,’’ of the General Elec- 
tric Co. motion picture feature, ‘‘The In- 


side of Arc Welding,’”’ were shown. The 
interest manifested in these films by all 
present indicated definitely that engi- 
neers, welders and beginners are all anx- 
ious to learn more about welding. 


ROCHESTER 


The November meeting of the Rochester 
Section was held on the 5th at Todd Union, 
University of Rochester, River Campus. 
A dinner at 6:30 preceded the meeting 
called for 7:30 P.M. Mr. C. E. Betz, 
director of research, Magnaflux Corp., pre- 
sented an interesting talk on ‘‘Magna- 
fluxing—Its Uses in Welding.”’ 

A Kodachrome movie, entitled ““Lucky 
Teter,’’ photographed and titled by Ray 
Englert, was shown as an entertainment 
feature. 


SAN FRANCISCO 


The October meeting of the San Fran- 
cisco Section was devoted to subjects 
connected with the War Effort, especially 
that portion thereof that is most prevalent 
in this locality, such as ship construction. 

Mr. William L. Reichert, welding tech- 
nician of the Bethlehem Steel Co., Ship- 
building Division, in San Francisco, ad- 
dressed the assembly on the subject of 
“Welding of Corrosion Resistant Steel 
(CRS) and (STS) Steel.” Mr. Reichert 
described the difficulties encountered in 
the welding of these special alloy metals 
in detail and the techniques developed in 
overcoming the difficulties. Mr. Reich- 
ert’s talk was very interesting and en- 
lightening, and all of those who attended 
felt that they had gleaned considerable 
information. 

The second topic discussed at this meet- 
ing was the relative merits of a.-c. welding 
as compared with d.-c. welding. This 
portion of the meeting was presided over 
by Mr. C. R. Owens, welding specialist of 
the General Electric Co. Mr. George 
G. Glenn, of the Glenn Roberts Co., and 
Mr. L. P. Henderson, of the Lincoln Elec- 
tric Co., gave their respective views on the 
subject, all of which was very informative 
and entertaining 


YORK-CENTRAL PENNSYLVANIA 


The first meeting of the season was held 


on September 16 at the Engineering 
Society of York Building. Mr. Charie 
H. Jennings of the Research Laboratory 
at Westinghouse Electric and Manutfae. 
turing Co. gave an interesting lecture op 
“Alternating and Direct Current Weld. 
ing.” 

The October meeting was held on Octo. 
ber 7 at the Engineering Society of York 
Building. Mr. Richard Lee of the McKay 
Company gave an interesting lecture op 
“Characteristics and Functions of Weld. 
ing Rod Coatings.” Mr. Paul Lang of 
Arcway Equipment Co. showed three parts 
of the General Electric Co. sound-color 
film, ‘‘The Inside of Arc Welding.” 


I. A. A. OFFICERS 


Newly elected officers of the Inter. 
national Acetylene Association, chosen at 
the annual meeting held in Cleveland, 
Ohio, on October 14, 1942, are: Ellsworth 
L. Mills, president; Glenn O. Carter, vice- 
president; Herbert F. Reinhard, secretary: 
and Philip Kearny, treasurer. 

Mr. Mills is vice-president of the 
Bastian-Blessing Co., Chicago, manu- 
facturers of oxyacetylene welding and cut- 
ting equipment. He has been active in 
the acetylene industry and in the affairs 
of the I.A.A. for a good many years and 
has previously served as vice-president 
and director of the association. He is a 
native of Denver, Colo., and a graduate of 
Cooper Union, New York City. 

Mr. Carter is a consulting engineer with 
The Linde Air Products Company and a 
member of fhe executive board of the 
Compressed Gas Manufacturers’ Associa- 
tion. Mr. Reinhard, who will serve as 
secretary for the eleventh time, is asso- 
ciated with Union Carbide and Carbon 
Corporation, New York, N. Y. Mr 
Kearny, who has previously served as a 
director, vice-president, and president of 
the association, is president of the K-G 
Welding and Cutting Company of New 
York City. 

Directors for the three years ar 
Henry Booth, vice-president, Shawinigan 
Products Corporation, New York City 
E. L. Mathy, vice-president, Victor Equip 
ment Co., San Francisco; and R. B 
Swope, president, Southern Oxygen Co, 
Inc., Arlington, Va. 


Buy ‘‘Proven Fluxes”’ with Years of 
Guaranteed Satisfaction behind them 


ANTI-BORAX COMPOUND COMPANY 
Fort Wayne, Indiana 


NET ADVERTISING RATES 


The Trade-Name is **ANTI-BORAX”’ Black and White Effective May 1938 
Ask f or Them Unequalled or Quality Space 
A Flux for every metal: Cast Iron Welding Flux *Full Page $100 $90 =| $80 $70 
Ne. 1; Brazing Flux No. 2; Braz-Cast Flux No. 4, 5 40 
cast iron; “ABC” Aluminum Half Page 6 50 4 
ux Ne. 8 fer sheet Aluminum and all! alloys of 

Aluminum; Stainless Steel Flux No. 9; Silver Quarter Page 
Solder Brazing Flux No. 10; “‘Anti-Borax”’ Tinning Eighth Page 25 20 17 15 
Cempound No. 11. 

*Inside Preferred 115 105 95 85 


*10% Extra for bleed full pages. Color $40 Extra per color added. 
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AMERICAN WELDING SOCIETY 


SCOPE OF THIS BOOK 


The primary purpose of this book is to publish a complete roster of the 
Society’s members arranged in two sections: (1) alphabetical; (2) geo- 
graphical. Information relating to general activities of the Society also is 
included, but events of the past year are not particularly emphasized with the 
exception of (1) the Secretary's Annual Report (2) a Membership Report (3) 
a Report of the Committee on Outline of work, and (4) the Financial Report. 


Lists Corrected ta Novemler 1, 1942 
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The American Welding Society 


organization representing the welding engineering 

profession and others interested in the advance- 
ment of welding. It was founded in 1919 when the possi- 
bilities which might follow from an organization which 
would foster and encourage welding developments were 
indicated as a result of the activities of the Welding Com- 
mittee of the Emergency Fleet Corporation. The objects 
of the Society are the advancement of the knowledge and 
art of welding and the extension of its application. The 
Society has contributed largely toward the remarkable 
progress that has taken place in the welding field. From 
small beginnings the AMERICAN WELDING Society has 
grown steadily until it is now recognized as the leading 
scientific organization in the world devoted to the in- 
terests of the welding and cutting of metals and their 
allied processes. The Society is an organization of in- 
dividuals and of various companies and corporations in- 
terested in welding by any process, either as users con- 
cerned with the efficient application of the art or as manu- 
facturers of welding equipment and supplies interested 
in its acceptance. 

Never before in its twenty-four years of existence has 
the AMERICAN WELDING Society assumed such a vital 
réle to its country. Its work, undoubtedly represents 
an integral part of National Defense. Practically all of 
our ships, naval and merchant, have a great deal of weld- 
ing on them. In the case of the merchant vessels now 
being built, more than half are completely welded. 

Every day witnesses an extension of the use of welding 
in speeding up aircraft production. Tanks are now 
completely welded. Gun carriages and bombs are also of 
welded construction. 


sk AMERICAN WELDING Society is the national 


THE WELDING INDUSTRY 


The growth of the Society has paralleled the growth 
of the welding industry itself. Today there is practically 
no metal fabricating industry that does not use welding 
in one form or another. Even here, welding may be 
considered as an aid to the War Production Effort 
in the savings of weight, in speeding up production all 
along the line and an improved product. The savings 
in weight permits badly needed materials to be used for 
other things. Applications range from tiny almost mi- 
croscopic parts for tubes and relays to the welding of the 
largest structures, such as buildings, bridges, locomotives 
and ships. 


THE PLACE OF AN ENGINEERING SOCIETY 


The development of the science and art of any branch 
of engineering involves the work of individuals and of 
associations, both professional and industrial. The allo- 
cation of credit to the several individuals or associations 
involved, is absolutely impossible in the quantitative 
sense, but there can be no doubt as to the very important 
part played by the Engineering Societies which render a 
service not rendered by any other type of organization. 
The benefits of this service accrue directly or indirectly 


to every individual and to every corporation connected 
with the corresponding industry. In a broader sense 
these benefits accrue also to the nation asawhole. For 
example, any increase in knowledge which makes possible 
the application of welding in a new field or makes appli- 
cations in older fields safer as well as more efficient, means 
more business for both the manufacturer of welding 
equipment and the manufacturer who uses such equip- 
ment, economies for the users of the welded products, 
more demand for electric power, safer risks for insurance 
companies and more opportunities for employment, not 
only of welding operators, but also of welding engineers 
and many others who either are or should be members of 
the AMERICAN WELDING SOCIETY. 


OPPORTUNITIES FOR COOPERATION IN 
THE WELDING INDUSTRY 


With the complexity of modern industry it is necessary 
for people working in the same field to get together, as 
progress can be made best through such cooperative 
effort rather than by individual genius. 


ADVANTAGES TO BE GAINED THROUGH 
MEMBERSHIP IN THE SOCIETY 


The AMERICAN WELDING Society offers (1) An oppor- 
tunity for personal association with the leaders of the 
industry and exchange of information and ideas. (2) 
Means to keep informed on the latest developments in 
the welding field. (3) Opportunity to assist through 
cooperative effort in increasing the knowledge of welding 
and extending its applications. (4) Assistance in the 
development and use of codes and standards. (5) An 
opportunity through cooperative action to secure ma 
terial benefits at a minimum cost. 


SCOPE OF SOCIETY ACTIVITIES 


Some of the aims of the Society may be briefly sum 
marized as follows: 

1. To collect and make available authentic and up 
to-date information on welding and cutting. and to be 
recognized as the authoritative source of such informa- 
tion by manufacturers in the welding field, users of the 
process, engineering societies and legislative bodies. 

2. To provide a means for the interchange of know!- 
edge and experience to aid in the solution of the problems 
of the welding art—technical, ethical and commercial- 
through cooperative effort. 

3. To be the agent of the industry in cooperative re 
search on important technical problems, and to serve as 4 
common spokesman of the industry in matters pertaining 
to its welfare. 

4. To provide opportunities for social intercourse, and 
thus to promote a better understanding among manuiac 
turers, users and scientists in the welding field, and t 
foster a spirit of cooperation for the common good. 

5. To encourage the development of welding throug! 
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improvements in present applications and expansion of 
its uses into new fields, and to develop technical and 
ethical standards for the welding industry. 


THE PART THE SOCIETY PLAYS 


[t would probably be impossible to give a detailed pic- 
ture of all the ramifications of the Society activities in 
connection with our war production program and the 
welding industry generally. A few of them are given 
below by way of illustration. 


STANDARDIZATION 


Everyone recognizes that standardization and quality 
mass production are almost synonymous. It is in this 
line of activity that the AMERICAN WELDING SOCIETY 
has been extremely helpful to war production and in- 
dustry in general. Its codes and standards are univer- 
sally accepted as authoritative. In many instances, the 
AMERICAN WELDING Soctety has found it desirable to 
cooperate with many other organizations and govern- 
mental departments. Elsewhere in this Year Book there 
is given an account of existing codes and current stand- 
ardization activities. 


PUBLICATIONS 


Probably the greatest single activity of the Society 
that is universally appreciated are the various publica- 
tions of the Society, among which may be mentioned 
THe WELDING JOURNAL, the Welding Handbook, the vari- 
ous codes and specifications, and the book on Welding 
Metallurgy. 


THE WELDING JOURNAL 


This publication is conceded to be the world’s leading 
engineering and scientific magazine devoted to welding. 
Almost every issue contains enough information to be 
worth the entire cost of membership in the Society for a 
year. The JOURNAL is divided roughly into four parts. 
The first portion contains up-to-date engineering papers 
on every phase of welding. These papers are submitted 
before local Sections of the Society, the Annual Meeting, 
or are sent directly to the Society for publication. The 
second portion includes news items of the industry, 
AMERICAN WELDING Society, Section Activities, Em- 
ployment Service Bulletin, New Products, men of the 
industry, and a host of other items of a similar nature. 
The third section is devoted to advertising. Most of the 
leading companies make their first announcement of im- 
provements of their products through advertising in 
THE WELDING JouRNAL. The fourth section is really a 
magazine in itself, although it is published as a Supple- 
ment to THE WELDING JOURNAL. It contains the re- 
ports of the Welding Research Committee, representing 
an annual expenditure of the order of a quarter of a mil- 
lion dollars. No one vitally interested in welding can 
afford to do without this source of information. The 
JOURNAL is published monthly and distributed to all 
members of the Society without further charge. Each 
year a Subject and Authors’ Index is prepared. 

The various issues of the JouRNAL for a single year con- 
tain a veritable encyclopedia of up-to-date information 
on welding 

The Society also publishes a Membership Directory 
giving the names and addresses of all members. 


AMERICAN WELDING SOCIETY ACTIVITIES 


Non-member subscription rates are $5.00 a year in the 
United States; $7.00 elsewhere. 


WELDING HANDBOOK 


The Welding Handbook is published about once every 
four years by the Society. The new edition appeared in 
July 1942. This comprehensive book of 1600 pages 
represents the combined knowledge of three hundred 
of the ablest welding talent in this country Every 
chapter was carefully planned and prepared by a com 
mittee of experts. Every phase of welding and cutting 
and allied processes are covered. 

A copy of the book is made available free to members 
in the Sustaining Member and Member grades and at a 
special reduced price of $4.00 to the other grades. Extra 
copies to members in all classes available at $5.00 The 
price of the book to non-members is $6.00 in the United 
States and $6.50 elsewhere. 


CODES AND STANDARDS 


The Society has in existence a dozen or more codes and 
standards which are accepted as authoritative through- 
out the world. Additional codes have been prepared in 
conjunction with other bodies. Many of these codes are 
made mandatory by legislative action or by the require- 
ments of governmental departments and others. All of 
these codes are available at nominal prices. They are 
usually published first in THE WELDING JOURNAL 


WELDING METALLURGY 


This comprehensive book of 359 pages represents a se- 
ries of lectures presented over a two-year period by the 
New York Section of the Society in conjunction with 
Brooklyn Polytechnic Institute. It is prepared by two 
of the leading metallurgical authorities—Prof. O. H 
Henry and Dr. G. E. Claussen. 


NATIONAL AND SECTION MEETINGS 


The Annual Meeting of the Society is held in the fall in 
connection with the National Metal Congress and Expo- 
sition, at which the latest developments in welding 
equipment, materials and applications are exhibited and 
demonstrated. Some fifty or sixty papers are presented 
at these Annual Meetings and include some of the out- 
standing achievements in research and applications made 
during the year. A Pacific Coast District meeting is 
held every other year in which several of the Pacific 
Coast Sections cooperate in the presentation of technical 
papers at a three- or four-day session, in connection with 
the Western Metal Congress. During the year there are 
usually several important conferences held in different 
parts of the country, representing the combined efforts 
of several Sections or localities. All of these papers are 
generally available through publication in THe WELDING 
JOURNAL. Sections of the Society hold monthly meet 
ings in season. 


EDUCATIONAL EFFORTS 


The AMERICAN WELDING SOCIETY is a vital growing 
force in the educational work in the welding industry. 
Its research efforts serve to acquaint college professors 
and students with the advance and possibilities of weld- 
ing and the training of engineering and research talent, 
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which is badly needed by the welding industry. The lec- 
ture courses of many of the Sections have served to sup- 
plement the training of engineers in all branches with the 
rudiments of welding so that they may apply welding in 
their own work. These courses have also helped the 
operator and the supervisor. 

Special symposiums, conferences and papers in THE 
WELDING JOURNAL are designed to make available latest 
advances and methods for the training of operators. 
Reference is also made to the work of the Society in rais- 
ing the standard of level of training in vocational schools. 
These activities are described in greater detail under the 
technical work of the Society. 

Qualification procedures for operators as promulgated 
by the Society are universally accepted. In addition, the 
general activities of the Society in its Section meetings, 
national meetings and publications, have been a vital 
force in the dissemination of knowledge. 


RESEARCH 


Anticipating national defense -needs, the Society 
through its Welding Research Committee, created an or- 
ganizational machine for making available the leading 
scientific and engineering talent in the universities of 
this country and in private and governmental labora- 
tories. At the same time the facilities of these labora- 
tories were geared up to take on needed research work. 
Small wonder then that the government has already 
utilized the results and findings of the Welding Research 
Committee and is now actively directing more than half 
of its projects. Practically half of the two hundred 
thousand dollars annual research program is now fi- 
nanced by various governmental agencies. 

All of this work is made available to the members of 
the Society through the publication of the Research 
Supplement in the monthly JouRNAL. 


LOCAL SECTIONS 


For the purpose of more effectively carrying out the 
aims of the Society and for the convenience of the mem- 
bers, the Society has provided for the organization of 
Sections. More than forty of these Sections have been 
established in centers of industrial activity and provision 
is made whereby twenty-five members by conforming to 
certain requirements can inaugurate a new Section. 
These Sections are mutually helpful and also helpful to 
the national organization. Some Sections, in addition 
to their regular monthly meetings in season, have ar- 
ranged for special lecture course, inspection trips and 
other events of mutual interest. Thus there are brought 
within reach of all who desire to avail themselves thereof 
opportunities for hearing, discussing and presenting 
various papers relating to the immediate work of the in- 
dividual relative to welding and all the advantages 
readily recognizable in association with the ablest engi- 
neers in the profession. 


SOCIETY EMBLEMS 


These emblems are available in two sizes—'/, inch 
square and '/, inch square. The prices in both cases are 
as follows: 

Price per pin to Retail price 
Sections in lots per pin to 


of 10 or more Members 
Gold-plated emblem with screw back 30¢ 40¢ 
attachment 
or emblem with safety lock 35¢ 50¢ 
catc 
8K. gold, with screw back attachment 2.00 $2.50 
8K gold, with safety lock catch $2.05 $2.55 
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AMERICAN WELDING SOCIETY ACTIVITIES 


EMPLOYMENT SERVICE 


Although the Society does not maintain a special em- 
ployment service it does assist both employers who are 
seeking welding talent, and welding experts who are seek- 
ing positions, through publication of suitable notices jn 
THE WELDING JOURNAL. This service is given without 
charge to either the employer or the member. 


MEDALS AND AWARDS 


Elsewhere in this issue there is given a complete de- 
scription of medals and prizes. The Samuel Wylie 
Miller Memorial Medal Award is given for meritorious 
achievement contributing conspicuously to the advance- 
ments of the art of welding and cutting. The Lincoln 
Gold Medal is given for the best paper which represents 
an original contribution to the advancement and use of 
welding published in the JouRNAL during the year and 
presented at a Section or National meeting. 

The Society also acts as judge for special prize awards 
for the best Resistance Welding papers. 


MEMBERSHIP CERTIFICATE 


Each member* of the Society is privileged to display, 
in office or shop, the certificate. The certificate states 
that the individual or company is a member of the 
AMERICAN WELDING SocieTy—an organization devoted 
to the advancement of the science and art of welding. 


HEADQUARTERS 


The Society has its headquarters in the Engineering 
Societies Building, 25-33 West 39th Street, New York. 
This is also the headquarters of the major engineering 
societies of the country. 


CLASSES OF MEMBERSHIP 


Sustaining Members.—A Sustaining Member shall be 
an individual delegated by a corporation, firm or part- 
nership interested in the science and art of welding, with 
full rights of membership. 


Members.—A Member shall be an individual not less 
than 23 years of age who shall have been for at least three 
years engaged in work having a direct bearing on the art 
and science of welding and shall have made seme contri- 
bution to the science and art of welding with full rights of 
membership. Corporate members in good standing of 
any major engineering society are eligible. 

Associate Members.—An Associate Member shall be an 
individual interested in the science and art of welding 
with rights to vote but not to hold office except in Sec- 


tions as may be provided for by the By-Laws of the 
Section. 


$10.00 


Operating Members.—An operating member shall be 
an individual who, by occupation, is an operator of weld- 


* Except operating and student members. 


: 
3 
| 
st 
ti 
a th 
PAN | 
| 
hy 
ag 
Wed 
| 
| 
| in 
it 
| 
| 
| 


1g 


be 
t- 


'C- 


ing or cutting equipment, without the right to vote or 
to hold office excepting in the Section as may be provided 
for by the By-Laws of the Section. Beginning October 
1, 1938, no Operating Member may continue in this 
status for more than a total period of 2 years (consecu- 
tive or otherwise). At the end of the two year period, 
the Operating Member shall automatically be moved up 
to the ‘‘Associate”’ grade. 

Resident Operating Members are those residing in the 
United States, Canada or Mexico. Foreign Operating 
Members are those outside of the United States, Canada 
or Mexico. 


Annual dues, United States and Canada.... $5.00 


Honorary Members.—An Honorary Member shall be an 
individual with full rights of membership. Honorary 
Members shall be persons of acknowledged eminence 
in the welding profession, or who may be accredited with 
exceptional accomplishments in the development of the 
welding art upon whom the AMERICAN WELDING SOCIETY 
may see fit to confer an honorary distinction. 

Student Members——A Student Member shall be an 
individual who is actually in attendance at a recognized 
college or university, taking a course leading to a degree, 
without the right to vote or to hold office excepting in 
Section as may be provided for by the By-Laws of the 
Section. At the termination of fiscal year of status as a 
student, affiliation as “Student Member” shall cease. 


CLASSIFICATION OF MEMBERS INTERESTED 
IN AMERICAN WELDING SOCIETY 


1. Engineers interested in metals, their fabrication, 
maintenance of plant equipment, or designers who 
must specify materials, sizes and must know unit 
strengths of various types of joints for various appli- 
cations. 

2. Production men concerned with lowering costs, im- 
provement of products or speeding up time sched- 
ules. 

3. Purchasing agents interested in the purchase of the 
best materials with due consideration to cost and 
other factors. 

4. Draftsmen who need to know the latest symbols, 
types of welding and methods which are applicable 
to their work. 

5. Presidents of companies concerned with broad eco- 
nomic and technical developments which may affect 
the operations of their companies. 

6. Foremen and welders concerned with the best pro- 

cedures, methods, techniques and latest develop- 

ments in the art of welding. 

Professors and students who desire fundamental 

training and knowledge in engineering principles 

and recent developments in welding which may af- 
fect design construction or production operations. 

8. Research men desiring to keep abreast of the latest 
developments in science, metallurgy and other prac- 
tical applications. 

9. Inspectors whose duty it is to see that proper weld- 
ing procedures are followed by qualified welders and 
in accordance with specifications. 

10. Contractors interested in having accurate knowl- 
edge as to lowering costs of construction, safety, 
best materials and procedures and information as to 
codes, standards and specifications. 


“J 


Map Showing Distribution of Sections of A. W. S.” 
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* San Joaquin Section since disbanded. 


AMERICAN WELDING SOCIETY ACTIVITIES 
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Summary of Activities, American Welding 


Twenty-three years ago, the AMERICAN 
WELDING Society had its beginning as the 
outgrowth of a movement by the Emer- 
gency Fleet Corporation to speed up 
production of ships for World War I. 
The specific action was the appointment 
of a Welding Committee—that committee 
resolved itself into the AMERICAN WELD- 
ING SocieTy—organized immediately after 
the war, developed during the intervening 
years as a useful implement of peacetime 
industry and now matured to a point 
where its organization, research and 
standardization facilities and literature 
are focused on winning World War II. 
As specific examples of the kind of aid 
being given by the Socrery to the war in- 
dustries, the following might be cited: 

Publication of the second edition of the 
Welding Handbook to meet the vital need 
for up-to-date welding information on the 
part of those engaged in war production; 
establishment of Minimum Requirements 
for Instruction of Welding Operators. A 
system of certifying schools training weld- 
ing operators has been set up through the 
state educational departments. Only 
schools meeting these requirements are 
eligible to obtain filler metal materials. 
Lists of accredited schools are on file in the 
state educational departments through 
which information on the placement of 
trainees can be obtained. Recommended 
Practices for Inspection of Fusion Welding 
performs a like service in guiding in- 
spectors in the performance of their work, 
and the Tentative Standards of Recom 
mended Practices and Procedures for 
Welding of Aluminum Alloys have been 
prepared in an attempt to assist fabri- 
eators of aircraft and aircraft parts in 
adapting and using the spot-welding proc- 
ess as a speed-up in production. Special 
rules to govern the preparation of war 
standards have been put into operation 
whereby established committee organiza- 
tions can be utilized to execute commis- 
sions of official government bureaus or 
agencies. Such committee reports are 
promulgated through THe WELDING JouR- 
NAL, and in separate pamphlet form as 
war standards, or are left in the hands of 
the government bureaus concerned, which 
ever the bureau shall dictate. Where 
investigation has shown that welding 
advisory service would serve a_ useful 
purpose, our local sections have offered 
their services. The editorial content of 
THe WELDING JOURNAL and the program 
of the 1942 Annual Meeting have been 
attuned to the needs of war production, 
and, in fact, every resource of the AMERI- 
CAN WELDING Soctrery is being directed 
to accelerate the war effort and to estab- 
lish standards that mean dependability 
in equipment. The Welding Research 


Society 


By M. M. Kelly, Secretary 


Committee, through the wise anticipation 
of the needs of our government, has saved 
many months of precious time in initiating 
investigations on weldability and stresses 
which work is now being continued at an 
accelerated pace under government con- 
trol. More detailed accounts of these 
activities are given elsewhere in this report. 


Meetings of the Board of Directors 


Three meetings of the Board of Direc- 
tors have been held; one in Philadelphia 
and two in New York, the latter being 
joint meetings with the Executive Com- 
mittee of the Society. In addition, the 
Executive Committee has held two meet- 
ings in New York. Among the matters 
considered, in addition to those relating 
to the war effort mentioned above, were 
the appointment of committees to investi- 
gate the desirability of redistricting the 
Society, consolidating the grades of mem- 
bership, and revising our present member- 
ship application form; authorization for 
changes in the organizational setup of the 
Society which advanced the Assistant 
Technical Secretary to Technical Secre- 
tary and permits the former Technical 
Secretary more time to devote to the 
management and editing of the JouRNAL 
and to welding research activities; con- 
sideration of by-laws and the establish- 
ments of policies to increase the efficiency 
and usefulness of the Society to members 
and industry. 


Membership and Sections 


For the first time in its history, the 
Society has passed the 5000 mark in 
number of members. For the year ending 
September Ist, this represents a net in- 
crease of 540, or about 11.9%. The re- 
spective increases in the classes are 3 
Sustaining Members, 140 Members, 364 
Associate Members, 29 Operating Mem- 
bers and 4 Student Members. In per- 
centages, this is: Sustaining 3.9%; Mem- 
bers 10.1%; Associate 16.7%; Operating 
3.0%; Student 9.0%. These figures do 
not tell the whole story. If we examine 
the figures relative to the new members 
added and those dropped, we find that 
the greatest turnover is in the Operating 
grade. 702 members were added and 673 
dropped, resulting in a net increase of only 
29 members. Some of the Operating 
Members, because of time limitation, were 
transferred to the Associate grade, ac- 
counting in part for the large increase in 
this classification. For the first time in 
several years, we have a net increase of 3 
in the Sustaining Member grade. 

Those sections which did relatively bet- 
ter in increase of membership than the 
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average of 12% recorded for the Society 
are: 


18% 
36 
Cleveland........... 22 
85 
31 
Los Angeles...... 31 
Milwaukee....... * 19 
24 
Northern New Jersey. 27 
Northern New York..... 98 
Philadelphia. . . 3 34 
Rochester... . 20 
18 
Western New York 37 


The sections having the largest gain in the 
Sustaining Member grade up to Septem- 
ber Ist, are Detroit in first and Phila- 
delphia in second places. During the 
past month, three new Sustaining Mem 
bers have been enrolled by the North 
west Section. 

Membership status as of September | 
1942 is shown beléw: 


A B Cc D E F Tota 
Total member- 
ship, Septem- 


ber 1, 1941 79 1280 2173 968 2 45 4547 
Increase during 


year 7 326 782 702 . 30 1847 
86 1606 2955 1670 2 75 6394 


Decrease during 
year 4 186 418 673 26 1307 


Total member- 
ship, Septem- 


ber 1, 1942 82 1420 2537 997 2 49 5087 
Net changes dur- 
ing year 3 140 364 29 4 54 


Two new membership mailing pieces 
were produced during the year; the two 
page leaflet which was included with mail 
ings of manufacturers in their direct mail 
campaigns and the other, a more elaborate 
folder, designed to imterest engineers, 
executives, and men of this caliber. This 
booklet was used in membership drives 
conducted from headquarters and was 
distributed through the sections. Effort 
was made to confine distribution of this 
booklet to prospective members in the 
Sustaining and Member grades and th« 
response* was most gratifying. 

The Society has had during the year 
the advantage of splendid monthly full 
page coverage in the three welding publi- 
cations. As these ads were keyed, we 
were able to credit them with the very 
widespread response they secured. For 
the preparation of these ads and the con 
tribution of space, we are indebted to the 
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Membership Chairman, the Welding En- 

gineer and Industry and Welding. 

To spur the sections on to greater 
membership activity, THE WELDING JouR- 
NAL carried monthly news items on section 
membership increases, crediting the sec- 
tions in the lead. At the halfway mark in 
the year, the Membership Chairman 
addressed his committee in an attempt 
to increase effort for the balance of the 
year toward a membership gain compar- 
able to the wide expansion of welding. 

The activities of our 40 sections can be 
enumerated under the headings of Techni- 
cal Meetings, Educational Lecture Courses, 
and war production advisory service. 
Through the District chairmen, these 
activities, in some instance, have been 
coordinated. 

Most of the sections this past season 
have held outstanding technical meetings 
from the standpoint of interest and at- 
tendance. A greater number than other 
years have conducted successful lecture 
courses and several have cooperated with 
the universities in their localities in the 
preparation and conduct of national 
engineering defense training programs in 
welding. A majority of the larger sections 
have offered advisory service to War Pro- 
duction Board Committees on welding 
programs, and consultation service to 
small industries in their territory. ‘‘In- 
formation Please’’ series, and clinics on 
welding, consisting of discussions, demon- 
strations and inspection have supple- 
mented the regular technical meeting. 
Many of the sections have held joint 
sessions with other engineering societies. 
Others are sponsoring or participating 
in meetings of the Coordinated Engineer- 
ing Societies. 

On the social side, the sections have 
indulged in dinner dances, Christmas 
parties, stag smokers, bowling parties 
and outings. 

Brief mention is here made of the out- 
standing activities of the various sections 
in addition to their regular technical 
meetings. 

Birmingham—War activities handled 
through individual members or com- 
panies with which they are connected. 

Boston—New England Welding Con- 
ference. 

Chicago—Participation in the Chicago 
Technical Societies’ Defense Committee 
in solving welding problems of W.P.B. 

Chattanooga—In cooperation with the 
Combustion Engineering Co. prepared 
special course on welding metallurgy 
given at University of Tennessee 

Cleveland—Cooperation with the engi- 
neering defense training program in 
welding being given at Case School of 
Applied Science; appointment of panel 
of experts to serve industry on war 
production problems; annual dinner 
and all-day conference. 

Columbus—Cooperation with local war 
production A.S.M. Committee in solving 
welding problems. 

Connecticut—Assistance in organizing the 
War Production Engineering Conference 
in Bridgeport; annual dinner. 

Detroit—cooperation with local war pro- 
duction A.S.M. Committee on welding 
problems; specialized effort, through 
meetings, publicity and personal contact, 


has been put into enlisting the interest 
of automotive and aircraft industrialists 
in the A.W.S. activities; second annual 
dinner dance. 

Los Angeles—Offer of assistance on war 
production problems; Christmas party. 

Maryland—Special lecture course planned 
for the coming season. 

Milwaukee—Stands ready to _ assist 
government agencies on war production 
problems; annual dinner dance. 

New York—Lecture course on modern 
welding practice based on chapters of the 
second edition of the Welding Handbook. 
Establishment of Question and Answer 
period preceding each meeting. Co- 
operation with national headquarters 
in offering assistance to government 
agencies on war production welding 
problems. 

Northern New Jersey—Annual meeting, 
buffet supper and fall outing. Assist- 
ance on arrangements for W.P.B. 
forum on welding held in Newark. 

Northern New York—Cooperation in 
engineering science and management 
defense training project at Union 
College. Sponsor of meeting on welding 
of Coordinated Engineering Societies. 
Offer of consultation service to small in- 
dustries in territory. Smoker with 
entertainment at the opening of the 
season and dinner to close the season. 

Northwest—Clinic on welding, consisting 
of demonstrations and discussions and 
inspection. 

Oklahoma City—Appointment of ad- 
visory panel consisting of men special- 
izing in the various fields of welding to 
render aid, offer suggestions or outline 
procedures for individuals, firms and 
government agencies now engaged in 
defense work. This appointment is to 
augment the information which the 
section made available from the Car- 
negie Library in Oklahoma City. 

Peoria—Appointment of advisory panel 
on welding to render assistance to 
industry and governmental agencies. 

Philadelphia—Through cooperation of En- 
gineers’ Club Advisory Committee, 
services offered to small industry, need- 
ing assistance on war production welding 
problems. 

Pittsburgh—Fifth Annual Tri-State Weld- 
ing Conference; section stands ready 
to cooperate on war production welding 
problems wherever and whenever 
needed. 

Rochester—Educational courses; offer 
of assistance on welding problems to 
War Production Board, Rochester Ord- 
nance and Chamber of Commerce; 
bowling party. 

St. Louis—Joint meeting with Engineers’ 
Club of St. Louis; annual dinner. 

San Francisco—First portion of every 
meeting set aside for discussion of prob 
lems of vital interest to war produc 
tion; annual stag smoker. 

South Texas—Educational course on 
welding metallurgy; practically entire 
personnel of section is occupied in 
essential war production. All working 
together for that end. 

Washington-——Cooperation with George 
Washington University in conducting 
welding engineering courses and special 
design and metallurgy in welding; 
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annual dinner 

Western New York—War production 
activity consists of assisting vocational 
schools with training courses and rec 
ommendations for instructors teaching 
courses. 


The fourth Annual Section Conference 
was very well attended and provided, as 
usual, an opportunity for the officers of 
sections from all parts of the country to 
become acquainted and discuss problems 
of common interest. Valuable ideas were 
exchanged which resulted in recommenda- 
tions for changes in membership classi- 
fications, application form and the re- 
districting of the Society. These matters 
are being carefully studied by special 
committees. 


Educational Activities 


The committee's energies were centered 
in determining more specifically, (1) 
requirements for a welding engineer, and 
(2) the need for the establishment of 
student branches. In the first instance, 
a comprehensive questionnaire was pre- 
pared by a special committee and sent 
to a sizable list of engineers throughout 
the country. The consensus obtained 
through this circularization was reported 
by the committee. It was decided that 
the information obtained from the ques- 
tionnaire should be published in the form 
of an article in THe WeLDING JOURNAL 
for the benefit of engineering schools 
desiring to fnclude welding in their 
curriculum. 

In the latter case, questionnaire pre- 
pared by a special committee was sent to 
the members of the Educational Com- 
mittee. Summarized, the consensus was 
that provision should be made for student 
branches in those institutions specializing 
to some extent in welding engineering 
where the faculty representatives in 
question feel that a student branch would 
be helpful and successful; that the present 
dues of student membership ($2.50) 
should be maintained and that the stu- 
dent member should receive for his dues 
THE WELDING JoURNAL for the school 
year and the privilege of purchasing the 
Welding Handbook at a reduced price 


Publications 


The Publications Committee held one 
meeting during the year at which consid- 
eration was given to the development of an 
editorial page and other improvements in 
the appearance of THE WELDING JOURNAI 

In the main portion of THe WELDING 
JOURNAL, devoted to technical articles, 
standards, news items, current welding 
literature and advertising, 891 pages were 
published. An additional 608 pages were 
published in the Supplement devoted 
exclusively to reports of the Welding 
Research Committee, critical digests of 
the world’s literature on specific subjects, 
reports coming from the universities, 
governmental and corporate laboratories, 
and abstracts of important researches 
conducted abroad. The Year Book, issued 
in December, as Section 2 of Tue Wetp- 
ING JOURNAL and containing a résumé of 
the Society’s activities, Annual Report of 
the Welding Research Committee, Con 
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stitution and By-Laws of the Socrery, as 
well as an alphabetical and geographical 
list of members, added another 124 pages, 
making a grand total of 1624 pages pub- 
lished in THe WELDING JOURNAL during 
the year. As expressed at its meeting, the 
Publication Committee believes THE 
WELDING JoURNAL to be the world’s out- 
standing scientific and engineering maga- 
zine devoted to welding. 


Welding Handbook 


The long-heralded second edition of the 
Welding Handbook was made available to 
members of the Society, educational in- 
stitutions and others in July 1942. Itisa 
1600-page book and contains reliable up- 
to-date information on the subject of 
welding, prepared by outstanding authori- 
ties in each field covered. 

The demand for the book from all parts 
of this country and abroad shows every 
sign of outstripping its predecessor in 
circulation. Our thanks are extended to 
the Editorial Committee, authors and re- 
viewers of articles who have given so gen- 
erously of their time to the preparation 
of this volume. 


Awards 


The following selections have been made 
by the Committee on Awards: 

1940 Samuel Wylie Miller Memorial 

Medal 

H. C. Boardman for his contribution 
to research, standardization and 
advancement of welded construc- 
tion. 

1941 Lincoln Gold Medal 

G. A. Ellinger, A. G. Bissell, M. L. 
Williams for their paper entitled 
“The Tee-Bend Test to Compare 
the Welding Quality of Steels” 
presented at the 1941 Annual 
Meeting and published in the Sup- 
plement to the March 1942 We 
ING JOURNAL 

The judges of award of the R.W.M.A. 

1942 prize contest have selected as this 

year’s winners the following: 

First prize: Mr. J. H. Cooper, Taylor- 
Winfield Corporation, Warren, Ohio— 
“The Electrical Characteristics of Re- 
sistance Welders, and the Proximity 
Effect of Work Materials.”’ 

Second prize: Messrs. F. R. Hensel, E. I. 
Larsen and E. F. Holt, P. R. Mallory 
& Co., Indianapolis, Ind.—‘‘Thermal 
Gradients in Spot Welding Electrodes.” 

Third prize: Mr. R. P. Della-Vedowa, 
Lockheed Aircraft Corporation—*Prog- 
ress Report on the Use of Flash Weld- 
ing as a Means of Fabricating Aircraft 
Structural Parts from X-4130 Steel.” 

Fourth prize: Mr. L. G. Levoy, General 
Electric Company—‘‘Voltage Variation 
Tolerancefor A.-C. Resistance Welding.” 

Fifth prize: Messrs. G. S. Mikhalapov 
and T. F. Falls—“Structural and Metal- 
lurgical Properties of Condenser Dis- 
charge Spot Welds.” 

Sixth prize: Messrs. A. M. Unger, H. A. 
Matis and E. P. Gruca, Pullman Stand- 
ard Car Manufacturing Co.—*‘ Behavior 
of Spotwelds Under Fatigue Stresses.” 

Finances 


The Finance Committee relishes the 
opportunity of reporting the Society in a 
sound, healthy financial condition. Three 


meetings of the committee have been held 
and the business transacted provided in- 
creased office rental to allow for enlarged 
space of office headquarters on the 6th 
floor of the Engineering Societies Building; 
increases in salary of staff in recognition of 
services rendered; establishment of a re- 
tirement system for Society employees; 
advancement of $2000 toward getting 
started work of the Aircraft Welding 
Standards Committee project; transfer of 
six St. Louis and San Francisco Railway 
$1000 bonds, 4’s 1950, which had a value 
at that time of about $825 total, from the 
Society’s account to its permanent reserve 
fund account and the placement of these 
bonds in the Permanent Fund Committee 
safe deposit box; transfer of over $8000 
—surplus income for year ended September 
30, 1942—from the Society’s regular fund 
to its permanent reserve fund. 

The financial report for the 11 months 
ended August 31, 1942, shows a better- 
ment of actual operations over budget of 
approximately $5268.17 and a net excess 
of income over expense in the amount of 
$7045.08. Our cash balance on August 31. 
1942, was $19,257.92 against last year’s 
$12,877.58. 

The Committee on Permanent Funds 
has, during the past year, invested $1110 
in three Victory Bonds, Series “‘F,”’ pur- 
chased at $370 each. These bonds will 
mature to $500 each in twelve years. 

On recommendation of the committee, 
an amendment of the By-Laws was ef- 
fected whereby the Treasurer of the So- 
ciety has been made a member of the Per- 
manent Fund Committee. 

Complete financial report including 
statements of income and expenses for 
the year ended September 30, 1942, assets 
and liabilities and consolidated resources 
of the Society as of that date will be pub- 
lished in the Year Book. 

The Finance Committee has given con- 
sideration to the effect on the Society’s 
revenue of consolidating or reducing the 
number of grades of membership at this 
time and will submit its findings to the 
Section Advisory Committee for study 
within the next few weeks. 


By-Laws 

In addition to the By-Law amendment 
referred to above in the section on Finance, 
the following amendments have become 
effective during the past year: 


Modifications governing membership 
dues payment, duties of Committee on 
Outline of Work, provision for Tech- 
nical Committees, Section Advisory 
Committee and honorary directors; 
discontinuance of Meetings and Pa- 
pers Committee and its replacement 
by two independent committees, one 
on Program and the other on Publica- 
tion; and an addition stipulating the 
duties of the District Vice-Presidents. 


Proposal for an addition to the By- 
Laws, providing that the Board of Direc- 
tors define the bounds of sections, is 
being formulated by the Committee on 
By-Laws and in due course it will be sub- 
mitted to the Section Advisory Committee 
for consideration. 

During the year, ruling was established 
by the Board of Directors whereby amend- 


ments are published in THe WeE.Lpinc 
JourNAL for consideration by the member- 
ship 30 days prior to their submittal to 
the voting membership. The purpose is to 
provide adequate opportunity for study 
before the By-Laws are submitted for vote. 


Public Relations 


During the year, several communica- 
tions addressed to the AMERICAN WELDING 
Society have been referred to the Public 
Relations Committee. All of them had to 
do in substance with requests for the Society 
to express opinions or involve itself in one 
way or another in matters having to do 


_ with unions of welding operators, and con- 


troversies between welding operators and 
various other craft unions. This general 
problem received thorough consideration 
of the committee with the result that the 
committee recommended from now on that 
the policy of the Society should be not to 
render opinions on questions relating to 
labor organizations nor enter into any 
controversy that affects these questions. 
This recommended policy was subse- 
quently approved by a vote of the Execu- 
tive Committee and Board of Directors. 
Such questions as have been received by 
the Society since the adoption of the 
above-mentioned policy have been han- 
dled in line with it. 


Meetings 


The registered attendance of the 22nd 
Annual Meeting of the Society held in 
Philadelphia was 1723, a trifle short of the 
mark set by Cleveland the previous year. 
Attendance at the annual banquet of the 
Society was over 500; some 63 papers were 
presented at 18 technical sessions. Sev- 
eral dozen committee meetings of one kind 
or another were held. There were a 
number of round-table conferences and 
discussions on industrial and fundamental 
research and education. The social side 
of the meeting was most successful, in- 
cluding the President’s Reception, a varied 
program of entertainment for the ladies, 
and the climax, the annual banquet, which 
was admirably planned and executed 
For this outstanding affair, the Conven- 
tion, Program, Manufacturers and Pub- 
licity Committees, and the Philadelphia 
Section Officers and members deserve 
congratulations. 

The Manufacturers Committee con 
sidered the problem presented in holding 
the 1942 National Metal Exposition under 
war conditions and made recommendation 
that the AMERICAN WELDING SOCIETY not 
participate this year. Acting on its recom- 
mendation, the Annual Meeting of the 
Society was shortened to a four-day pro- 
gram. Upon recommendation of the Con- 
vention Committee, the Hotel Cleveland 
was selected as Society headquarters 
The meeting details are being handled by 
the Convention Committee with the able 
assistance of the Program and Publicity 
Committees and the local committees in 
Cleveland. The Manufacturers Commit- 
tee has cooperated in matters for the tech- 
nical sessions, attempting to keep in mind 
the main objectives of the WELDING So- 
ciety. Some 53 papers have been sched 
uled, all closely connected with the war 
effort. These are divided among 15 tech- 
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nical sessions. The program includes the 
awarding of medals and prizes and the 
usual business and technical committee 
meetings and conferences. No entertain- 
ment has been planned. 


Publicity 

Curtailment of funds for annual meeting 
publicity has necessitated the concentra- 
tion of expenditures on fewer items. The 
chairman of the Publicity Committee has 
prepared advance news releases for the 
trade and technical press, summarizing 
the Annual Meeting Program. Letter 
accompanying the final Tentative Program 
was sent to approximately 500 executiv<s 
of manufacturing concerns within a 500- 
mile radius of Cleveland. This letter with 
final program, it was hoped, would do the 
job formerly performed by the Annual 
Meeting posters. Abstracts of technical 
papers have been prepared by the editor 
and furnished to the Publicity Committee 
Chairman for distribution to the press. 
Special stories in connection with the 
medal awards, personalities and such were 
prepared for both trade journals and the 
local newspapers. 


Admission to Membership 


The activities of this committee have 
been confined to action on proposal for 
new membership application form whereby 
the committee reported a majority in favor 
of the letter-sized application form. The 
report of the committee has been approved 
by the Membership Committee and is now 
being considered by the Section Advisory 
Committee. 


Section Advisory Committee 


Although a number of matters have 
been referred to the committee, due to the 
inaccessibility of the chairman, these 
matters have not yet been acted on. It is 
hoped, however, to clear up most of them 
at the coming Annual Section Conference. 


Resistance Welding Advisory Committee 


This committee held one meeting and 
offered recommendations for the further- 
ance of educational, standardization and 
program activities in the resistance weld- 
ing field. The recommendations were 


Report of Committee on Outline of Work 


Beginning with the present fiscal year, 
the membership of the Committee on 
Outline of Work has been composed of the 
chairmen of all of the Society’s technical 
committees, together with three members- 
at-large appointed by the President. The 
technical committees of the Society have 
worked diligently during the year, and 
have made noteworthy accomplishments. 


passed on to the specific committees of the 
Society with the result that a subcommit- 
tee on resistance welding of the Educa- 
tional Committee was appointed to study 
the educational field. It was believed that 
the Resistance Welding Standards Com- 
mittee should investigate the need for 
further activity in the standardization 
field and that representatives of the re- 
sistance welding industry on the Program 
Committee would insure getting on the 
Annual Meeting Program the best avail- 
able papers. 


Automotive and Aircraft Advisory Com- 
mittees 


Although not yet made by the Presi- 
dent, authorization has been granted by 
the Board of Directors for the appointment 
of an Automotive Advisory Welding Com- 
mittee and an Aircraft Welding Advisory 
Committee. Consideration is being given 
to the personnel of these two committees. 


Codes of Principles of Conduct 


This committee finds itself in the fortu- 
nate position of not having to function dur- 
ing the year. 


Visits of President, Technical Secretary and 

Secretary 

The President's visits this year were 
confined to the Western New York and 
Columbus Sections, he having visited most 
of the Sections during his first year’s ad- 
ministration. The Fifth Annual Tri- 
State Conference in Pittsburgh and the 
Annual Meeting of the Washington Sec- 
tion were attended by the Technical Secre- 
tary. The National Secretary visited 
with the Maryland Section at one of its 
Executive Committee meetings at which 
was present also the Middle Eastern Dis- 
trict Vice-President. In addition, she 
attended the Second Annual Dinner 
Dance of the Detroit Section and visited 
with the Cleveland Section in connection 
with convention matters. 


Employment Service 

For the benefit of the Society member- 
ship and welding industry, a column in 
THE WELDING JOURNAL is devoted each 
month to Positions Vacant and Services 
Available. We are able to include only 
those coming to the attention of Head- 
quarters. We shall be glad to have more 


By R. W. CLarK, Chairman 


As evidence of this progress, it may be re- 
ported that more technical committee re- 
ports were approved and published than 
in any previous year of the Society’s 
history. 

With the entrance of the nation into the 
war, the Committee on Outline of Work 
devoted its efforts to seeing that the So- 
ciety’s technical resources contributed as 


of the members of the Society take ad- 
vantage of this service 


Welding Research 


About two years ago when it became 
evident that the United States must in- 
evitably be dragged into the conflict, 
the Welding Research Committee began 
to organize its activities with the definite 
thought in mind of solving the many im- 
portant welding problems that would be 
raised in connection with the war effort. 
It is difficult to appraise the importance 
of this head start 

For example, the Literature Division 
made available the best existing knowledge 
on European methods of welding armor 
plate, and other alloy steels used in the 
war effort, as well as the effect of each 
alloying element. 

The Fundamental Research Division, 
realizing that it would be necessary to 
predict the weldability of any new steel, 
and to specify the exact procedure to 
follow in order to get the best results, 
outlined a comprehensive fundamental re- 
search program, and by initiating such a 
program, in spite of serious financial ob- 
stacles, saved at least nine months of pre- 
cious time. 

The Industrial Research Division was 
in a particularly unique position to organ- 
ize new committees, and arranged the 
activities of existing committees to solve 
specific welding problems relating to re- 
sistance welding, aircraft applications, and 
the subjection of welds to dynamic stresses. 

The Welding Research Committee is 
receiving substantial support from nu- 
merous governmental agencies in its re- 
search work. At times it has appeared best 
to some of these departments to take a more 
active hand in the guidance of this work. 
Without hesitation, in such instances, the 

Welding Research Committee has relin- 
quished control and acted in an advisory 
capacity. It will continue to do everything 

in its power to assist in the war effort, 

and to operate in such ways as seem best to 
the controlling governmental agencies. 


Technical Activities 


Activities covered in report of chairman 
of Committee on Outline of Work given 
below: 


fully as possible to the war effort. A policy 
was adopted which called for suspending 
activities having no relation to war needs, 
and devoting all energy to the rapid com- 
pletion of necessary projects and the 
initiation of such new projects as might 
be required by the government. As one 
means of speeding progress the Committee 
organized a spring session of technical 
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committee meetings, which was held in 
New York City on March 24th, 25th and 
26th. 

The committee also studied means of 
simplifying the regulations governing tech- 
nical committees, in order to provide for 
the rapid preparation and issuance of 
standards covering recommended practices 
and procedures vital to the production of 
war materials. As a result of this study, 
the committee formulated a ‘Procedure 
for Preparing and Issuing A.W.S. Emer- 
gency Standards’’ which was put into 
effect on May 7, 1942, by action of the 
Society’s Board of Directors. This special 
shortened procedure applies when requests 
for emergency standards are received from 
government agencies or from fabricators 
of war products. The Society has already 
issued one emergency standard under this 
procedure, namely, ‘‘Tentative Standards 
and Recommended Practices and Pro- 
cedures for Spot Welding Aluminum Al- 
loys.”” In addition one other emergency 
standard, to be entitled ‘‘Tests for Arc 
Welding Properties of Steels,’ is in the 
process of preparation. 

The accomplishments of the Society’s 
technical committees during the past year 
have been noteworthy. A list of the 
standards approved and published during 
that period is given below: 


Definitions of Welding Terms and Mas- 
ter Chart of Welding Processes 

Welding Symbols and Instructions for 
Their Use 

Standard Methods for Mechanical Test- 
ing of Welds 


Rules for Field Welding of Steel Storage 
Tanks (1942 Amendments) 


Code for Arc and Gas Welding in Build- 
ing Construction (Tentative Stand- 
ard) 

Specifications for Iron and Steel Arc 
Welding Electrodes (Tentative Stand- 
ard) 

Specifications for Iron and Steel Gas 
Welding Rods (Tentative Standard) 

Specifications for Aluminum and Alumi- 
num Alloy Metal Arc Welding Elec- 
trodes (Tentative Standard) 

Recommended Practices for Inspection 
of Fusion Welding (Tentative Stand- 
ard) 

Code of Minimum Requirements for 
Instruction of Welding Operators, 
Part A—Are Welding of Steel */i¢ to 
3/, In. Thick (Tentative Standard) 

Standards and Recommended Practices 
and Procedures for Spot Welding 
Aluminum Alloys (Emergency Stand- 
ard) 

Specifications for Stainless Steel Arc- 
Welding Electrodes for Welding Steels 
of High Hardenability (Proposed 
Standard) 

Report of Committee on Pressure Pip 
ing (Published as Chapter 4 of A.S.A 
Code for Pressure Piping) 


It may be pointed out that practically all 
of the above standards represent definite 
contributions of value both to govern- 
ment agencies and to fabricators of war 
products. An example of this utility is 
that the standard for instruction of weld- 
ing operators (in its earlier form) was 
adopted and reprinted by the War Pro 
duction Board for use in connection with 
training programs throughout the nation 

The Society has also been active in par- 


ticipating in the technical work of other 
societies and associations. This coopera 
tive work is performed through representa 
tives officially appointed by the Society 
to serve on some twenty committees of 
other organizations. Most of these com 
mittees have been active during the pas: 
year, and our representatives have co 
operated fully in the work. 

During the past year a number of new 
technical committees have been appointed, 
two of which were organized under the 
joint sponsorship of two societies. A list 
of these newly organized committees js 
shown below: 


Committee on Weldability Tests for 
Steel 

Committee on Arc Welding Standards fo: 
Shop-Erected Low Alloy Steel Strix 
tures Subject to Dynamic Stresses 

Committee on Standard Procedures of 
Welding and Standards for Welded 
Joints 

Aircraft Welding Standards Committe: 

A.W.S.-A.S.T.M. Committee on Filler 
Metal 

A.W.S.-A.W.W.A. Committee on Prepa 
ration of Specifications for Field 
Welding of Water Pipe Joints 


The Committee on Outline of Work 
considers that a satisfactory year of prog 
ress has been made by the technical com 
mittees of the Society. In completing th: 
projects now under way, and in initiating 
new projects to aid the war effort, it is be 
lieved that the Society’s technical com 
mittees can continue to perform a valuable 
service to the welding industry and to the 
nation as a whole. 


Technical Committees of American 
elding Society 


COMMITTEE ON DEFINITIONS AND 
CHART 


R. W. Clark, Chairman 


The present Committee on Definitions 
and Chart was appointed in 1938 and as 
signed the task of revising and bringing 
up to date the welding definitions pre- 
pared by an earlier committee of the So- 
ciety and issued in 1929 under the cap 
tion, “Welding and Cutting Nomencla- 
ture, Definitions and Symbols.’”’” The 
committee completed its initial work in 
1939, and its report was published in 
January 1940 under the title, ‘“Tentative 
Definitions of Weiding Terms and Master 
Chart of Welding Processes.”’ 

During the past year this committee 
completed a, revision of the ‘Tentative 


Definitions of Welding Terms and Master 
Chart of Welding Processes,’’ which had 
been published in January 1940. In the 
process of this revision the report was ad- 
vanced to the status of a full standard 
The new 1942 edition incorporates numer- 
ous improvements over the previous ten- 
tative standard. The terms are now 
grouped under appropriate headings and 
subheadings so that closely related terms 
appear together and their relationships 
may be more readily comprehended. Each 
term is also listed in an alphabetical index 
Another improvement was the formula- 
tion of verbal definitions for a large 
number of terms which had hitherto been 
defined only by reference to a figure. 
Another function of this committee 
has been to encourage the adoption of the 
standard definitions by other committees 


and societies as well as by publishers and 
industrial concerns. As a result of this 
activity the Society’s definitions have 
been adopted in whele or in part by a 
number of other organizations, including 
the American Institute of Electrical Engi 
neers, the American Standards Associa 
tion, the American Petroleum Institute 
and the Resistance Welding Manufac 
turer’s Association 


COMMITTEE ON SYMBOLS 
L. C. Bibber, Chairman 


This committee was originally part of a 
committee on nomenclature, definitions 
and symbols. In 1938 that committee 
was divided into two separate committees, 
namely: the Committee on Definitions 
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and Chart, and the Committee on Sym- 
hols. The scope of activities of the Com- 
mittee on Symbols is the standardization 
of graphical symbols and abbreviations 
for denoting welding information on engi- 
neering drawings. 

During the past year the committee has 
completed a revision of the bulletin, 
Welding Symbols and Instructions for 
[heir Use,’”’ which was approved by the 
Board of Directors on December 11, 1941, 
and published shortly thereafter. This 
bulletin is the latest edition of a standard 
originally published in 1929 and subse- 
quently revised in February 1935, Sep- 
tember 1939, and October 1940. The sym- 
bols themselves as set forth in the present 
edition are the same as those which had 
been used heretofore but the method of 
using them has been improved and clari- 
fied 

Steps have been taken to have the pres- 
ent symbols report adopted as.an Ameri- 
can Standard by the American Standards 
Association. This action is being taken 
through A.S.A. Sectional Committee Z-32. 
The latter committee has approved the 
report unanimously and upon their recom- 
mendation it has been endorsed by the 
American Institute of Electrical Engineers 
and American Society of Mechanical 
Engineers and formally submitted to the 
American Standards Association for adop- 
tion 


COMMITTEE ON BUILDING CODES 
T. R. Higgins, Chairman 


This committee was organized in 1928 
to assist municipal and state code com- 
mittees and building departments in pre- 
paring suitable regulatory specifications 
for fusion welding in fabrication of struc- 
tural steel, piping and tankage in building 
construction. It was intended that the 
committee issue recommendations for 
welding which had proved sound from an 
engineering standpoint and safe in prac- 
tical application, and that it endeavor to 
have modified any unjust restrictions on 
the use of welding and gas cutting in this 
field. In 1930 it was decided that the 
committee's activities should also include 
the preparation of a code for resistance 
welding in building construction. 

The committee prepared and issued its 
first report in 1928, entitled ‘Code for 
Fusion Welding and Gas Cutting in 
Building Construction, Part A—Struc- 
tural Steel.” In the following year the 
committee compiled data on existing 
welded structures and cities which had 
adopted provisions for welding in their 
building codes. These data were pub- 
lished in the January 1930 issue of the 
Society’s JournaL. A second code cov- 
ering resistance welding was completed by 
the committee in 1935 and published un- 
der the title “Code for Resistance Welding 
of Structural Steel in Building Construc- 
tion.” Since that date the committee 
continued to improve its original fusion 
welding code and succeeding editions were 
published in 1935, 1937 and 1941. 

During the past year the most important 
accomplishment of the committee has 
been the completion of the new “Code for 


Are and Gas Welding in Building Con- 


struction.’’ This Code was approved on 
December 11, 1941, asa tentative standard 
of the Society and published shortly there- 
after. To date the Society has received 
only a few minor criticisms of the Code 
The committee nevertheless intends to re- 
study the document in detail, make any 
desirable revisions, and then submit the 
revised code to the Society for adoption 
and advancement to the status of a per- 
manent standard. It is hoped that this 
work will be accomplished in the coming 
year. 

Shortly after the completion of the new 
“Code for Arc and Gas Welding in Build- 
ing Construction,”’ the American Institute 
of Steel Construction issued a ‘‘Specifica- 
tion for the Design, Fabrication and Erec- 
tion of Structural Steel for Buildings by 
Arc and Gas Welding (Tentative),”’ in 
order to provide a complete specification 
in the stated field, comparable, and as 
similar as possible, to the “‘A.1.S.C. Speci- 
fication for the Design, Fabrication and 
Erection of Structural Steel for Buildings 
—Riveted Construction.’’ Major por- 
tions of the Society’s Code have been 
adopted, by inclusion or by reference, in 
the A.I.S.C. Specification. 

The committee has also given considera- 
tion to revising the 1935 “‘Code for Resist- 
ance Welding of Structural Steel in Build- 
ing Construction’. A subcommittee was 
organized for this purpose, but the project 
was subsequently dropped due to circum- 
stances arising from the country’s entrance 
into the war. 

The committee has continued its work 
of cooperating with the Society’s local 
sections and with individual cities in pro- 
moting the adoption of proper provisions 
for welding in municipal building codes. 
As a result of this activity over the past 
several years, more than 250 cities in the 
United States have adopted such provi- 
sions, including such large cities as Pitts- 
burgh, Detroit, Chicago and New York 


FILLER METAL SPECIFICATIONS 
COMMITTEE 


J. H. Deppeler, Chairman 


The assignment of this committee has 
been to prepare needed specifications for 
arc welding electrodes and gas welding 
rods, covering both the ferrous and non- 
ferrous fields. The committee has been 
very active recently, as a result of which 
the following specifications were published 
during the past year. 


Tentative Specifications for Iron and 
Steel Arc Welding Electrodes 

Tentative Specifications for Iron and 
Steel Gas Welding Rods 

Tentative Specifications for Aluminum 
and Aluminum Alloy Metal Arc Weld- 
ing Electrodes 

Proposed Specifications for Stainless 
Steel Arc Welding Electrodes for 
Welding Steels of High Hardenability. 


The first two specifications listed above 
were submitted to the American Society 
for Testing Materials and approved by 
that body prior to their publication 
These specifications were therefore issued 
as joint A.W.S.-A.S.T.M. specifications 


The third specification was published in 
the 1942 edition of the Welding Handbook 
and the fourth was published in the Au 
gust issue of THE WELDING JOURNAL as a 
proposed standard for the purpose of 
eliciting comments, suggestions and criti 
cisms 

By action of the Society's Board of 
Directors on July 21, 1942, the Filler 
Metal Specifications Committee was dis- 
charged and superseded by a new com 
mittee sponsored jointly by the AMERICAN 
WELDING Society and the American So 
ciety for Testing Materials. This new 
committee was given the title “A.W.S.- 
A.S.T.M. Committee on Filler Metal.”’ 
It is considered that the formation of this 
new committee will improve the joint 
operation of the two societies in matters 
relating to filler metal specifications. 


COMMITTEE ON RECOMMENDED 
PRACTICES FOR INSPECTION OF 
WELDING 


E. R. Fish, Chairman 


The Committee on Recommended 
Practices for Inspection of Welding held 
two meetings during the past year, one 
at the time of the Annual Meeting of the 
Society in October and another on March 
25, 1942 

At the first meeting various matters 
relating to the several subdivisions of the 
proposed report were discussed. In the 
interval prior fo the second meeting the 
several subgroups prepared their subjects 
and early in March a consolidated draft of 
the committee’s report was sent out for 
comment 

At the March 25th meeting these com 
ments were generally discussed 

In April a first-page proof of the report 
was circulated and in June the report was 
finally printed in pamphlet form for gen 
eral distribution 

This report is also included as Chapter 
30 in the 1942 Welding Handbook 

In submitting the final draft to the Out 
line of Work Committee it was suggested 
that since the work of this particular com 
mittee had been completed that it be dis- 
charged. This suggestion was rejected 
on the theory that it was likely that in due 
time some changes might be advisable and 
that the committee had better be con 
tinued even though it remained inactive 


COMMITTEE ON MINIMUM 

REQUIREMENTS OF INSTRUCTIONS 

FOR WELDING OPERATORS IN 
TRADE SCHOOLS 


A. B. Wrigley, Chairman 


This committee was appointed by the 
Society in November 1939 and assigned 
the task of drafting minimum requirements 
for instruction of welding operators in 
trade schools. At the organization mieet- 
ing it was decided to formulate minimum 
requirements for four basic courses in 
welding, namely: (1) arc welding of heavy 
materials, (2) arc welding of light mate 
rials (sheet), (3 
materials, and (4 
materials 


gas welding of heavy 
gas welding of light 
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The most important accomplishment 
of the committee during the past year was 
the completion of a code covering the 
first of the four basic courses in welding. 
This code was approved as a tentative 
standard by the Board of Directors on 
July 20, 1942, and published under the 
title, ‘Code of Minimum Requirements 
for Instruction of Welding Operators, 
Part A—Arc Welding of Steel to 3/, 
In. Thick.”” The Code as published repre- 
sents a revision of the Proposed Code that 
was published in the September 1941 issue 
of THE WELDING JouRNAL for the purpose 
of eliciting comments, suggestions and 
criticisms. In addition to this publicity 
in the JOURNAL, the proposed code was re- 
printed in pamphlet form and given wide 
circulation. Altogether some 1500 copies 
were distributed, and copies were sent 
specially to 350 defense training classes 
and to all of the licensed commercial weld- 
ing schools in two representative large 
states. In response to this publicity the 
Society received a large number of com- 
ments and suggestions, which the com- 
mittee studied and utilized in preparing 
the present code. 

The Proposed Code was adopted and 
reprinted under date of June 10, 1942, by 
the War Production Board, as one of the 
requirements given in their General 
Limitation Order L-146 for the use of 
welding rods and electrodes for welding 
training programs throughout the nation. 
It is possible that the War Production 
Board will utilize the newly published code 
in a like manner. 

The committee is now working to pre- 
pare Part B of the Code, which will cover 
gas welding of steel sheet and tubing. It 
is being written specifically to fill the 
need for standards of instruction in the 
field of aircraft welding. The committee 
expects that Part B of the Code will be 
completed and submitted to the Society 
within the next few months. 


AIRCRAFT WELDING STANDARDS 
COMMITTEE 


G. S. Mikhalapov, Chairman 


This committee was originated by the 
Society in September 1941 with the ap- 
pointment of an Aircraft Resistance Weld- 
ing Standards Committee to standardize 
resistance welding practices and procedures 
as applied to fabrication of aircraft and 
aircraft parts, and to develop standards of 
quality, inspection and testing of welding 
when applied to such structures. By asub- 
sequent action of the Society’s Board of 
Directors in June 1942, the scope of this 
committee was extended to cover arc and 
gas welding as well as resistance welding, 
and the title of the committee was changed 
accordingly as indicated above. 

The committee has prepared a report 
entitled “Tentative Standards and Recom- 
mended Practices and Procedures for 
Spot Welding Aluminum Alloys’ which 
was submitted to the National Aircraft 
Standards Committee for consideration 
and, with their approval, has been adopted 
by the Society as its emergency standard. 
This report has been published in the 
August 1942 issue of THe WELDING 


JOURNAL and reproduced in the form of a 
printed bulletin. 

The committee has been fortunate in 
that the WELDING Society and the Re- 
sistance Welder Manufacturer’s Associa- 
tion saw fit to underwrite the expenses 
necessary to collect information on the 
practices and procedures used by the air- 
craft industry in spot welding aluminum 
alloys, which in turn permitted the prepa- 
ration of the Tentative Standards and 
Recommended Practices and Procedures 
prepared by the committee. The collec- 
tion of this information involved personal 
visits by the chairman of the committee 
to 17 major fabricators of aircraft in the 
country, a preparation of tables of com- 
parisons of the practices and procedures 
used by various fabricators in spot welding 
aluminum alloys, a thorough considera- 
tion of these tables by the entire committee 
and a final preparation and adoption of 
the Standards by the committee. 

In addition, the committee has pre- 
pared an extensive questionnaire dealing 
with the practices and procedures used by 
various aircraft fabricators in arc and gas 
welding of alloy steels necessary for fabri- 
cation of certain parts of aircraft. This 
questionnaire has been submitted to the 
aircraft industry and it is expected that 
with the aid of the information obtained 
through this questionnaire it will be pos- 
sible to prepare a set of tentative standards 
for the use of arc and gas welding in air- 
craft industry. 


COMMITTEE ON PRESSURE PIPING 
W. D. Halsey, Chairman 


This committee was appointed on April 
12, 1928, to prepare a Code for welding 
pressure piping for all applications, in- 
cluding hydraulic, gas, air, oil and refrig- 
eration. The membership of this com- 
mittee is identical with that of the A.S.A. 
Sectional Committee on Code for Pres- 
sure Piping, Subcommittee No. 8, Sub- 
group No. 4, and this committee has now 
reported to the Main A.S.A. Sectional 
Committee on Code for Pressure Piping. 
The Code is now in the process of print- 
ing and should be available in the near 
future. 

The committee has undertaken no new 
work during the past year. No additional 
work is contemplated during the coming 
year since it is believed that the forth- 
coming A.S.A. Code will fully cover the 
matter of pressure piping. 


RESISTANCE WELDING STANDARDS 
COMMITTEE 


G. F. Jenks, Chairman 


This committee was organized by the 
Society on December 12, 1940, for the 
purpose of establishing certain standards 
for resistance welding equipment and pro- 
cedure. 

Six subcommittees to handle the actual 
work were appointed and at the first meet- 
ing held in Warren, Ohio, September 30, 
1941, it was decided that for simplifica- 
tion these six subcommittees would be re- 
duced to two subcommittees, one of which 
would deal specifically with resistance 


welding procedures, standard tests of re- 
sistance welds, and standard performance 
requirements of resistance welds, and 
the other would deal with electrical and 
mechanical standards; also tests and 
qualifications of resistance welding equip- 
ment. 

No further general meeting of this com 
mittee has been had for two reasons: 
First, the Resistance Welder Manufac- 
turer’s Association has a very complete 
committee organization for working out 
appropriate standards of resistance weld- 
ing machinery and performance. Through 
several very active subcommittees, these 
standards are rapidly being brought into 
shape. 

The second reason is that on September 
18th the Aircraft Resistance Welding 
Standards Committee was organized. 
Since this committee has been very active 
and has made noteworthy accomplish- 
ments, it has been felt that any consider- 
able activity of the Resistance Welding 
Standards Committee should be delayed 
until work of the R.W.M.A. Standards 
Committee can be completed and also 
further correlation with the work of the 
Aircraft Standards Committee. 


COMMITTEE ON WELDING IN 
MARINE CONSTRUCTION 


David Arnott, Chairman 


This committee was organized in Sep- 
tember 1929, to prepare an ‘‘American 
Welding Society Marine Code for Fusion 
Welding and Gas Cutting;’”’ to report on 
any question regarding the use of welding 
in marine construction that may be sub- 
mitted to the Society; to submit a periodi- 
cal statement on the status of welding in 
marine construction both at home and 
abroad; and to advise on the making of 
tests needed by the shipbuilding industry 
in case they are of a nature that might 
best be undertaken by an authoritative 
body, such as the Society. 

Another important function of this 
committee has been to cooperate with the 
three principal bodies concerned with 
marine construction, namely, the Navy 
Department, Bureau of Marine Inspec- 
tion and Navigation of the Department of 
Commerce, and the American Bureau of 
Shipping. 

During recent years the committee came 
to the conclusion that it should not at- 
tempt to prepare an A.W.S. Marine Code 
but rather to secure harmony among exist- 
ing codes in the marine field in so far as 
welding matters are concerned. 

Operator’s Qualifications.—Through the 
efforts of the committee, a reciprocal 
agreement now exists whereby operators 
qualified by either the Bureau of Ships, 
the Bureau of Marine Inspection and 
Navigation or the American Bureau of 
Shipping in accordance with the general 
qualification requirements of the A.W.S 
are acceptable to the other bodies. It is 
the intention of these organizations to 
extend these agreements. 


Meetings 


A meeting of the Marine Committee 
was held on October 21, 1941. Another 
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was planned during the annual meeting 
in Cleveland. 

Marine Piping.—The committee has 
been active in correlating requirements 
for Marine Piping so as to bring the unit 
stress requirements in harmony in so far 
as code making authorities are concerned 
operating in the marine field. These re- 
quirements, because of the nature of ser- 
vice, may of course be somewhat higher 
than requirements for land operations 


Handbook Chapter 


A chapter of the 1942 edition of the 
Welding Handbook was prepared by repre- 
sentatives of the committee along lines 
agreed upon by the Marine Committee. 

Typical Approved Joints.—Typical and 
acceptable joints have been agreed upon 
by a subcommittee and have been turned 
over to the Editor for publication in a 
forthcoming issue of the JourNaL for 
comments and revisions. It is not in- 
tended to imply that these are the only 
joints which may be used but merely to 
indicate that the joints shown have been 
found useful and acceptable. 


Thermal Stresses 


The report issued by the Subcommittee 
on Thermal Stresses and Shrinkage in 
Welded Ship Construction has been found 
to be widely useful and should be revised 
during the forth coming year in the light of 
additional experience gained. 


Research 


A comprehensive program of fundamen- 
tal research relating to weldability and be- 
havior of residual stresses under the serv- 
ice conditions by the Welding Research 
Committee has been partially financed by 
the American Bureau of Shipping and the 
Maritime Commission. This program 
was submitted to the Marine Committee 
and commented upon favorably by its 
members. 


CONFERENCE COMMITTEE ON 
WELDED BRIDGES 


A. R. Wilson, Chairman 


The Committee which originated this 
activity was appointed by the Society in 
1934, and assigned the task of preparing 
a specification for welding of highway and 
railway bridges, covering design, construc- 
tion and alteration or repair. 

The original work of this committee was 
completed in 1936 with the publication of 
“Specifications for Design, Construction, 
Alteration and Repair of Highway and 
Railway Bridges by Fusion Welding.” 

The original committee was then dis- 
charged and a new committee was ap- 
pointed to provide any necessary inter- 
pretations of the specifications and to pre- 
pare revisions and additions to the speci- 
fications from time to time as necessary to 
keep the document consistent with current 
developments in the methods and applica- 
tions of welding. Another function of the 
committee has been to encourage the adop- 
tion of the A.W.S. Bridge Specifications 
by professional bodies throughout the 
country, 

Since the issuance of the original speci- 
fications in 1936, two subsequent editions 
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have been issued, one in 1938 and the 
latest in September 1941. These specifi- 
cations have already been adopted by a 
number of other organizations, including 
the American Railway Engineering Asso- 
ciation and the American Association of 
State Highway Officials. 

During the past year this committee has 
not held any meetings, but has confined 
its activities to furnishing interpretations 
of the specifications and filing suggestions 
for changes when the specifications are 
next revised. 


COMMITTEE ON STANDARD TESTS 
FOR WELDS 


M. F. Sayre, Chairman 


The present Committee on Standard 
Tests for Welds was appointed early in 
1940 and assigned the task of preparing 
any needed revisions in the ‘Tentative 
Standard Methods for Mechanical Testing 
of Welds,” which had been prepared in 
1939 by an earlier committee of the same 
title. The primary purpose of this report 
is to furnish a standard covering test speci- 
mens and methods of conducting tests, in 
order to eliminate the unnecessary varia- 
tions which had previously existed among 
the various specifications of this Society 
and of other code-writing bodies. 

During the past year this committee 
has completed a revision of the Society's 
former standard entitled ‘Tentative Stand- 
ard Methods for Mechanical Testing of 
Welds.” The revised report was ad- 
vauced to the status of a full standard 
and adopted by the Society on February 
19, 1942. It was published shortly there- 
after in bulletin form and also as Chapter 
33A of the 1942 edition of the Welding 
Handbook. 

The committee has also cooperated 
with several other committees of the 
Society in connection with the testing 
procedures embodied in some of the So- 
ciety’s other codes and standards. 


COMMITTEE ON STANDARD 
QUALIFICATION PROCEDURE 


W. D. Halsey, Chairman 


The committee which originated this ac- 
tivity was appointed by the Society in 
1934 and assigned the task of formulating 
a standard method for qualifying welding 
procedures and operators. Prior to that 
time wide discrepancies had existed be- 
tween the qualification methods prescribed 
in the various codes and specifications re- 
lating to welding. It was hoped that a 
standard qualification procedure could be 
adopted by all code-writing bodies, 
thereby eliminating this confusion. The 
original committee completed and issued 
its first report in 1936, which was pub- 
lished under the title ‘‘Rules for Qualifica- 
tion of Welding Process and Testing of 
Welding Operators.” 

The present committee was appointed 
in October 1937 for the purpose of revising 
and improving the original standard. 
This committee has issued two subsequent 
revisions, one in 1938 and the latest in 
April 1941. The latter was published as 
a tentative standard under the title 


“Standard Qualification Procedure—Sec- 


tion I, Manual Arc and Gas Welding of 
Ferrous Materials.”’ 

During the past year the Committee has 
undertaken a thorough study of the Ten- 
tative Standard Qualification Procedure, 
with the object of effecting further sim- 
plification when the report is next revised 
and advanced to the status of a perma- 
nent standard. In connection with this 
work, consideration is being given to a 
number of suggestions which have been 
received from industries and code-writing 
bodies that have adopted the present 
tentative standard. The committee is 
pursuing this work as rapidly as possible 
and hopes to complete a revision of the 
tentative standard in the near future. 

Another important function of the com- 
mittee has been to encourage the adoption 
of the standard qualification procedure 
by other code-writing bodies. To achieve 
this objective it has been necessary for 
the committee to cooperate with and 
assist other 
Very marked progress in this direction has 
been made recently, with the result that 
the Tentative Standard Qualification 
Procedure has already been incorporated 
in a large number of important codes and 
specifications, including the following: 
A.S.M.E. Boiler and Unfired Pressure 
Vessel Codes; A.S.A. Code for Pressure 
Piping; A.P.I. Specification on All- 
Welded Oil Storage Tanks; A.W.W.A. 
Standard Specifications for Elevated Steei 
Water Tanks, Standpipes and Reservoirs; 
A.W.S. Specifi@ations for Welded Highway 
and Railway Bridges; A.W.S. Code for 
Arc and Gas Welding in Building Con- 
struction; and the A.W.S. Rules for 
Field Welding of Steel Storage Tanks. 
In addition the welding operators’ quali- 
fication rules of the Navy Department, 

the U. S. Coast Guard, and the American 

Bureau of Shipping are similar to the 

Welding Society operator qualification 

rules. 


societies and committees. 


COMMITTEE ON NON-DESTRUCTIVE 
TESTS FOR WELDS FOR FISCAL 
YEAR ENDING SEPTEMBER 1942 


H. H. Lester 


This committee was appointed in 1940 
and assigned the task of preparing a re- 
port on methods of conducting non-destruc- 
tive tests, paralleling the Society's ‘‘Stand- 
ard Methods for Mechanical Testing of 
Welds.” At the organization meeting of 
the Committee, the following subcom- 
mittees were appointed: 

Subcommittee on Magnetic and Elec- 

trical Methods 

Subcommittee on Sectioning Methods 

Subcommittee on Radiographic Meth- 

ods 

Subcommittee on Other Methods 

During the past year this committee 
has not been active due to the preoccupa- 
tion of the committee's personnel with 
other work related to the country’s war 
effort. At the present time the committee 
is attempting to make the necessary 
changes in its organization and personnel 
in order that progress may be made in 
carrying out its assignment. 
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COMMITTEE ON STANDARD 
PROCEDURES OF WELDING AND 
STANDARDS FOR WELDED JOINTS 


C. H. Jennings, Chairman 


This committee was appointed by the 
Society in April 1942 and given the follow- 
ing assignment: ‘“‘To prepare recom- 
mended procedures for manual arc and 
gas welding, as a means of disseminating 
information on best welding practices and 
effecting general improvement of weld 
quality; to include in the recommended 
welding procedures such details as the 
design of the joint, the type of base metal 
and filler metal to be used, the position in 
which the welding is to be done, the 
method of depositing the weld, the use of 
preheating and postheating, the employ- 
ment of special welding sequences, and 
the use of chipping, peening and heat 
treatment; to undertake first the prepara- 
tion of procedures for welding materials 


of the P1-0l grouping, as listed in the - 


A.W.S. Tentative Standard Qualification 
Procedure.” 

The committee has begun its assign- 
ment by making a survey of a number of 
typical welding procedures being used in 
industry. Work has been started on the 
preparation of a standard welding pro- 
cedure which will be submitted to the 
committee for consideration and approval 
in the near future. 


COMMITTEE ON RULES FOR FIELD 
WELDING OF STORAGE TANKS 


H. O. Hill, Chairman 


This committee was appointed by the 
Society on June 5, 1939, and assigned the 
task of developing general welding stand- 
ards applicable to the construction of 
field-welded storage tanks operating gen- 
erally at atmospheric pressure or at not 
over 15 lb. per sq. in. gage pressure. 

“Rules for Field Welding of Steel 
Storage Tanks”’ was published under date 
of December 12, 1940. During the past 
year a few minor revisions were made for 
purposes of clarification. These were pub- 
lished as amendments and issued under 
date of May 7, 1942. 

The following subcommittees of the 
main tank committee also have been en- 
gaged as follows: 

The A.P.I.-A.W.S. Conference Com- 
mittee on Welded Oil Storage Tanks sug- 
gested a considerable number of revisions 
to be made in the A.P.I. Specification 
12-C, “‘All-Welded Oil Storage Tanks.” 
These revisions were for the purpose of 
bringing these specifications into con- 
formity with applicable A.W.S. specifica- 
tions. All of the revisions were adopted 
and published in the fifth edition of the 
above-mentioned A.P.I. Specifications 
dated May 1942. 

The A.W.W.A.-A.W.S. Conference 
Committee on Elevated Steel Water 
Tanks, Standpipes and Reservoirs sug- 
gested a number of revisions to be made 
in the 1941 edition of “Standard Specifica- 
tions for Elevated Steel Water Tanks, 
Standpipes and Reservoirs.”” It is ex- 
pected that these revisions will be pub- 
lished shortly by the A.W.W.A. either as 
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amendments to the present edition or by 
issuing a revised edition. 

The A.R.E.A.-A.W.S. Conference Com- 
mittee on Welded Storage Tanks and 
Elevated Tanks for Railway Service has 
been actively engaged in the preparation 
of a specification suitable for railway serv- 
ice. It is expected that this specification 
will shortly be issued. 


COMMITTEE ON RECOMMENDED 
PRACTICES FOR FUSION WELDING 
HIGH ALLOY STEELS 


L. H. Johnson, Chairman 


This committee was appointed by the 
Society in June 1940. No specific scope 
was assigned for the project but the com- 
mittee was requested to investigate the 
subject of welding high-alloy steels and 
determine what activities in this field 
should be undertaken. 

During 1941 the committee organized 
its project and appointed the following sub- 
committees to carry out the program: 
Subcommittee on Design and Welding 
Technique, Subcommittee on Heat Treat- 
ment, Subcommittee on Corrosion, and 
Subcommittee on Properties and Char- 
acteristics of Metals and Welds. The 
committee has not been active during the 
past year due to the preoccupation of the 
committee personnel with activities more 
directly concerned with the nation’s war 
effort. 


COMMITTEE ON LARGE WELDED 
STEEL PIPE FOR HYDRAULIC PURPOSES 


W. F. Durand, Chairman 


The committee has been inactive during 
the past year, and the draft of the proposed 
code is therefore in the same condition as 
reported about a year ago. The chairman 
of the committee has been in continued 
residence in Washington, D. C., with time 
fully occupied in work on our war effort. 
Another member is a reserve officer in the 
Army, called to active service at one of 
the posts. The other members are like- 
wise occupied, in large degree, with work 
related to our war effort. 

It may be recalled that the present 
status of the work is that of a second 
draft ready for discussion with members 
of the committee, following which, with 
agreement on some few questions of word- 
ing, it was hoped that the draft might be 
in form for submission to the Board of 
the Society as a tentative draft for issu- 
ance to the industry. The present status 
is the same. 


COMMITTEE ON SAFETY 
RECOMMENDATIONS 


H. S. Smith, Chairman 


The subject committee, acting as a 
body, has little activity to report during 
the past year. 

Three members of the committee, 
Messrs. Banash, Deppeler and the chair- 
man, completed the work of revising 
present Chapter 31 of the Welding Hand- 
book dealing with ‘‘Safe Practices in Weld- 
ing and Cutting.” 

In May of this year Mr. Edgar Lipton 
of the Department of Physics of the Uni- 


versity of California, Los Angeles, wrote 
the Secretary of the AMERICAN WELDING 
Society advising that he was in the pro 

ess of compiling material for a paper on 
the general subject of ‘“‘The Sterilization 
Phenomenon in Welders.’”” He admitted 
that the phenomenon was a rather debat 

able issue. The correspondence was su} 
mitted to the subject committee who se- 
cured from its medical advisory group a 
rather complete digest of literature and 
opinions on the subject, the gist of which 
was that the so-called phenomenon had 
been definitely proved a non-existent 
hazard. This review was passed on to 
Mr. Lipton by the headquarters office of 
the AMERICAN WELDING SOCIETY. 

The Committee on Gases of the N.F.P.A 
have, during the past year, revised their 
standards covering Gas Systems for Weld- 
ing and Cutting. These revised safety 
standards are being adopted and issued at 
a very early date by the National Board 
of Fire Underwriters, 85 John Street, 
New York City, from whom copies may 
be secured on request. 


A.W.S.-A.S.M.E. CONFERENCE 
COMMITTEE 


C. W. Obert, Chairman 


During the past fiscal year this com 
mittee has continued its active coopera 
tion with the A.S.M.E. Boiler Code Com 
mittee through contacts with its Sub- 
committee on Welding. Under the 
present plan of cooperation the Boiler 
Code Committee is offered the best advic« 
and information ¢hat is available on the 
welding of various analyses of steels, and 
of the non-ferrous materials. 

Recommendations have been submitted 
on various welding questions that have 
arisen in connection with the welding of 
Code vessels, such as the problem of re 
inforcements of weld faces, the welding of 
dissimilar materials, etc. Our committee 
has submitted data from the Society files 
to the Boiler Code Committee on many 
occasions when requested. 


A.S.A. SECTIONAL COMMITTEE C-52 
ELECTRIC WELDING APPARATUS 


L. W. Clark, Chairman 


This committee was organized under 
the sponsorship of the AMERICAN WELDING 
Society and approved by the American 
Standards Association on February 28, 1941 

The function of the committee is to re- 
vise the Standards for Electric Arc Weld- 
ing Apparatus and Standards for Resist 
ance Welding Apparatus originally issued 
in 1933. The committee held an organiza- 
tion meeting and appointed two subcom- 
mittees to carry out the work. These 
subcommittees report as follows: 


Subcommittee on Electric Arc Welding 
Apparatus, R. F. Wyer, Chairman.—lIn 
view of the rapidly changing situation 
regarding ratings and specifications of 
arc-welding apparatus due to wartime 
compromises and substitutions, all mem- 
bers of the subcommittee agreed by letter 
ballot tHat it would be desirable to defer 
revision of the Standards until after the war 


Subcommittee on Resistance Welding 
Apparatus, S. M. Humpurey, Chairman.— 
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During the past fiscal year, this subcom 
has not held any meetings, due to 

that it was felt by the chairman 

1a necessary groundwork on which 
to construct proper A.S.A. Standards 
t been completed. Some comments 


1aG 

ym this groundwork are consequently in 
der. The R.W.M.A. at the time of its 
original organization set up Resistance 
Welding Standards, with which we have 


worked for several years, and there have 
now developed several outstanding weak- 
nesses. The Standards Committees of 
R.W.M.A. have been reorganized on a 
somewhat different basis, and are now 
actively engaged in re-working these stand- 
ards. In spite of the war, this work seems 
to be going along quite rapidly, and the 
chairman believes it. will be completed 
sufficiently early in this year to permit of 
some active work of this subcommittee as 
a result. 
COMMITTEE ON WELDABILITY 
TESTS FOR STEEL 


N. L. Mochel, Chairman 


Reports of A.W.S. Representatives of 
Technical Committees of Other Societies 


American Standards Association 


Committee A-10—-Safety Code for Con- 
struction Work 


In December 1940, the chairman of 
Committee A-10 submitted a tentative 
final draft of the proposed building con- 
struction standard to the National Safety 
Council, administrative sponsor for the 
project, with a view to the draft’s dis- 
tribution to the A-10 committee for letter 
ballot on approval. The draft has since 
remained under the consideration of the 
Council and various sections thereof, 
undergoing a revision that is primarily a 
rearrangement. The draft has not been 
submitted to action by the A.S.A. Com 
mittee. 


Committee A-57—Building Code Require- 
ments for Iron and Steel 


This committee has been very active 
preparing an American Standard entitled 
Building Code Requirements for Struc- 
tural Steel (Riveted or Bolted Construc- 
tion).”” The committee is also considering 
issuing a parallel standard to cover the 
field of welded construction, patterned 
after the American Institute of Steel Con- 
truction’s ‘Tentative Specification for 
the Design, Fabrication and Erection of 
»tructural Steel for Buildings by Arc and 
Gas Welding.” The latter standard is 
based upon, and identical in many respects 


signment: To prepare a standard on 
methods of conducting tests for weld 
ability of steel, giving detailed informa- 
tion on the purpose and application of the 
tests, the dimensions of the specimens, the 
manner of preparing the specimens, the 
procedure for testing the specimens and 
the methods of evaluating and interpret 
ing the results. 

During the past year the committee has 
prepared a report entitled ‘‘Tentative 
Tests for Arc Welding Properties of 
Steel.” It covers two types of tests, 
namely, the Weld Bead Hardness Test and 
the Tee Bend Test 
virtually completed the report and expects 
to submit it to the Society within the next 
few months for publication as an emer- 
gency standard. 


The committee has 


A.W.S.-A.W.W.A. COMMITTEE ON 
SPECIFICATIONS FOR FIELD WELDING 
OF WATER PIPE JOINTS 


W. W. Hurlbut, Chairman 
This committee was appointed in Oc 
tober 1942 for the purpose of preparing 


with, the A.W.S. Code for Arc and Gas 
Welding in Building Construction. 

In March 1942 this comniittee held a 
meeting at the request of the War Produc 
tion Board to formulate recommendations 
concerning the conservation of steel in 
building construction, to be submitted to 
the WPB. These recommendations were 
submitted to the War Production Board 
shortly after the meeting and contained in 
the Foreword a recommendation ‘‘that 
welding be used in fabrication and erection 
to as great an extent as is consistent with 
good practice.”’ 

Committee B-31—Code for Pressure Piping 

This committee has been working to pre 
pare a new edition of the American Stand 
ard Code for Pressure Piping. Our repre- 
sentatives have taken the leading part in 
the preparation of that part of the Code 
which deals with welding. The work on 
the new edition was completed during the 
past year and the Code is now being 
printed 


Committee C-42—Electrical Definitions 
This committee approved a revised list 
of welding terms and their definitions in 
August 1941. A completed publication 
was issued in June 1942. This American 
Standard includes only welding terms 
which are electrical terms, and the balance 
of welding terms and their definitions will 
be found in the AMERICAN WELDING So 
CIETY Definitions of Welding Terms and 
Master Chart of Welding Processes 


REPORTS OF REPRESENTATIVES 
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standard specifications for field welding 
of water pipe joints. It is expected that 
the committee will hold an organization 
meeting in the near future and make plans 
for carrying out its work 


COMMITTEE ON ARC WELDING 
STANDARDS FOR SHOP-ERECTED 
LOW ALLOY STEEL STRUCTURES 
SUBJECT TO DYNAMIC STRESSES 


R. W. Clark, Chairman 


This committee was appointed in March 
1942 and assigned the task of preparing 
welding standards for shop-erected low 
alloy steel structures subject to dynamic 
stresses, covering joint design, welding 
procedure, heat treatment and inspec- 
tion. 

The committee has not yet held its or- 
ganization meeting but the Chairman has 


been active in investigating the needs of 
the field for which these standards are in 
tended to be used. It is expected that the 
work will be initiated in the near future. 


Committee C-67 Preferred Voltage 100 
Volts and Under 


This committee has now been fully 
organized, and the chairman of the com- 
mittee is working with a committee of the 
American Institute of Electrical Engi 
neers to prepare material for submittal to 
the sectional committee at its organiza 
tion meeting, which will probably be held 
in the very near futurt 


Committee Z-2-—Code for Protection 
Heads, Eyes and Resp ral 
Industrial Worker 


This committee is the one which pre 
pared the A.S.A. Code for Protection of 
Heads, Eyes and Respiratory Organs of 
Industrial Workers, which was published 
in 1938. Since that time the committee 
has given consideration to a number of 
changes that have been proposed but has 
decided that the modifications were not of 
sufficient importance to warrant a reprint 
ing of the Code. The AMERICAN WELDING 
Society has continued its representation 
on the committee for the reason that the 
Code covers specifications and tests of 
welding goggles, helmets, et 


Committee Z-5 Devel pment of Ventilation 


Code 
This committee was recently reorgan 
ized, and the program of its activity ha 
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been outlined. The scope of the work 
includes dust hazards and industrial 
ventilation, so that the question of fumes 
from welding operations will no doubt 
receive consideration. During the past 
year nothing requiring attention in con- 
nection with the project has come to the 
attention of our representative. 


Committee Z-28-—-Work in Compressed Air 

The development of the proposed Safety 
Code for Work in Compressed Air has been 
held in abeyance, pending completion of 
tests and. research on decompression rates 
by the U. S. Navy Department and the 
U. S. Public Health Service. The com- 
mittee has not been active during the past 
year, 


Committee Z-32—Graphical Symbols and 
Abbreviations for Use on Drawings 


The principal interest of the Society in 
this sectional committee relates to the 
work of its Subcommittee on Symbols for 
Welding. The pérsonnel of this subcom- 
mittee is identical with that of the A.W.S. 
Symbols Committee. During the past 
year the Society’s standard entitled 
“Welding Symbols and Instructions for 
Their Use’ was submitted to this com- 
mittee for adoption as an A.S.A. standard. 
The standard was approved unanimously 
by the Sectional Committee and is ex- 
pected to be formally adopted as an 
American Standard within a few months 


American Society for Metals 
Metals Handbook Committee 


There has been active participation in 
the work of the Metals Handbook Com- 
mittee this year. The sections as received 
from the authors are routed to the Hand- 
book Committee by the secretary who, on 
receiving the reactions of the committee, 
negotiates with the authors for modifica- 
tion as may be agreed upon. Although 
there has been no general meeting of the 
Handbook Committee this year there has 
been substantial progress made. 


International Acetylene Association 


Commutiee on Welding and Cutting Chapters 
of A.S.M. Metals Handbook 


The revision work on the Metals Hand- 
book has been suspended in favor of other 
more important activities. The chairman 
of this committee is of the opinion, how- 
ever, that the revision work is merely 
being held in abeyance at present and that 
actual work will be carried forward next 
year. 


American Society for Testing Materials 


Committee A-1 on Steel and Subcommittee 
XXI om Welding Wire 


Our representatives on this committee 
and subcommittee act primarily to pro- 
mote the adoption by the A.S.T.M. of filler 
metal specifications prepared by the So- 
ciety’s Filler Metal Specifications Com- 
mittee. During the past year two speci- 
fications were approved by this committee 


and subsequently published jointly by the 
A.W.S. and A.S.T.M. under the titles 
“Tentative Specifications for Iron and 
Steel Arc Welding Electrodes’ and ‘‘Ten- 
tative Specifications for Iron and Steel 
Gas Welding Rods.” 

By joint action of the AMERICAN WELD- 
ING Socrety and American Society for 
Testing Materials, both the A.W.S 
Filler Metal Specifications Committee and 
Subcommittee XXI of Committee A-1 
were discharged and superseded by a new 
committee sponsored jointly by the two 
societies and entitled ‘“‘A.W.S.-A.S.T.M. 
Committee on Filler Metal.’”’ It is con- 
sidered that the formation of this new 
committee will facilitate cooperation of the 
two societies in matters relating to filler 
metal specifications. 


Committee A-10 on Iron Chromium, Iron- 
Chromium- Nickel and Related Alloys 


This committee recently prepared a 
preliminary report giving tables on chemi- 
cal composition, mechanical properties, 
corrosion properties and heat resistance of 
the more important chromium and 
chromium-nickel steels. When the report 
is finally published for distribution it will 
be of considerable assistance to the work 
of the A.W.S. Coiamittee on Recom- 
mended Practices for Fusion Welding 
High Alloy Steels. 


Committee B-5 on Copper and Copper Alloys 


The principal activity of this committee 
during the past year was to pass on the use 
of Braden “‘fire refined copper’’ and other 
sources of such material in order to broaden 
the supply of copper for the war industries. 
The small amount of impurities in this 
fire refined copper did not impair its 
weldability, provided it was properly 
deoxidized, and it was therefore regarded 
as acceptable for equipment to be fabri- 
cated by welding. 


American Institute of Electrical Engineers 


Committee on Electric Welding, Subcom- 
mittee on Power Supply for Welding 
Operations 


The principal work of this subcommittee 
was completed a little over a year ago with 
the issuance of a report entitled ‘Power 
Supply for Resistance Welding Machines: 
I. Guide to Good Electrical Performance 
of Resistance Welding Machines; II. 
Resistance Welder Installations; III. 
Factory Wiring for Resistance Welders.” 
The report has served as a valuable aid 
in the planning of layouts for new installa- 
tions and in the preparation of electrical 
specifications for the purchase of new 
equipment. All three sections of the re- 
port were published in THe WELDING 
JourNAL in May 1940, June 1940 and 
June 1941. 

Since the publication of this bulletin 
the committee has not found it necessary 
to function but is standing ready to 
handle any problems dealing with the 
technical aspects of power supply for weld- 
ing operations. 


REPORTS OF REPRESENTATIVES 


American Transit Engineering Association 


Technical Subcommittee Assignment No. 
5-40 


The scope of this activity has been to 
study welding problems considered to be 
peculiar to the transit industry; also, re- 
port on any new developments considered 
to be of special interest to the transit in- 
dustry. In recent years, however, this 
subcommittee has not been active and 
upon the recommendation of our repre- 
sentative, the Society’s Board of Directors 
took action on September 25, 1942, with- 
drawing the Society’s representation on 
this subcommittee. 


Association of American Railroads 


Committee on Tank Cars—Subcommittee on 
Fusion Welded Tank Car Tanks 

As the result of the activities of this 
committee the welding of more than one 
thousand tank car tanks has been author- 
ized for experimental purposes and as a re- 
sult of the service tests the regulations of 
the I.C.C. have been changed to provide 
for the construction of tanks by fusion 
welding. 

The Subcommittee on Fusion Welded 
Tank Car Tanks has not met during the 
past year as it was found possible to pursue 
the work satisfactorily without the neces- 
sity of holding a meeting. As yet, op- 
tional specifications for fusion-welded 
containers to be mounted on and form 
part of a car for all types of tank car tanks 
have not been*formulated. Until such 
time as this is done, the Society plans to 
maintain its representation on this sub- 
committee. 


American Petroleum Institute 

Subcommittee of Field Welding of Casing 

In its earlier life this subcommittee held 
a number of meetings, resulting in the 
adoption of tentative stipulations on diam- 
eter tolerances for bell-and-spigot and 
butt-welded casing, and a proposed stand- 
ard of testing for determining suitability 
of casing steel for field welding. In addi- 
tion, as a direct or indirect result of this 
subcommittee’s activities, a number of 
papers were presented at national meet- 
ings of the A.P.I., culminating in a sym- 
posium at the New Orleans meeting, May 
1939. Since then the subcommittee has 
not been active. 


National Board of Boiler and Pressure 
Vessel Inspectors 


The past year has been replete with activ- 
ity in the boiler and pressure vessel field 
and the demands of industry resulting 
from growing scarcities of materials have 
been strenuous. At many meetings of the 
National Board, questions concerning 
welding problems have arisen and the So- 
ciety’s representative has found repeated 
opportunities to present welded construc- 
tion for consideration. The new rules of 
the National Board for welded repairs to 
power boilers are also under these condi- 
tions meeting with increased favor. 
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American Coordinating Committee on 
Corrosion 


Resistance Welding Advisory Committee 

Appointed by the Board of Directors 
Oct. 25, 1940, to make to the Executive 
Committee such recommendations as may 
insure the most efficient utilization of the 
A.W.S. for the advancement of the art and 
science of resistance welding, the Com- 
mittee to consist of six members; two 
members to be appointed for a term of one 


This committee prepared a “Directory 
of Corrosion Investigators in the United 
States” which was issued in 1940 and re- 
yised in 1941. During the past year the 
committee has been asked for advice and 
assistance in connection with corrosion as- 
pects of the war effort. Certain of these 


inquiries were answered by submitting = year; two members for a term of two wide distribution of the second edition of 
marked copies of the Directory as a check years; and two members for a term of the Welding Handbook which was pub- 
list of authorities in the field questioned. three years. No member is to be re- lished and distributed in July 1942. 


Codes and Standards 
of the Society 


Cope OF MINIMUM REQUIREMENTS FOR INSTRUCTION 
OF WELDING OPERATORS, PART A—ARC WELDING OF 
Stree, (TENTATIVE) (1942 edition, 68 pages. Price 
per copy, 50¢) 

A standard for instruction of welding operators, 
covering: equipment and facilities of the school, 
qualifications and duties of the instructor, instruction 
in welding practice, instruction in welding theory and 
final tests. The code includes nine appendices of sug- 
gested and recommended material, as follows: sug- 
gested accessory equipment for welding schools, recom- 
mended design of positioning equipment, recom- 
mended designs of testing apparatus and their appli- 
cation, recommended safety rules for student arc- 
welding operators, welding electrodes, suggested arc- 
welding exercises, suggested form of student progress 
chart, recommended form for record card, anno- 
tated selected bibliography of publications relating 
to arc-welding instruction. 


RECOMMENDED PRACTICES FOR INSPECTION OF FUSION 
WELDING (TENTATIVE) (1942 edition, 23 pages. Price 
per copy 40¢) 

A report treating the factors involved in the inspec- 
tion of welds made by the arc and oxyacetylene proc- 
esses. The subjects covered include: qualifications 
of welding inspectors, duties of inspectors, inspection 
and testing of welded structures, inspection during 
construction, shop and field inspections, examination 
of welds, radiographic inspection, hydrostatic testing 
and magnetic powder testing. The report also de- 
scribes the principal types of weld defects, indicates 
their usual causes and states how they may be de- 
tected and remedied. 


Cope ror Arc AND Gas WELDING IN BUILDING Con- 
STRUCTION (TENTATIVE) (1941 edition, 73 pages, in- 
dexed. Price per copy, 50¢) 


A set of regulations intended for adoption by munici- 
palities as part of their building code, to cover the 
application of arc and gas welding in building con- 
struction. The provisions of the code govern ma- 
terials, design, permissible unit stresses, workmanship 
and inspection. 


Special Committees 


STANDARD QUALIFICATION PROCEDURE (TENTATIVE) 


DEFINITIONS OF WELDING TERMS AND MASTER CHART OF 


WELDING SYMBOLS AND INSTRUCTIONS FOR THEIR USE 


STANDARD METHODS FOR MECHANICAL TESTING OF 


SPECIFICATIONS FOR IRON AND STEEL ARC WELDING 


‘SPECIFICATIONS FOR IRON AND STEEL GAS WELDING 


appointed until at least one year has 
elapsed since the completionof his last year. 
Welding Handbook Committee 

The AMERICAN WELDING Soctery issued 
its first Welding Handbook in 1938. This 
book was widely distributed and the sup- 
ply was exhausted. A new committee 
was appointed to revise the 1938 edition, 
to bring it up-to-date and to make it more 
generally useful. This committee was 
also concerned with the financing and 


(1941 edition, 39 pages. Price per copy, 40¢) 

A booklet describing a standard method for qualify- 
ing welding procedures and welding operators, intended 
principally for adoption by code-writing bodies. The 
Standard Qualification Procedure has been incorpo- 
rated in practically all of the more important codes 
and specifications on welding. 


WELDING Processes (1942 edition, 32 pages. Price 
per copy, 40¢) 

The standard definitions of welding terms adopted 
by the American Welding Society, illustrated by 
numerous sketches. . The booklet also includes a chart 
showing the subdivisions of the various welding proc- 
esses, namely: arc welding, gas welding, resistance 
welding, thermit welding, forge welding and brazing. 


(1942 edition, 26 pages. Price per copy, 25¢) 

A booklet describing the American Welding Society's 
standard symbols for denoting arc, gas and resistance 
welds on engineering drawings. The booklet also in- 
cludes illustrations of the use of the symbols on ma- 
chinery and structural drawings. 


WELDs (1942 edition, 25 pages. Price per copy, 40¢) 

A booklet describing methods for making mechani- 
cal tests of welds, including tests for density, soundness, 
tensile strength, shearing strength and ductility (bend 
tests). The tests apply to base metal, weld metal, 
butt-welded joints and fillet-welded joints. The book- 
let includes sketches of the specimens and describes the 
methods of conducting the tests and evaluating the 
results. 


ELECTRODES (TENTATIVE) (1942 edition, 8 pages. 
Price per copy, 25¢) 

A specification covering dimensions, characteristics 
and properties of thirty different classifications of 
lightly coated and covered metal arc-welding electrodes 
for the welding of carbon and low-alloy steels. 


Rops (TENTATIVE) (1942 edition, 5 pages. Price 
copy, 25¢) 

A specification covering dimensions, characteristics 
and properties of six different classifications of gas- 
welding rods for welding carbon and low-alloy steels. 
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SPECIFICATIONS FOR WELDED HIGHWAY AND RAILWAY 


BripGces (1941 edition, 108 pages, indexed. Price per 
copy—Members 75¢—-Non-Members $1.00) 

A completely revised edition of this standard specifi- 
cation for welding of bridges, covering design, con- 
struction and repair. Included are appendices on 
welding symbols, definitions of welding terms and 
methods for qualifying welding procedures and opera- 
tors. 


RULES FOR FIELD WELDING OF STEEL STORAGE TANKS 


(1940 edition, 19 pages, with 1942 Addenda. Price 
per copy, 25¢) 

A booklet prescribing rules to cover welded con- 
struction of bulk storage tanks for holding liquids at 
substantially atmospheric pressure. The rules cover 
materials, design, workmanship, inspection and testing. 


A.W.W.A.-A.W.S. STANDARD SPECIFICATIONS FOR ELE- 


VATED STEEL WATER TANKS, STANDPIPES AND RESER- 
vorrs (1941 edition, 45 pages. Price per copy, 30¢) 
These specifications prescribe ‘minimum require- 
ments as to the design, fabrication and erection of 
elevated steel water tank, standpipe and reservoir 
structures of either welded or riveted construction. 


The requirements relative to welding are identical t 
the Rules for Field Welding of Steel Storage Tanks. 


RECOMMENDED PROCEDURE TO BE FOLLOWED IN PREPAR 


ING FOR WELDING OR CUTTING CERTAIN TYPEs 0; 
CONTAINERS WHICH HAveE HELD ComBusTIBLEs (194() 
edition, 12 pages. Price per copy, 25¢) 

A booklet outlining safety precautions to be taken 
in order to insure that explosion or fire will not result 
when welding, gas cutting or performing other hot 
work on tanks or other containers which have held 
combustible solids, liquids or gases. 


REPORT ON THERMAL STRESSES AND SHRINKAGE IN 


WELDED SHIP CONSTRUCTION (1941 edition, 12 pages 
Price per copy, 25¢) 

A report on an investigation of the general problem 
of thermal stresses and shrinkage in welded ship con 
struction, including a description of the principal 
methods employed to minimize shrinkage and the 
efiects of thermal stresses. 


Orders for the above publications should be accom 


panied by check, money order or cash, and addressed to 
AMERICAN WELDING Socrety, 33 West 39th Street, 
New York, N. Y 


Report on Membership Status for 


Ending September 30, 1942 


Membership Status—as of October 1, 1942 
A B Cc D E F Total 


Total Membership, 
October 1, 1941..... 78 1288 2215 1009 2 45 4637 
Increase during year. . 8 359 822 709 .. 3l 1929 
86 1647 3037 1718 2 76 6566 
Decrease during year.. 4 189 439 682 .. 26 1340 

Total Membership, 
October 1,1942..... 82 1458 2598 1036 2 50 5226 

Net changes during 
4 170 383 27 5 589 

Society Membership—October 1, 1942 
A B z D E F Total 
Birmingham......... 1 10 26 42 
l 49 80 15 

Canal Zone......... 17 8 25 
2 9 13 31 
Chattanooga......... 21 25 
6 107 129 45. 287 
Cincinnati. ......... 27 53 28 108 
6 83 174 24 287 
6 9 . 23 
Columbus. ....... ‘ ] 22 31 78 
Georgia 7 12 22 


MEMBERSHIP REPORT 


Hawaii. . 12 26 40 
Kansas City...... 20 47 77 
Lake Shore... 1 7 14 4 26 
Los Angeles. . 2 45 151 49 247 
Louisiana...... 1 12 10 ] 27 
Maryland...... l 20 58 90 
Milwaukee........... 1 41 90 12 1 145 
New York...... ee.” Te 138 182 133 4 468 
Northern N. J....... 5 55 112 148 . 1 316 
16 56 60 4 136 
Northwest...... a? 2 32 45 97 
Oklahoma City........ .. 11 30 52 
l 10 29 58 
Philadelphia. . . wee 11 80 168 48 1 4 312 
Pittsburgh... . 9 69 75 161 
Puget Sound. . 22 28 62 
Quad-Cities.... 4 5 12 
Rochester........ 19 48 25... 92 
San Francisco...... 2 52 71 SA 179 
4 126 187 l 408 
South Texas.... 28 68 18 sd 114 
18 12 . 38 
Washington.... l 29 78 3 111 
Western N. Y....... 3g 40 47 24 111 
Wichita....... 5 17 23 
York-Central Pa.. 5 12 41 30... 8S 
Youngstown... 2 24 69 tee 110 


82 1458 2508 1036 2 50 5226 
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Growth of Membership 


Annual Meeting A B Cc 
19 2 116 13 
120) 83 35 25 
1921 S81 192 45 
122 50 186 81 
1923 50 193 121 
124 51 203 153 
1925 51 237 219 
1926 49 273 258 
927 51 310 262 
1928 47 343 299 
1929 47 378 360 
1930 44 498 476 


Financial Statement Sept. 30, 1942 


25 1 
254 
277 
317 3 
299 3 
303 3 
22 3. 
226 3 2 
210 3 11 
207 3 21 
279 3 43 


Total 
217 
341 
574 
595 
684 
709 
813 
845 
854 
913 

1016 
1343 


Annual Meeting A B ts 


1931 40 443 615 
1932 33 403 639 
1933 21 350 613 
1934 20 345 692 
1935 24 348 892 
1936 29 362 956 
1937 76 547 «1175 
1938 SS Q87 1586 
1939 87 1146 1563 
1940 83 1230 1826 
1941 78 1288 2215 
1942 82 1458 2598 


AMERICAN WELDING SOCIETY 


STATEMENT OF ASSETS AND LIABILITIES 
SEPTEMBER 30, 1942 


CURRENT ASSETS 


Net WorKING CAPITAL 


Add 


S88: 


Cash on Hand and in Bankers Trust Company. . 
Accounts Receivable: : 


Journal Advertising $ 2,084.44 
Supplements, Cuts and Journals 465.97 
Bulletins, Codes, Emblems, Etc. 
Membership Dues Receivable... . 18,681.98 
Less: Refunds Payable Thereon 

to Sections........ 3,346.22 


ToTaL CuRRENT ASSETS 


URRENT LIABILITIES: 
Refunds Due Sections on Paid BGwhsesdass 
N. Y. City Sales Tax Payable 
Receipts Held in Suspense... 


Current LIABILITIES 


Other Assets: 

Anniversary Payments in Advance to Sections. . 
Office Equipment. . 
Deferred Charges. 
Inventory of Bulletins and Printed Matter... 


Reserve for Expenses of Aircraft Resistance 
Welding Standards Committee.......... 
Deferred Income: 


Unearned Dues Income Deferred 51,003.38 
Less: Section Refund Charge De 
8,998 26 


1% of Gross Income Reserved for Permanent 
Funds Reserve Accounts 


Net Worrs.. 


* Audited by David Joseph C. P. A. 


$41,526.33 


2,550.41 


2,036 . 98 


15,335.76 


42,005.12 


1,073.55 


$61,449.48 


51,490.10 


3,963.28 


55,453.38 


43,451.46 


$12,001.92 


CONSOLIDATED STATEMENT OF RESOURCES 


273 3 BO 
257 2 40 
261 2 37 
273 2 4 
300 2 48 
367 2 5&O 
536 3 
786 #1 
860 2 385 
1165 2 38 


1009 2 45 


1036 


SEPTEMBER 30, 1942 


Net WorRTH AS AT SEPTEMBER 30TH 
(See above) 


Viller Memorial Fund Account: 
Beginning Balance. . 
Bank Interest for Year. 


Expenditure for Medal 
Engrossing Certificate 


Ending Balance—Deposited with 


Union Dime Savings Bank 
Welding Handbook Account: 


Beginning Balance 
Handbook Receipts. . 


Handbook Disbursements 


Ending Balance—Deposited with 


Corn Exchange Bank & Trust Co... 


Permanent Fund Reserve Account: 

Beginning Balance. . 

Welding Handbook Receipts: 

Receipts from Society. . 

Bank Interest for Year. 

Transferred from Society by Direc- 
tion of Finance Committee 

Due from Society—1% of Gross In- 
come. 

Interest Coupons on $6000 par U. y 
T aay Tax Free, 2% Bonds due 
1948-! 

$6000 Sy St. Louis, San Francisco 
R. R. 4% Bonds due 1950 at cur- 
rent market value. 

Interest Coupons on “$6000 par St. 
Louis, San Francisco R. R. 4% 
Bonds. ee 


Ending Balance 


Forwarded. . 


FINANCIAL STATEMENT 


3,075.: 
7,348. 


10,423 
7,086 


8,376.7 


7,000. 
1,073. 


120 


1,252 


159 


$12,001 


38 
42 


60 


34,702.27 


Total 
1424 
1374 
1284 
1375 
1614 
1766 
2378 
3538 
3693 
$344 
1637 


5226 


92 


1,356. 84 


3,336.96 


18,006. 55 


pe 
} 
| 
mp 
oY 
) 
x 
— 
‘ $ 1,415.17 
26.42 
1,441.59 
62.75 
22.00 
— 
84.75 
| 
213.17 
302.03 
3,500.00 
1.00 
461.28 
1.00 24 12 
372.79 55 Bea 
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AMERICAN WELDING SOCIETY 
STATEMENT OF INCOME AND EXPENSE 
FOR THE YEAR ENDED SEPTEMBER 30, 1942 


INCOME: 


Membership Dues 
Journal Advertising............... 24,041.94 
Journal Supplement.............. 3,141.41 
ree 1,228. 52 
Subscriptions and Sales of Journal. . 7,650.49 
4,141.37 
3ulletins and Printed Matter....... 5,100.41 
Sale of Metallurgy Book........... 5,604.35 
Sundry Salable Matter............ 1,347.21 
EXPENSES: 
Journal—Text Matter and Advertising............ 39,603.76 
Technical Activity and Printed Matter............ 14,953 . 92 
Administration: 
Headquarters Salary........ : 5,786 .09 
561.39 
General Expense......... 342.70 
Stationery and Printing.......... - 373.77 
Telephone and Telegraph...... 114.42 
Addressograph Maintenance 26.10 
Travel and Entertainment. . 41.42 
692.78 
Yearbook Printing. 2,348.94 
Committee Expense. ... 279.40 10,567.01 
Membership and Section Expense.............. 5,167 .31 
Section Refunds..... a 13,833.10 
Section Expenses. .... 225.55 
Welding Handbook........ : 938 . 50 
Purchase of Equipment... ; §22.32 
Cost of Metallurgy Book.......... 2,897 .00 
Cost of Sundry Salable Matter... .. 1,231.12 19,647 . 59 
1% of Gross Income Appropriated for Permanent 
Funds Reserve Account........... 1,073.55 
Employees Insurance Expense..... 675.44 
Tora, EXPENSES 98,863 . 90 


Net Excess or Income Over EXPENSES........... $ 8,491.79 


Rules to Govern 
Organization, Functions 
and Operations of 
Technical Committees 
of the American 


Welding Society 


(Approved by Board of Directors May 7, 1942) 


INCEPTION OF COMMITTEES 


1. The need for a Technical Committee may be 
brought to the attention of the Socrrry by any of its 
members, or by responsible and interested non-member 
individuals or organizations. 

2. On receipt of a request for a new committee, the 


Socrety’s office shall refer the matter to the Committee 
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RULES GOVERNING TECHNICAL COMMITTEES 


on Outline of Work, which shall seek prompt answers to 
the following questions: 


(a) Is there a real need for the committee requested? 

(6) Can the cooperation of all, or a substantial num. 
ber of interested parties be obtained? 

(c) Should the committee be organized solely as a 
committee of the Socrety, or should it be a 
joint committee with one or more other inter- 
ested organizations? 

(d) What expense might be involved? 


COMMITTEE PERSONNEL AND SCOPE OF ACTIVITIES 


3. The Committee on Outline of Work, in recom- 
mending the appointment of a new technical committee 
to the Board of Directors, shall submit with their recom- 
mendation a scope of the technical committee’s activities 
and the names of members of a representative com- 
mittee, including a temporary chairman and a temporary 
secretary. 

4. Although it is impossible to draw hard and fast 
lines as to the distribution of the membership of technical 
committees, it is desirable, as far as possible, to maintain 
a reasonable balance as among the following groups: 
(a) Producers; (6) Consumers; (c) General Interests. 
The representatives of no one of these groups should 
constitute a majority of any technical committee. The 
total number of members of each technical committee 
should be as small as is practicable. 

5. Upon approval by the Board of Directors, of a 
new technical committee, the Secretary of the Socrery 
shall send a letter of appointment to each member of the 
committee. The Secretary shall report acceptances to 
the temporary chairman of the technical committee and 
to the chairman of the Committee on Outline of Work. 

6. The temporary chairman of the technical com- 
mittee shall take immediate steps to elect permanent 
officers and to get the work of the committee under way. 

7. A technical committee may, with the approval 
of the Committee on Outline of Work, add to its member- 
ship or change the scope of its activities. 


ORGANIZATION 


8. The chairman of a technical committee, with the 
approval of the committee, may appoint an executive 
committee and such subcommittees as he may deem 
necessary and the chairmen thereof. The chairman of a 
technical committee shall be chairman of the executive 
committee and ex-officio a member of each subcommittee. 

9. Procedure of and reports to be furnished by sub- 
committees shall be prescribed by the chairman of the 
technical committee. 

10. The names of officers and personnel of technical 
committees and of their executive committees and sub- 
committees shall be reported in duplicate to the Secretary 
of the Society, who shall forward one copy to the chair- 
man of the Committee on Outline of Work, for that com- 
mittee’s information. 

11. Chairmen of technical committees must, but 
other committee members may or may not, be members 
of the Society. The secretaries of technical committees 
may be selected from the Socrety’s headquarters staff. 

12. Officers of technical committees shall be elected 
for terms of two years. 

13. Members of technical committees who have not 
been active in committee work for a period of one year 
or more may be released from committee membership 
at the discretion of the committee concerned, and sub- 
ject to approval by the Committee on Outline of Work. 
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COMMITTEE MEETINGS 


i4. Meetings of a committee shall be held at the call 
of its chairman, usually at such times and places as suit 
the convenience of a majority of themembers. In order 
that a committee shall retain an “‘active’’ status, it is 
desirable that it meet at least twice during each calen- 
dar year. Definite exceptions would be the first and last 
years of a committee’s existence, in which years time 
jimitations might warrant not more than one meeting in 
each. 

15. Subcommittees shall meet at the call of the chair- 
man thereof. 


COMMITTEE REPORTS 


16. The chairman and secretary of the Committee on 
Outline of Work and the Secretary of the Socrety shall 
be kept informed on current activities of technical com- 
mittees through the media of copies of notices of meet- 
ings and of minutes of meetings, including those of ad- 
visory committees and subcommittees. 

17. With the approval of the Committee on Outline 
of Work, a technical committee may, and it should when 
such procedure is applicable and practical, turn over 
each standard developed by it to the Editor of the 
JourNAL for publication therein. The publication shall 
include the following supplementary legend: 

“Proposed Standard. This standard has not 
been approved as yet. It is being published in 
THE WELDING JOURNAL for the purpose of se- 
curing comments. To be acted upon, these 
must be received before . . . (a stated date to be 
set by the technical committee concerned).”’ 

18. A technical committee may submit its reports to 
the members of other technical committees for comment. 

19. Comments received shall be considered carefully 
by the technical committee concerned, which then shall 
prepare a revised standard (i.e., code, specification or 
recommended practice). 

20. A technical committee shall submit, in the form 
of a report, each standard (i.e., code, specification or 
recommended practice) prepared by it to the Committee 
on Outline of Work for approval, furnishing at the same 
time the following information: 


(a) A brief history of the project. 

(6) Areport of the technical committee vote upon the 
standard, including a list of those who voted 
unfavorably and the reasons for the unfavor- 
able votes. 

(c) A statement as to whether or not it conflicts with 
other standards of the Society which are not 
to be superseded upon the adoption of the 
recommended standard. 


The Committee on Outline of Work shall not concern 
itself with the technical content of a standard, which is 
the responsibility of the technical committee concerned. 
The function of the former is to make certain that the 


standard submitted has been duly approved in the tech- 
nical committee, according to the governing by-laws, 
and that no irreconcilable conflict exists with other 
standards of the Socrery. 

21. The Committee on Outline of Work, when it is 
satisfied that each proposed “Tentative Standard’ and 
“Standard” is in proper order, shall submit it to the 
Board of Directors, with recommendation as to accept- 
ance and publication. Upon approval by the Board of 
Directors, these shall become the standards of the 
Society. 

22. After a minimum trial period of one year, a tech- 
nical committee may recommend the advancement of a 
“Tentative Standard” to a ‘‘Standard.”’ 

23. In general, all specifications and recommended 
practices shall be issued at first solely by the AMERICAN 
WELDING Soctrery, although eventually they may become 
standards of The American Standards Association. 
Codes preferably shall be issued jointly with other socie- 
ties, or shall form parts of specifications or codes issued 
by other bodies. As a matter of fact, portions prepared 
by the AMERICAN WELDING Socrety shall be in the 
nature of standards or specifications relating to the sub 
ject concerned which form parts of basic codes. For ex 
ample, A.W.S. Standards on Storage Tanks form the 
basis of many codes relating to storage tanks, and the 
A.W'S. Specifications on Welding of Bridges have become 
a basic part of the codes of The American Railway 
Engineering Association and the American Association of 
State Highway Officials for the welding of railway and 
highway bridges, respectively. 


COOPERATION WITH OTHER COMMITTEES 


24. It is desirable that the reports and findings of all 
technical committees be in harmony with one another. 
Conflicts in interest should be brought promptly to the 
attention of the Committee on Outline of Work, which 
shall work out the conflicts to satisfactory solutions. 


REVIEW OF COMMITTEE OPERATIONS 


25. On or before September Ist of each year, each 
technical committee shall prepare a concise report of its 
activities during the year. One copy shall be sent to the 
Secretary of the Society for assistance in the compila- 
tion of the Annual Report of the Socrety, and a second 
copy shall be sent to the Committee on Outline of 
Work. The Committee on Outline of Work shall be 
furnished also with a statement of proposed activities 
for the ensuing year. 


DISCHARGE OF TECHNICAL COMMITTEES 


26. The final discharge of a technical committee shall 
be the responsibility of the Board of Directors of the 
SOCIETY on recommendation of the Committee on Out- 
line of Work, and shall be called for either because of the 
completion of its work, or for other voted reason. 


Procedure for Preparing and Issuing A.W.S. 
Emergency Standards 


(Approved by Board of Directors May 7, 1942) 


1. This short procedure for preparing and issuing 
emergency standards is a modification of the present 
Standard procedure,* designed to expedite preparation 

* The standard procedure for preparing and issuing standards is prescribed 


‘n “Rules to Govern Organization, Functions and Operations of Technical 
Committees of the American Welding Society.” 


RULES GOVERNING TECHNICAL COMMITTEES 


and issuance of recommended practices and procedures 
vital to war production. 

2. This procedure will apply when written requests 
for such standards are received by the AMERICAN WELD- 
ING Society from a government agency or from fabrica- 
tors of war products. If requests are received from 
sources other than government agencies, work will be un- 
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dertaken ouly if the affected government agency co- 
operates in the work. 

3. The chairman of the Committee on Outline of 
Work shall be responsible for assigning each project to 
the proper technical committee chairman and deter- 
mining that he has the necessary information to start the 
project. 

4. The chairman of the technical committee shall 
assure himself that the scope of the work involved is 
clear and that government agencies and fabricators are 
adequately represented on the project committee. 

5. The chairman of the technical committee made 
responsible for the project shall keep the chairman of the 
Committee on Outline of Work and the Technical Secre- 
tary of the Society informed of progress and of the 
names of members of the subcommittees appointed to 
work on the project. Progress reports should include 
minutes of meetings, which should cover membership 
and attendance as well as the proceedings. Any un- 
usual delays encountered in starting or preparing the 
project shall be reported immediately to the chairman 
of the Committee on Outline of Work. 

6. The chairman of the technical committee shall 
assure himself that the proposed emergency standard is 
acceptable to the representative of the government 
agency responsible for the product involved, and that the 
procedure for preparation of the emergency standard was 


Guide for the Appointment and Functioning of 
Representatives of the American Welding Society 
on Technical Committees of Other Societies 


(Approved by Board of Directors February 19, 1942) 


Upon receipt of an invitation by the Society to ap- 
point a representative, or representatives, the Secretary 
of the Society shall refer the matter to the Committee on 
Outline of Work for advice. In turn, if the Society has a 
technical committee in the field, the Committee on Out- 
line of Work shall ask that technical committee to recom- 
mend for or against acceptance of the invitation, and if 
in favor to suggest a representative or representatives 
for approval by the Committee on Outline of Work. 
The representative or representatives selected shall be 
members of the Society and members of the technical 
committee concerned (preferably one shall be the chair- 
man of the technical committee, and an alternate, if al- 
lowed, may be a member of the Socrety’s staff). If the 
Society does not have a technical committee in the 
field, the Committee on Outline of Work itself shall 
make recommendations as to acceptance of the invita- 
tion and selection of personnel. 

Appointments, if acted upon favorably by the Board of 
Directors, shall be made by the Secretary of the Society. 
Appointments shall be reviewed periodically (at least 
once a year) by the Committee of Outline of Work to 
determine the continuing interest of the Society and of 


in general accord with Society practices. He is author. 
ized to approve the emergency standard, making report 
of approval to the chairman of the Committee on Outline 
of Work and to the Technical Secretary of the Soctery 
and furnishing copies of reports received from the sub- 
committees. He shall also recommend that the reports 
be issued under one of the two methods listed below, 
based on recommendations from the government agency 
involved. 


(a) Published by A.W.S. in special series known as 
“Emergency Standards.” 

(6) Not published but turned over to the government 
agency for issuance. 


7. The approval of emergency standards by the 
chairman of the Committee on Outline of Work is final. 
If proper procedure has not been followed in the prepa- 
ration of the standards, he may return the standards to 
the technical committee concerned for action. 

8. The chairman of the Committee on Outline of 
Work shall assure himself that the authorized procedure 
of the Socrety has been followed and shall recommend 
to Society headquarters how the standards should be 
published. He shall also request in advance from the 
executive committee the approval of use of funds for 
publication of emergency standards. 


the representative. Changes in representation shall be 
made from time to time by the Committee on Outline 
of Work, acting with the advice of any technical com- 
mittees concerned, and without further approval by the 
Board of Directors, except when a member of the head- 
quarters staff is involved. The Secretary of the Society 
shall be notified of any changes, and thereupon shall 
make the new appointments 


GENERAL INSTRUCTIONS TO REPRESENTATIVES 


Representatives on committees of other societies 
shall not commit the AMERICAN WELDING Society to any 
financial obligations. The representative shall report 
promptly to the interested technical committee and the 
Committee on Outline of Work on matters of interest to 
the Society. 

The policy of representatives of the Socrety should 
be to encourage the use of applicable standards of the 
Society, such as Definitions, Symbols, Qualification 
Procedure, Methods of Testing and the like. 

Each representative shall be required to furnish to 
the Committee on Outline of Work, at least once a year, 
a written report on what has transpired in the committee 
on which he is the Soctety’s representative. 


Rules of Procedure Publication of Journal 


The Society shall publish and distribute free of 
charge to its members a monthly publication to be 
known as the JOURNAL OF THE AMERICAN WELDING 


RULES OF PROCEDURE JOURNAL PUBLICATION 


Society, or in abbreviated form, THE WELDING JOURNAL. 
The JOURNAL may include editorials, news items, tech- 
nical reports and papers, employment service bulletin, 
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bibliography of current welding literature, advertising 
and other items arranged, from time to time, by the 
Publications Committee. All papers presented at Section 
and National meetings shall be the property of the 
AMERICAN WELDING Society. All Sections and the 
National Program Committee are requested to send 
copies of all papers presented at monthly Section meet- 
ings or National meetings promptly to the Editor of the 
JOURNAL. 

~ Reports of the Welding Research Committee, technical 
and other committees of the Socrety selected for publica- 
tion shall be published in the JouRNAL. Such reports, 
however, shall receive the necessary approval of the 
Welding Research Committee and/or the AMERICAN 
WeLpinc Society before being released for publication. 
Any member of the AMERICAN WELDING Society and 
others interested in welding shall have the privilege of 
writing technical papers and submitting them for con- 
sideration of the Publications Committee. Papers se- 
lected for publication shall be published at the earliest 
convenient time in the JouRNAL. Authors submitting 
papers for publication in the JOURNAL shall not submit 
them to other publications unless this is clearly indicated 
in the accompanying letter of transmittal. 

The Editor shall advise within twenty days after re- 
ceipt of papers whether or not they will be published in 
the JOURNAL. Failure of such notification will allow the 
author the privilege of submitting the paper to other 
publications. 

Papers presented before National meetings, Sections of 
the SocIETY, committee reports and papers dealing with 
results of research investigation, details as to technique 
and kindred papers will be favored as to time and space. 

Papers presented before joint meetings with other 
societies shall be treated as special cases and the rights 
of cooperating organizations shall be fully recognized. 

The immediate supervision of the work in handling of 
publication details shall rest in the hands of an Editor 
who shall, however, at all times be responsible to the 
Publications Committee. In case of doubt as to policy 
in regard to editorials, advertising and technical papers, 
the Editor shall call upon the Publications Committee, 
except that in the case of disagreement, it will be referred 
to the Executive Committee of the Society. 

The Editor shall delete all advertising from papers 
and an author may not bring in the name of his company 
more than once in an article and preferably not at all. 
The title and connection of the author of any paper may 
be indicated by suitable footnote. All trade names not 
generally accepted by the Nomenclature Committee may 
be deleted at the option of the Editor. The author or his 
company may, however, use the advertising space in a 
particular issue in which his article appears to bring out 
advertising points, subject, however, to the general re- 
quirements for advertising matter. 

Papers dealing with comparisons relating to competi- 
tive processes when originating with a manufacturer of 
equipment shall not be accepted for publication. When 
such papers originate with ‘‘users’’ they may be accepted 
if advancing the general aims and objectives of the So- 
CIETY, 

The AMERICAN WELDING Society is primarily con 
cerned with welding, cutting and allied processes. Inas- 
much as there are other organizations and publications 
which cover other fields, articles shall in general deal 
with welding and cutting matters or their closely allied 
processes. Articles dealing with the use of welding and 
or cutting equipment for other purposes than that indi- 
cated above shall in general not be published in the 
JOURNAL. 

Each author may receive up to six copies of the Jour- 
NAL in which his article appears without charge. 


The Publications Committee may not incur any ex- 
pense in connection with the publication unless provided 
for in the annual budget or by the Executive Committee 
The Editor of the JourNat shall be required to manage 
publication costs in such a way that the total for the year 
shall not vary more than 5% from the allotted budget 
Modifications in the budget and other special arrange- 
ments may be made upon approval of the Finance and 
Executive Committees. The Editor shall be permitted 


to solicit cooperation from individuals, companies, com 
mittees and associations in defraying costs of cuts, draw 
ings or extraordinary printing expenses. 


Award of Medals 


BOARD OF AWARD 


Samuel Wylie Miller Medal established 1927, by 
5S. W. Miller, to be awarded during his lifetime for any 
meritorious achievement which, in the judgment of the 
Board of Trustees of the Medal, has contributed con- 
spicuously to the advancement of the art of gas fusion 
welding and cutting or the art of electric arc fusion 
welding and cutting. Annually available, $150. Indi- 
viduals only, but of any country and of any age, shall be 
eligible for the award. 

Mr. Miller died on February 3, 1929, and with his 
death the medal ceased to exist. The Society, desiring 
to perpetuate the medal as a memorial to Mr. Miller, at 
the 1929 Annual (April) Meeting by resolution estab- 
lished the Samuel Wylie Miller Memorial Medal. The 
award is made annually by the Board of Award for any 
meritorious achievement which, in the judgment of the 
Board of Award, has contributed conspicuously to the 
advancement of the art of welding and cutting. 


RECIPIENTS OF MEDALS 


SAMUEL WYLIE MILLER MEDAL 


Awarded to 
C. A. Adams (1927) 
J. H. Edwards (1928) 


SAMUEL WYLIE MILLER MEMORIAL MEDAL 


Awarded to 
J. W. Owens (1929) 
E. H. Ewertz (1930) 
F. P. McKibben (1931) 
H. H. Moss (1932) 
J. C. Lincoln (1933) 
C. A. McCune (1934) 
H. M. Hobart (1935) 
H. S. Smith (1936) 
J. W. Meadowcroft (1937) 
C. J. Holslag (1938) 
W. Spraragen (1939) 
D. Arnott (1940) 
H. C. Boardman (1941) 


Lincoln Gold Medal.—In December 1936, the Board 
of Directors gratefully accepted the generous offer of 
Mr. J. F. Lincoln, president of the Lincoln Electric 
Company to donate a medal to be given annually through 
the AMERICAN WELDING Society for the paper published 
in the AMERICAN WELDING SoOcIETY JOURNAL and pre 
sented before a Section or National Meeting that has 
contributed most to the development and advancement 
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of welding in the judgment of a committee appointed by 
the Society. 
The following awards have been made: 
1937—T. M. Jackson 
1938—J. C. Hodge and C. R. Sadler 
1939—G. O. Hoglund and G. S. Bernard, Jr. 
1940—H. J. French and T. N. Armstrong 
1941—R. H. Aborn 
1942—G. A. Ellinger, A. G. Bissell and 
M. L. Williams 


I, REGULATIONS GOVERNING THE BOARD OF 
AWARDS 


1. Membership.—The Board of Awards shall consist 
of five members of the AMERICAN WELDING SOcIETY. 
One member shall retire each year. The President of the 
Society shall appoint a member each year to serve from 
the first day of the month next following the first session 
of the annual meeting of the Socrery for a term of five 
years. The senior member of the Board shall be chair- 
man of the Board of Awards. ; 

2. Duties—The Board of Awards each year shall 


select the persons to receive the awards made by the 
SOCIETY. 


II. REGULATIONS GOVERNING THE AWARD OF THE 
SAMUEL WYLIE MILLER MEMORIAL MEDAL 


1. Donor.—The AMERICAN WELDING Society. 

2. Purpose.—To commemorate the many unique con- 
tributions of Samuel Wylie Miller to the science and art 
of welding, his unselfish encouragement of others, his 
achievements and effective work in convincing engineers 
and the public that welding should take its rightful place 
as a recognized method of fabricating metals, and es- 
pecially his important contributions to the formation 
and early success of the AMERICAN WELDING SOCIETY. 

3. Award.—The medal shall be awarded each year to 
the person who in the judgment of the Board of Awards is 
most deserving for conspicuous contributions to the 
advancement of the welding or cutting of metals. 

4. Eligibles—Any person shall be eligible for this 
award whether or not a member of the AMERICAN WELD- 
ING SOCIETY. 

5. Presentation.—The medal for each year together 
with a suitable certificate shall be presented at a session 
of the Annual Meeting of the AMERICAN WELDING 
Society next following the year for which the award is 
made. The presentation shall be made by the chairman 
of the Board of Awards or by a member of the Society 
designated by the chairman. 


Ill. REGULATIONS GOVERNING THE AWARD OF THE 
LINCOLN GOLD MEDAL 


1. Donor.—Mr. J. F. Lincoln, President, Lincoln 
Electric Co. 

2. Purpose.—To encourage the presentation before 
the AMERICAN WELDING Society of papers which are 
effective in promoting the use of welding. 

3. Award.—The medal shall be awarded each year 
to the author or authors of the paper which in the judg- 
ment of the Board of Awards is the greatest original 
contribution to the advancement and use of welding. 


4. Eligibles: 


(a2) For the author or authors to be eligible for this 
award, the paper shall describe clearly original work done 
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by them or under their supervision on welding in any of 
its aspects by any method or process. 

(6) The paper shall be a full disclosure of the subject. 

(c) The paper shall contain no statement which js 
unethical advertising or sales promotion. The paper 
may contain statements of fact including the names of 
either individuals or organizations of any kind, commer. 
cial designations, trade names, etc. 

(d) Papers having more than three authors shall not 
be considered for this award. 

(e) Any one may be an author of a paper considered 
for this award whether or not a member of the AMERICAN 
WELDING SOCIETY. 

(f) For the author or authors to be eligible for this 
award, the paper shall have been published in an issue 
of THE WELDING JOURNAL during a twelve-month period 
ending with the July issue before the Annual Meet- 
ing, and also, the paper shall have been presented or 
scheduled for presentation either at a meeting of the 
AMERICAN WELDING Society or a meeting of any divi- 
sion or section of the Society. 

5. Presentation.—The medal, bearing on the reverse 
side the name of each author of the paper, together with 
a suitable certificate, shall be presented at a session of 
the Annual Meeting of the AMERICAN WELDING Society 
during the year for which the award is made by the 
Chairman of the Board of Awards or by a member of the 
Society designated by the Chairman. Each author of 
the paper for which the award is made shall receive a 
medal and a certificate and the medals and certificates 
shall be duplicates. 


IV. CONTEST RULES FOR TECHNICAL PAPERS ON 
RESISTANCE WELDING SUBJECTS 


1. Donor.—Resistance Weldér Manufacturers’ As- 
sociation. 

2. Purpose.—To encourage the preparation of out- 
standing papers dealing with Resistance Welding sub- 
jects. 

3. Award.—Two prizes of $100 each shall be awarded 
each year to the authors of two papers, which in the judg- 
ment of the Board of Awards, are the greatest original 
contributions to the advancement and use of Resistance 
Welding. One of these prizes shall go to the best paper 
emanating from a university source, that is, either an 
instructor, student or research fellow at a recognized 
university. The other award shall be for the best paper 
emanating from an industrial source, consulting engi- 
neer, government laboratory or the like. 

4. Eligibles: 

(a) The contest is open to anyone, without restric- 
tion, except as noted below, from the United States, its 
possessions and Canada. It is also open to any member 
of the AMERICAN WELDING Society in any grade from 
any place in the world. (The only exceptions to the 
above include anyone who is directly employed by the 
Resistance Welder Manufacturers’ Association.) 

(6) The contest opened September 1, 1942, and closes 
midnight, July 31, 1943. 

(c) All papers submitted in the contest become the 
joint property of the R.W.M.A. and the AMERICAN 
WELDING Society, who will retain all rights thereto. 

The American Society will appoint 
three judges (to be announced later in the columns of 
THE WELDING JOURNAL) who will judge the relative 
merits of the various papers submitted and make the 
awards accordingly. The decision of the judges will be 
final. 

(e) For the author or authors to be eligible for this 
award, the paper shall describe clearly original work 
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done by them or under their supervision on resistance 
welding in any of its aspects by any method or process. 
The paper shall be a full disclosure of the subject. The 
paper shall contain no statement which is unethical ad- 
vertising or sales promotion, The paper may contain 
statements of fact including the names of either indi- 
viduals or organizations of any kind, commercial designa- 
tions, trade names, etc. 

(f) Minimum length requirement—2500 words. 

(g) Papers submitted in this contest may, at the dis- 
cretion of the editors of THE WELDING JOURNAL, be pub- 
lished in the JOURNAL, or any other technical publica- 
tion, at any time the editors of the JouRNAL see fit and 


Officers and Committees 


not necessarily waiting until the expiration date of the 
contest. 

(hk) All papers must be typewritten, single spacing, 
written on one side only of blank white paper. Photo- 
graphs, charts, graphs, etc., may either be attached di- 
rectly to the copy or may be detached, in which case 
they should be clearly identified with figure numbers, 
captions, etc. 

(i) Papers which are to be presented at the Annual 
Meeting of the AMERICAN WELDING Socrety in October 
may also be entered in this contest in which case a draft 
or copy of the paper must be filed with the WELDING 
Society not later than July 31st. 


American Welding Society 


BOARD OF DIRECTORS 
1942-1943 


President—K. L. Hansen, Consulting Electrical Engineer, 
Harnischfeger Corp., Milwaukee, Wis. 

First Vice-President—Davip Arnott, American Bureau of Ship- 
ping, New York, N. Y. 

Second Vice-President—Isaac HARTER, Babcock & Wilcox Co., 
Barberton, Ohio. 


District Vice-Presidents 

New York and New England District—E. R. Fisn, Chief Eng., 
Boiler Div., Hartford Steam Boiler Insp. & Ins. Co., Hartford, 
Conn. 

Middle Eastern District—J. H. HUMBERSTONE, National Research 
Council, 850 Euclid Ave., Cleveland, Ohio 

Middle Western District—J. D. Teppen, Chief Resistance Weld- 
ing Unit, General Industrial Equipment Branch, W.P.D., 
Washington, D. C. 

Southern District—K. B. Banxs, Asst. Chief Engineer, Black 
Sivalls & Bryson, Oklahoma City, Okla. 

Pacific Coast District—P. D. McEtrisn, Chief Materials Engi- 
neer, Los Angeles Div., Standard Oil Co. of Calif., Los Angeles, 
Calif. 

Treasurer—O. B. J. FraSeER, International Nickel Co., New 
York, N. Y. ; 


DIRECTORS-AT-LARGE 


Honorary Director—C. A. Adams, E. G. Budd Mfg. Co., Phila- 
delphia, Pa. 
Term Expires 1943: 
H. O. Hill, Bethlehem Steel Co., Bethlehem, Pa. 
J. H. Deppeler, Metal & Thermit Corp., New York, N. Y 
E. L. Mathy, Victor Welding Equipment Co., San Francisco, 
Calif. 
A. G. Bissell, Bureau of Ships, Navy Dept., Washington, D. C. 
*H. C. Boardman, Chicago Bridge & Iron Co., 1305 W. 105th St., 
Chicago, III. 
Term expires 1944: 
Frank B. Bolte, Process Engineer, Boeing Aircraft Co., Seattle, 
Wash. 
R. W. Clark, Welding Engineer, General Electric Co., Schenec 
tady, N. Y. 
F. L. Plummer, Research Engineer, Hammond Iron Works, 
Warren, Pa. 
R. G. LeTourneau, President, R. G. LeTourneau, Inc., Peoria, 
Il. 
*G. T. Horton, Chicago Bridge & Iron Co.,, 1305 W. 105th St., 
Chicago, III. 


Term Expires 1945: 
E. V. David, Air Reduction Sales Co., 60 E. 42nd St., New York, 
N. Y 


J. H. Critchett, Vice-President, Union Carbide & Carbon Re- 
search Labs., Inc., New York, N. Y. 

A. C. Weigel, Vice-President, Combustion Engineering Co., Inc., 

New York, N. Y¥ 


PERSONNEL OF COMMITTEES 


J. D. Gordon, General Manager, Taylor-Winfield Corp., Warren, 
Ohio 
*G. F. Jenks, Taylor-Winfield Corp., Warren, Ohio 


OTHER OFFICERS OF THE SOCIETY 


Secretary—M. M. Ke tty, 33 West 39th Street, New York, N. Y. 

Journal Editor—W. SPRARAGEN, 33 West 39th St., New York, 

Technical Secretary—L. M. DaLcueEr, 33 West 39th St., New York. 
N.Y 


PAST-PRESIDENTS OF AMERICAN WELDING SOCIETY 


C. A. Adams (1919-20) E. A. Doyle (1930-32) 

J. H. Deppeler (1920-21) +F. P. McKibben (1932-34) 
tS. W. Miller (1921-22) D. S. Jacobus (1934-35) 
tC. A. McCune (1922-23) J. J. Crowe (1935-36) 

tT. F. Barton (1923-24) A. E. Gibson (1936-37) 

E. H. Ewertz (1924-25) +P. G. Lang, Jr (1937-38) 
A. G. Oehler (1925-26) H. C. Boardman (1938-39) 
F. M. Farmer (1926-28) G. T. Horton (1939-40) 

F. T. Llewellyn (1928-30) G. F. Jenks (1940-42) 


Standing Committies 
of the 
American Welding Society 


Executive Committee: 


K. L. Hansen, Chairman E. R. Fish 

C. A. Adams O. B. J. Fraser 
David Arnott H. O. Hill 

A. B. Bagsar D. S. Jacobus 
A. G. Bissell G. F. Jenks 
H. C. Boardman C. H. Jennings 
R. W. Clark J. F. Lincoln 
W. E. Crawford J. D. Gordon 
E. V. David A. S. Low 


J. H. Deppeler 


H. M. Priest 
R. S. Donald H 


. S. Smith 


Finance Committee: 
O. B. J. Fraser, Chairman E. V. David 
David Arnott R. D. Thomas 
H. C. Boardman M. M. Kelly 


Membership Committee: 
Co-Chairmen 


A. F. Davis r. C. Fetherston 


J. D. Tebben 
D. H. Corey, Secretary 


* Junior Past-Presidents t Deceased 
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Section 
Birmingham 
Boston 
Chattanooga 
Chicago 
Cincinnati 
Cleveland 
Colorado 
Columbus 
Connecticut 
Detroit 
Georgia 
Hawaii 
Indiana 
Kansas City 
Los Angeles 
Louisiana 
Maryland 
Milwaukee 
New York 
Northern, N. Y. 
Western, N. Y. 


Northwest 


Oklahoma City 
Omaha 

Peoria 
Philadelphia 
Pittsburgh 
Puget Sound 
Quad-Cities 
Rochester 

St. Louis 

San Francisco 
South Texas 
Tulsa 
Washington 
Wichita 
Youngstown 
York 

Lake Shore 
Northern, N. J. 


J. L. Edwards 


Members-at-Large 


Elmer Isgren 
E. A. Kerbey 


Chairman 


Vembership Committee 


J. E. Durstine 
W. D. Strathdee 


Clyde G. Bassler 


Gilbert Kells 
J. H. Johnson 
E. W. Beeler 
Gustave Welter 
Earl Foss 

E. Guillot 

J. K. Mardick 
J. R. Wirt 

E. D. Anderson 
David Bisbee 
H. H. Helper 


J. C. Cumberland 


H. J. Gilson 

E. A. Kerbey 

J. R. Lipsky 

G. H. Schliecker 


‘ John Mikalak 


Committee on Admissions: 
O. T. Barnett, Chairman 


H. A. Lindeke 
M. A. Winters 


L. O’Day 

Geo. R. Johnson 
A. J. Deacon 
Geo. Brett 

W. J. Foley 
Paul Ecklund 
A. W. Harris 
M. Maltseff 

H. K. Smith 
Austin Coats 
H. L. Ingram 
R. L. Townsend 
Paul Maloney 
A. B. Heilman 
W. W. Burger 
Thos. B. Smith 


Committee on Program: 


David Arnott, Chairman 
W. Spraragen, Secretary 
E. C. Brecklebaum 


A. M. Candy 
J. J. Chyle 

D. H. Corey 
E. V. David 


E. J. Del Vecchio 


R. S. Donald 


T. C. Fetherston 
O. B. J. Fraser 
LaMotte Grover 


R. L. Kohlbry 
D. W. Patterson 
C. P. Sanders 


Prestige Man 


W. P. McCutcheon 
Peter E. Kyle 

E. C. Chapman 

H. C. Boardman 
W. W. Petry 

A. E. Gibson 
Horace Jackson 

F. C. Caldwell 

E. R. Fish 

Vaughn Reid 


Wayne N. McGlade 
J. A. Hall 


Mace H. Bell 
Bela Roonay 
R. W. Sternke 
W. A. Howard 
R. W. Clark 


L.O. Schneiderwind 
G. R. Roberts 

W. W. Barnes 

J. F. Minnotte 

J. O’Rourke 


E. L. Mathy 
B. Farquhar 


Robert Haas 


D. C. Ogilvie 


L. S. McPhee 
J. F. Maine 
W. F. Hess 


G. O. Hoglund 


C. H. Jennings 
A. B. Kinzel 
Milton Male 
R. E. Powell 
F. L. Plummer 
V. H. Schnee 


C.E 
J.W 
J.D 


. Shearer 
. Sheffer 
. Tebben 


E. Vom Steeg 


Committee on Publication: 


A. C. Weigel, Chairman 
W. Spraragen, Secretary 


C. A. Adams 


? 


Committee on Revision of By-Laws 
H. O. Hill, Chairman 


J. J. Crowe 


. C. Fetherston 
. I. MacGuffie 


Milton Male 
A. G. Oehler 
P. W. Swain 
G. Van Alstyne 


H. M. Priest 


PERSONNEL OF COMMITTEES 


Committee on Code of Principles of Conduct: 


A. E. Gibson, Chairman E. H. Ewertz 


E. A. Doyle D. S. Jacobus 
F. M. Farmer 


Committee on Outline of Work: 


R. W. Clark, Chairman Technical Committee Chair 


H. O. Hill, Vice-Chairman men 

H. C. Boardman, Member-at- W. Spraragen, Acting Tech. 
Large nical Secretary 

O. B. J. Fraser, Member-at- 
Large 


Educational Committee: 


Committee not yet appointed. 


Committee on Awards 
W. F. Hess, Chairman 
K. V. King 
E. M. T. Ryder 


A. M. Candy 
D. H. Corey 


Committee on Permanent Funds: 


L. S. Moisseiff, Chairman 
R. S. Donald 
G. T. Horton 


Isaac Harter 
O. B. J. Fraser 
A. G. Oehler 


Public Relations Committee 


H. S. Smith, Chairman 


O. Jackson 
H. F. Reinhard, Secretary 


S. Jacobus 
A. F. Davis 
J. H. Deppeler 


M. Meyers 


J. 
D. 
J. I. Banash C. I. MacGuffie 
A. 
E. C. Smith 


Publicity Committee: 


Ed. C. Powers, Chairman 
L. P. Aurbach 

E. J. Del Vecchio 

R. S. Donald 

T. C. Fetherston 

I. S. Ford 

T. B. Jefferson 

H. J. Kerr 


W. R. McDonough 
J. S. Smith 
Merritt L. Smith 
W. Spraragen 

J. L. Stoner 

J. D. Tebben 

G. Van Alstyne 

F. T. Van Syckel 


Convention Committee: 


E. V. David, Chairman 

Vice-Chairman, Chairman, Local Section where meeting is held 
M. M. Kelly, Secretary 

O. B. J. Fraser, Treasurer 

C. I. MacGuffie, Chairman, Manufacturers Committee 

Ed. C. Powers, Chairman, Publicity Committee 

David Arnott, Chairman, Program Committee 

W. Spraragen, Secretary, Program Committee 

Secretary, Local Section where meeting is held 


Manufacturers Committee: 


C. I. MacGuffie, Chairman W. W. Reddie 

W. B. Baker M. H. Rutishauser 
W. H. Bleecker E. C. Smith 

V. H. Van Diver J. B. Tinnon 

M. S. Clark G. Van Alstyne 
Fred Connell I. B. Yates 


A. F. Davis 
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Chair 


held 


Section Advisory Committee: 


R. D. Thomas, Chairman 
Cc. W. Roberts 
A. J. Moses 


Louis Larson 


F. C. Fyke 


J. L. Fizzell 


SPECIAL COMMITTEES 
Second Welding Handbook Committee: 


D. S. Jacobus, Chairman 
Cc. A. Adams 
H. C. Boardman 


W. F. Hess 


C. W. Obert 


W. Spraragen 


Resistance Welding Advisory Committee: 


J. W. Meadowcroft, Chairman 
W. T. Ober 
M. B. Gathman 


R. T. Gillette 


J. D. Gordon 
G. O. Hoglund 


Automotive Welding Advisory Committee: 


Authorized by Board of Directors at June 3, 1941, meeting but 


personnel not named. 


Technical Committees of the 
American Welding Society 


Aircraft Welding Standards Committee: 


G. S. Mikhalapov, Chairman 
H. L. Chiles, Vice-Chairman 


P. H. Merriman, Vice-Chairman 


Eastern Division: 

P. H. Merriman, Chairman 
P. Altman 

D. Berlin 

R. E. Bowman 

L. W. Boelter 

J. T. Gray 

G. 0. Hoglund 

H. J. Kligora 

D. L. Lingle 

F. H. Morris 

Western Division: 

H. L. Chiles, Chairman 
B. Binge , 

F. Bolte 

E. Dean 

L. E. Earnest 

B. Gross 

G. M. Guy 


J. Ogden 

W. F. Partridge 
N. E. Promisel 

. L. Rich 

. G. Robinson 

. W. Schmidt 

. C. Titherington 
A. A. Vollmecke 
A. Wilson 


C. Hibert 

B. Lewis 

E. Siefkin (Alternate) 
M. Nelles 

T. E. Piper 

L. R. Spaulding 


Subcommittee on Resistance Welding: 


Eastern Division: 

P. H. Merriman, Chairman 
R. E. Anthony 

D. Berlin 

R. L. Briggs 

R. Bowman 

L. W. Boelter 

N. Cogan 

E. Courtemanche 

J. W. Dawson 

E. H. Foss 

G. W. Garman 

F. R. Hensel 

G. O. Hoglund 

G. S. Bernard, Jr. (Alternate) 


Western Division: 
= L. Chiles, Chairman 
3 


. Binge 
F. Bolte 
E. Dean 


A. F. Bernard (Alternate) 
L. E. Earnest 
B. Gross 


S. M. Humphrey 
H. J. Kligora 

T. R. Lawson 

R. R. Moore 

J. Ogden 

W. F. Partridge 
N. E. Promisel 
S. L. Rich 

H. W. Schmidt 
G. N. Seiger 

M. Sciaky 

C. C. Titherington 
T. A. Wilson 


G. M. Guy 

C. Hibert 

B. Lewis 

E. Siefkin (Alternate) 
M. Nelles 

J. G. Oberholtzer 

T. E. Piper 


PERSONNEL OF COMMITTEES 


Subcommittee on Arc and Gas Welding: 
Eastern Division: 


P. H. Merriman, Chairman A. N. Kugler 

L. C. Bibber r. R. Lichtenwalter 
D. Berlin F. N. Morris 

R. Bowman W. F. Partridge 

L. W. Boelter N. E. Promisel 

J. H. Deppeler S. L. Rich 

M. Fleishmann H. W. Schmidt 


V. Forgette A. K. Seemann 
G. O. Hoglund T. A. Wilson 

J. H. Humberstone A. J. Williamson 
H. J. Kligora 


Western Division: 


M. Nelles, Chairman G. M. Guy 

B. Binge C. Hibert 

F. Bolte B. Lewis 

E. Dean E. Siefkin (Alternate) 
A. F. Bernard (Alternate) L. R. Spaulding 

L. E. Earnest T. E. Piper 


B. Gross 


A.W.S.-A.S.T.M. Committee on Filler Metal: 


J. H. Deppeler, Chairman G. 0. Hoglund 


L. M. Dalcher, Secretary 1. H. Humberstone 
David Arnott A. Hurtgen 

A. B. Bagsar J. T. Jarman 

F. E. Bash G. F. Jenks 


J. E. Bechtle L. H. Johnson 
L. C. Bibber Jonathan Jones 
V. W. Bihlman L. B. Jones 
W. H. Bleecker H. J. Kerr 

H. C. Boardman Dartrey Lewis 


R. E. Bowman J. F. Lincoln 

C. F. Braun V. T. Malcolm 
C. W. Briggs G. A. Maurath 
M. H. Brown J. C. McKay 
Bureau of Ships, Navy Dept W. E. McKenzie 
A. W. Carpenter Crosby Miller 
T. P. Champion N. L. Mochel 
E. C. Chapman C. E. Morgan 
J. J. Chyle D. Neliman 

R. W. Clark A. J. Raymo 

J. H. Critchett M. E. Reid 

G. M. Croft H. W. Schmidt 
J. J. Crowe W. W. Schmidt 
B. H. DeLong J. W. Sheffer 
A. W. Demmler J. A. Smail 

L. H. Dunham T. G. Stitt 

F. H. Frankland A. E. Taylor 

O. B. J. Fraser R. D. Thomas 
J. R. Freeman, Jr C. R. Vincent, Jr 
F. C. Fyke W. L. Warner 
C. F. Gailor C. W. Wheatley 
F. Garratt V. W. Whitmer 
C. S. Glenn J. L. Wilson 

P. B. Greenwald (Alternate) L. H. Winkler 

J. H. Hall W. F. Zerbe 


J. C. Hodge 


A.W.S.-A.W.W.A. Committee on Specifications for Field 
Welding of Water Pipe Joints: 


W. W. Hurlbut, Chairman 


Representatives of A.W.S Representatives of A.W.W.A 
H. C. Boardman R. B. Diemer 

H. M. Chadwick G. W. Hamlin 

M. Ettington R. C. Kennedy 

>. H. Garrett L. G. Lenhardt 

H. O. Hill H. A. Price 


Conference Committee on Welded Bridges: 
A. R. Wilson, Chairman 


Jonathan Jone 


L. M. Dalcher, Secretary Fred Kellam 
Raymond Archibald A. M. Knowl 
A. W. Carpenter C. E. Loos 
Chairman of Committee XV L. S. Moisseiff 
of A.R.E.A. N. W. Morgan 
F. H. Frankland H. H. Moss 
T. H. Gardner F. J. Pitcher 
C. F. Goodrich C. E. Sloan 
LaMotte Grover W. Spraragen 
G. A. Haggender L. G. Sumner 
W. S. Hindman A. Vogel 
Walter C. Hopkins J. L. Vogel 


W. M. Wilson 
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Subcommittee on Materials: 
J. Jones, Chairman 

F. H. Frankland 

H. H. Moss 


Subcommittee on Workmanship & Technique: 

A. W. Carpenter, Chairman C. E. Loos 

L. M. Dalcher, Secretary N. W. Morgan 
LaMotte Grover H. H. Moss 
Jonathan Jones 


W. Spraragen 
A. R. Wilson 


Subcommittee on Fatigue & Impact: 
A. Vogel, Chairman 
Correlating Committee: 
Jonathan Jones, Chairman 
L. S. Moisseiff 

Editorial Committee: 

N. W. Morgan, Chairman H. H. Moss 
J. Jones L. M. Dalcher 
Subcommittee on Definitions: 


N. W. Morgan, Chairman 
A. W. Carpenter 
L. M. Dalcher 


Subcommittee on Design: 


LaMotte Grover, Chairman J. Jones 
L. M. Dalcher, Secretary N. W. Morgan 
F. H. Frankland J. L. Vogel 


Jonathan Jones 


W. Spraragen 


C. E. Loos 
H. H. Moss 


Committee on Building Codes: 


T. R. Higgins, Chairman LaMotte Grover 
L. M. Dalcher, Secretary Jonathan Jones 
F. Eder M. P. Korn 
J. L. Edwards C. W. Obert 


A. R. Ellis V. R. P. Saxe 
G. D. Fish C. A. Trexel 
F. H. Frankland A. Vogel 


C. F. Goodrich 

Subcommittee on General Provisions: 

Jonathan Jones, Chairman LaMotte Grover 
L. M. Dalcher T. R. Higgins 

J. L. Edwards V. R. P. Saxe 
G. D. Fish 

Subcommittee on Design of Welded Connections: 

C. A. Trexel, Chairman LaMotte Grover 
L. M. Dalcher T. R. Higgins 

J. L. Edwards Jonathan Jones 
C. F. Goodrich V.R. P. Saxe 


Subcommittee on Workmanship: 

LaMotte Grover, Chairman T. R. Higgins 

L. M. Dalcher A. Vogel 

Subcommittee on Inspection: 

V. R. P. Saxe, Chairman A. R. Ellis 

L. M. Dalcher T. R. Higgins 

F. Eder C. W. Obert 

Subcommittee on Code for Resistance Welding in Building Con- 
struction: 

(Personnel to be named) 

Advisory Subcommittee on Welding Provisions of New York City 
Building Code: 

F. H. Frankland, Chairman 

L. M. Dalcher 

E. A. Doyle 

G. D. Fish 


LaMotte Grover 
T. R. Higgins 
E. Vom Steeg 


Committee on Definitions and Chart: 


R. W. Clark, Chairman 

L. M. Dalcher, Secretary 

L. C. Bibber 

Bureau of Ships, Navy Dept. 
J. H. Deppeler 

Leo Edelson 

P. M. Hall 


Wm. E. McKenzie 
G. Mikhalapov 

N. W. Morgan 

C. W. Obert 

F. C. Saccke 

J. J. Vreeland 


Committee on Recommended Practices for Inspection of 


Welding: 


E. R. Fish, Chairman 

L. Dalcher, Secretary 
Bureau of Ships, Navy Dept. 
Perry Cassidy 

Everett Chapman 


A. N. Kugler 
Wm. E. McKenzie 
C. O. Myers 
C. W. Obert 
J. F. Randall 


PERSONNEL OF COMMITTEES 


G. L. Cox S. M. Spice 

A. J. Deacon W. G. Theisinger (Alternate) 
F. Eder C. M. Underwood 

F. C. Fyke J.-J. Vreeland 

I. T. Hook J. L. Wilson 


R. C. Kennedy 


Committee on Welding in Marine Construction: 


David Arnott, Chairman 

H. W. Pierce, Vice-Chairman 
W. Spraragen, Secretary 

L. C. Bibber 

Bureau of Ships, Navy Dept. 
R. H. Cunningham 

E. D. Debes 

J. H. Deppeler 

E. M. Enslin 

E. R. Fish 

LaMotte Grover 

F. D. Hesley 

T. M. Jackson J. F. Wood 

D. S$. Jacobus H. A. Woofter 
Subcommittee on Hull Construction: 

D. Arnott J. H. Deppeler 
Bureau of Ships, Navy Dept. T. M. Jackson 


R. H. Cunningham H. W. Pierce 
L. C. Bibber 


Subcommittee on Marine Boilers, Pressure Vessels and Piping: 
D. S. Jacobus, Chairman H. C. E. Meyer 

D. Arnott C. W. Obert 

Bureau of Ships, Navy Dept. S. S. Scott 

E. R. Fish J. W. Wilson 

T. M. Jackson J. F. Wood 

B. E. Meurk H. A. Woofter 
Subcommittee on Thermal Stresses: 
H. W. Pierce, Chairman 

D. Arnott 

L. C. Bibber 


B. E. Meurk 

H. C. E. Meyer 
H. W. Northcutt 
C. W. Obert 

J. W. Owens 

B. A. Russell 

S. S. Scott 

F. M. Scotten 
H. H. Troger 

H. B. Vaughan, Jr. 
A. C. Weigel 

J. W. Wilson 


R. H. Cunningham 
E. D. Debes 
T. M. Jackson 


Committee on Standard Tests for Welds: 


M. F. Sayre, Chairman 

L. M. Dalcher, Secretary 
Bureau of Ships, Navy Dept. 
R. W. Clark 


A. N. Kugler 
GsS. Mikhalapov 
J. F. Randall 


A.W.S.-A.S.M.E. Conference Committee: 


C. W. Obert, Chairman 
C. A. Adams 
H. C. Boardman 


Walter Samans 
A. C. Weigel 


Committee on Standard Qualification Procedure: 


W. D. Halsey, Chairman 
L. M. Dalcher, Secretary 
Bureau of Ships, Navy Dept. 


F. C. Fantz 
H. O. Hill 
C. H. Jennings 


P. R. Cassidy C. W. Obert 

R. W. Clark J. F. Randall 
F. H. Dill W. W. Schmidt 
F. Eder 


Subcommittee on Grouping of Materials for Procedure and Operato 
Qualifications: 

C. H. Jennings, Chairman 

L. C. Bibber 

A. G. Bissell 

J. H. Deppeler 

W. D. Halsey 


N. L. Mochel 

H. W. Pierce 

J. F. Randall 
Chas. Schenck 
W. G. Theisinger 


Committee on Pressure Piping: 


W. D. Halsey, Chairman T. W. Greene 


A. B. Bagsar L. R. Hodell 

G. O. Carter A. M. Houser 
R. W. Clark A. Kidd 

D. H. Corey N. L. Mochel 
J. J. Crowe B. N. Osmin 


Design Manager, Bureau of A. L. Penniman, Jr. 
Yards & Docks, Navy Dept. B. Robinoff 
F. C. Fantz J. H. Williams 


Committee on Minimum Requirements of Instructions for 


Welding Operators in Trade Schools: 


A. B. Wrigley, Chairman J. M. Hall 

L. M. Dalcher, Secretary L. S. Hawkins 
John Adams H. K. Hogan 
H. L. Allen A. N. Kugler 
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nate) 


ng: 


rato 


for 


H. L. Amonette 
A. F. Davis 
G. H. Fern 


The Secretary of the Navy 
A. K. Seemann 
G. R. Singleton 


Committee on Safety Recommendations: 


H S. Smith, Chairman 
T. I. Banash 
R. S. Bonsib 


J. H. Deppeler 


committee on Recommended Procedure for Welding or Cutting 


A. N. Kugler 
W. W. Reddie 
E. Vom Steeg 


C ‘ontainers That Have Held Combustibles: 


H. F. Reinhard, Chairman 
F. P. Gross, Secretary 

S. S. Adelson 

R. S. Bonsib 


H. H. Lester, Chairman 
L. M. Dalcher, Secretary 
Cc. A. Adams 


Bureau of Ships, Navy Dept. 


A. V. deForest 
G. F. Jenks 


Committee on Symbols: 


L. C. Bibber, Chairman 
L. M. Dalcher, Secretary 
W. A. Bischoff 


Bureau of Ships, Navy Dept. 


A. M. Candy 
R. W. Clark 


G. F. Jenks, Chairman 
Peter Altman 

Don Berlin 

G. S. Bernard 

J. D. Bert 

L. C. Bibber 

F. B. Bolte 

Robt. Bowman 

T. J. Brosnan 


Bureau of Ships, Navy Dept. 


G. Burrows 

H. L. Chiles 

L. W. Clark 

J. H. Cooper 
David Cronin 

J. W. Dawson 
C. W. Dodge 
John Dykstra 
L. E. Earnest 
John Fetcher 

E. W. Forker 
O. B. J. Fraser 
O. Fredericks 
Chas. Gallant 
M. B. Gathman 
W. E. Geilselman 
R. T. Gillette 

E. C. Graves 

P. M. Hall 

H. P. Heath 
Ross Heilman 

C. E. Heitman 
F. E. Henderson 
F. R. Hensel 
W. F. Hess 

C. L. Hibert 

I. T. Hook 

A. House 

H. B. Huester 


Subcommittee on Recommended Resistance Welding Procedures: 


S. M. Spice, Chairman 
L. C. Bibber 
Rufus Briggs 


Bureau of Ships, Navy Dept. 


G. Burrows 
J. H. Cooper 
John Fetcher 


E. W. Fowler 
A. F. Keogh 

D. E. Roberts 
E. Vom Steeg 


Committee on Non-Destructive Tests for Welds: 


W. D. Halsey 
J. K. McDowell 
P. R. McGrath 
N. L. Mochel 
J. W. Owens 


H. O. Hill 

C. H. Jennings 

A. B. S. Kvall (Alternate) 
G. Mikhalapov 

H. M. Priest 


Resistance Welding Standards Committee: 


J. B. Johnson 
G. L. Jones 
R. E. Kinkead 
C. F. Kounitz 
V. N. Krivobok 
Joseph Lex 
C. M. Manzer 
C. F. Marchner 
R. H. McCoury 
P. L. Merriman 
J. A. Merryman 
G. S. Mikhalapov 
C. A. Newman 
W. T. Ober 
E. O'Hara 
C. S. O'Neil 
V. H. Paviecka 
R. S. Pelton 

F. Randall 

L. Rich 

H. Roby 
fabel Rockwell 
M. F. Sayre 
J. W. Sheffer 
E. R. Siefkin 
F. P. Somers 
S. M. Spice 
E. R. Spittler 
H. M. Steward 
J. R. Stitt 
A. M. Unger 
W. J. Van den Akker 
E. H. Vedder 
W. L. Warner 
C. L. Watson 
R. A. Webster 
A. W. Woodward 
J. D. Wright 
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R. T. Gillette 

C. F. Kaunitz 

J. R. Lex 

C. E. Manzer 

G. S. Mikhalapov 
A. M. Unger 


Subcommittee on Standards for Resistance Welding Apparatus: 


S. M. Humphrey, Chairman 
Rufus Briggs 

Howard Coogan 

J. W. Dawson 


C. E. Manzer 
J. A. Merryman 
Mr. Moelenpah 
J. F. Randall 


PERSONNEL OF COMMITTEES 


A.S.A. Sectional Committee C-52—Electric Welding Appara- 


Committee on Rules for Field Welding of Storage Tanks: 


Committee on Weldability Tests for Steel: 


Committee on Standard Procedures of Welding and Stand- 


R. T. Gillette C. W. Steward 
J. R. Lex A. M. Unger 
R. W. McCoury B. Wise 


Subcommittee on Definitions and Chart of Resista 


P. M. Hall, Chairman 


nce Welding 


tus: 


L. W. Clark, Chairman 
L. M. Dalcher, Secretary 


r. R. Higgins 
C. J. Holslag 


J. H. Blankenbuehler R. E. Kinkead 

M. M. Brandon W. B. Kouwenhoven 
Bureau of Ships, Navy Dept E. J. W. Ragsdale 
J. O’R. Coleman W. W. Reddie 

W. 'y Crawford Fred Schnure 


E. Dissmeyer J. W. Sheffer 
Wray Dudley J. L. Wilson 
J. D. Gordon R. P. Winton 


W. F. Hess 


H. O. Hill, Chairman A. W. Johnson 

L. M. Dalcher, Secretary Fred L. Plummer 

H. C. Boardman G. Raymond 

Bryan Blackburn M. V. Reed 

E. W. Fowler Walter Samans 

L. R. Howson H. A. Sweet 

J. O. Jackson H. T. Welty 

A.P.I.-A.W.S. Conference Committee on All-Welded Oil Storage 
Tanks: 

A.W.S. Members A.P.I. Member 

H. O. Hill, Chairman C. C. Ashley 

H. C. Boardman Walter Samans 

Fred L. Plummer T. C. Smith 

G. Raymond H. M. Stevenson 

Malcolm Reed T. D. Tifft 


A.W.W.A.-A.W.S. Conference Committee on Elevated Steel Water 
Tanks, Standpipes and Reservoirs: 


A.W.S. Members A.W&4V.A. Members 
H. C. Boardman, Chairman L. R. Howson 
Bryan Blackburn H. A. Sweet 

H. O. Hill J. P. Schwada 

J. O. Jackson N. T. Veatch, Jr. 


A.W.S. Advisory Committee to the A.R.E.A. Committee on Welded 
Storage Tanks and Elevated Tanks for Railway Service 

A.W.S. Members A.R.E.A. Member 

H. C. Boardman, Chairman A. W. Johnson 

J. O. Jackson 


N. L. Mochel, Chairman H. O. Hill 

L. M. Dalcher, Secretary S. L. Hoyt 
David Arnott C. H. Jennings 
ns tol B ibber J B John on 

B. J. Brugge E. F. Kenny 
Bureau of Ships, Navy Dept A. B. Kinzel 

J. H. Deppeler J. O. Leech 

G. A. Ellinger G. S. Mikhalapov 
Paul Ffield H. W. Pierce 

H. J. French J. F. Randall 
LaMotte Grover W. G. Theisinger 
W. C. Hamilton W. L. Warner 


QO. E. Harder 


— tee on Tee Bend Test: 


G. A. Ellinger, Chairman B. J. Brugge 

L. Bibber L. M. Dalcher 
A. G. Bissell W. C. Theisinget 
Subcommittee on Weld Bead Hardness Test: 

C. H. Jennings, Chairman O. E. Harder 

L. M. Dalcher W. L. Warner 


J. H. Deppeler 


ards for Welded Joints: 


C. H. Jennings, Chairman J. H. Cooper 


L. M. Dalcher, Secretary E. R. Fish 

L. C. Bibber G. A. Ros Alternate) 
H. C. Boardman J. F. Randall 

Bureau of Ships, Navy Dept. F.C. Saack« 


R. W. Clark 
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Committee on Large Welded Pipe for Hydraulic Purposes: Sectional Committee Z-28—Work in Compressed Air: 

Wm. F. Durand, Chairman Robert Glover E. Vom Steeg 

W. J. Crook Hollister 

H. L. Doolittle K. V. King Sectional Gomis Z-32—Graphical Symbols and Ab. 

breviati f Drawi : 
Committee on Arc Welding Standards for Shop-Erected 
Low-Alloy Steel Structures Subject to Dynamic L. C. Bibber 
tresses: 
i American Society for Metals: 
(In process of organization) 


Metals Handbook Committee: 
H. L. Maxwell, assisted by-—Advisory Committee: 
Representatives of 
American Welding Society 
on Commi ttees O f O ther International Acetylene Association: 


Committee on Welding & Cutting Chapters of A.S.M Metals Hand 
S . ti book: 
Oocle es C. H. Jennings 


H. L. Maxwell 


R. W. Clark 
American Standards Association: 


Sectional Committee A-10—Safety Code for Construction American Society for Testing Materials: 


Work Committee A-10 on Iron Chromium, Iron Chromium Nickel & 
A. N. Kugler lated Alloys: 


L. H. Johnson 


Sectional Committee A-57—Building Code Requirements 


endl Committee B-5 on Copper & Copper Alloys: 
I. T. Hook 
r. R. Higgins L. M. Dalcher (Alternate) 
Sectional Committee B-31—Code for Pressure Piping: American Institute of Electrical Engineers: 
D. H. Corey L. M. Dalcher (Alternate) Committee on Electric Welding—Subcommittee on Power Supply 
F. C. Fantz T. W. Greene (Alternate) for Welding Operations: 
W. F. Hess G. Mikhalapov 


Sectional Committee C-42—Electrical Definitions: 
R. W. Clark L. M. Dalcher (Alternate) Association of American Railroads: 


C ittee on Fusion Welded Tank Car Tanks: 
Sectional Committee C-67—Preferred Voltages—100 Volts 0" fans 
and Under: J. J. Crowe 


I. B. Yates 


American Petroleum Institute: 


Sectional Committee Z-2—Protection of Heads, Eyes, etc. Field Welding of Casing: 
of Industrial Workers: J. J. Chyle — L. Van Ormer 
H. S. Smith H. F. Reinhard (Alternate) P. D. McElfish 


Sectional Committee Z-5—Ventilation Code: National Board of Boiler and Pressure Vessel Inspectors: 
H. S. Smith H. F. Reinhard (Alternate) C. W. Obert 


CONSTITUTION AND BY-LAWS 


Constitution of the American Welding Society 
Adopted March 27, 1919; Amended 


terchange of ideas with respect to the science and ar! 
of welding, and for the publication of information 


October 18, 1937 thereon. 
(c) To conduct research into the science and art o! 
ARTICLE I welding, cooperating with other societies, associations 
and governmental departments for the benefit of the 
Name industry in general. 

er ee (d) To acquire and dispose of property for the pu 

rhis Society shall be known and designated as the ) ‘ P viel cits 

poses aforesaid. 
AMERICAN WELDING SOCIETY. 


(e) To do all other things incidental or conducive t 
the attainment of the above-named objects, or of any 0! 
them. 


ARTICLE II 
Objects 


ARTICLE III 
The objects of the Society are: Membership 
(a) To advance the science and art of welding. ; 
(b) To afford its members opportunities for the in- 


Individuals, scientific societies, associations or govern 
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Ab- 


mental departments interested in welding are eligible for 
membership in this Society. 


ARTICLE IV 
Government 


The management of the affairs of the Society shall be 
in the hands of a Board of Directors. The Society for 
the conduct of its affairs may adopt by-laws, rules and 
regulations not inconsistent with this Constitution, and 
may provide methods for amending or repealing such 
by-laws, rules and regulations different from the method 
of amending this Constitution. 


ARTICLE V 
Cooperative Research 


In order to further its objects most effectively, the 
Society shall provide for the formation of a separate 
body to be known by some appropriate title for the pur- 
pose of joining with other societies, associations and gov- 
ernmental departments in cooperative research in 
welding. 


ARTICLE VI 
Amendments 


This Constitution may be amended by a two-thirds 
vote of the members voting, expressed orally or in writ- 
ing, at any Annual Meeting of the Society as set forth in 
the By-Laws, provided a notice stating the proposed 
amendment or amendments with the reasons therefore 
and any known objections shall have been sent to each 
member at least two weeks prior to said Annual Meeting. 


ARTICLE VII 
Expulsion of Members 


Upon the written request of ten or more members with 
full rights of membership stating specific reasons therein, 
any member classifying under Section 2, Article I of 
the By-Laws may be recommended for expulsion by the 
Board of Directors. If, at a regular meeting or special 
meeting of the Board of Directors, it is decided that there 
is or are presented sufficient reason or reasons for such 
expulsion, the Board shall notify the accused of the 
charges against him, by mailing a communication to the 
address of the accused as it appears in the records of 
the AMERICAN WELDING Society. He shall then have 
the right to present a written defense, and to appear for 
trial, in person or by duly authorized representative, be- 
fore a meeting of the Board of Directors, of which meet- 
ing he shall be notified at least thirty days in advance. 
Not less than two months after such a meeting, the 
Board of Directors shall finally consider the case, and if 
in the opinion of the Board of Directors the charges have 
been sustained, the accused may be expelled or sus- 
pended for such a period as the Board may determine, 
or he may be permitted to resign. 


By-Laws of the American Welding Society 


Adopted March 27, 1919. Amended April 28, 1921, 
April 14, 1922, January 23, 1924, December 23, 1925, 
July 20, 1927, March 14, 1931, December 26, 1933, No- 
vember 4, 1934, May 19, 1935, April 10, 1936, November 
IS, 1937, April 28, 1938, August 31, 1939, August 1, 
1940, August 18, 1941, November 25, 1941, September 
10, 1942. 


ARTICLE I 


Membership 

Section 1. Individuals having received the approval 
of the Committee on Admissions shall become members 
of the Society upon the payment of dues, except in the 
case of Honorary Members who shall be elected by 
unanimous vote of the Board of Directors. 
Section 2. Membership shall be divided into six 
classes: 
Sustaining Members.—A sustaining member shall be 
an individual designated by a corporation, firm or part- 
nership interested in the science and art of welding, with 
full rights of membership. 
Members.—-A member shall be an individual not less 
than 23 years of age, who shall have been for at least 
three years engaged in work having a direct bearing on 
the art or science of welding, and shall have made some 
contribution to the art or science of welding, with full 
rights of membership. Corporate members of any major 
engineering society are eligible. 
Associate Members.—An associate member shall be an 
individual interested in the science and art of welding 
with right to vote, but not to hold office except in Sec- 
tions as may be provided for by the By-Laws of the Sec- 
tion. 
Operating Members.—An operating member shall be 
an individual who, by occupation, is an operator of 
welding or cutting equipment, without the right to 
vote or to hold office excepting in the Section as may be 
provided for by the By-Laws of the Section. Beginning 
October 1, 1938, no Operating Member may continue in 
this status for more than a total period of 2 years (con- 
secutive or otherwise). At the end of the two year 
period, the Operating Member Shall automatically be 
moved up to the “Associate’”’ grade. 
Resident Operating Members are those residing in the 
United States, Canada or Mexico. Foreign Operating 
Members are those outside of the United States, Canada, 
ot Mexico. 
Honorary Members.—An honorary member shall be an 
individual with full rights of Membership. Honorary 
Members shall be persons of acknowledged eminence in 
the welding profession, or who may be accredited with 
exceptional accomplishments in the development of the 
welding art upon whom the AMERICAN WELDING So 
CIETY may see fit to confer an honorary distinction. 
Student Members.—A Student Member shall be an 
individual who is actually in attendance at a recognized 
college or university, taking a course leading to a degree, 
without the right to vote or to hold office excepting in 
Sections as may be provided for by the By-Laws of the 
Section. At the termination of the fiscal year of status 
as a student, affiliation as ‘“‘Student Member’ shall cease. 


ARTICLE II 
Dues 
Section 1. The Annual Dues shall be as follows 


Sustaining Members $100.00 
Members... .. 15.00 
Associate Members... .. 10.00 
Operating Members (resident) 5.00 
Operating Members (foreign) 10.00 
Honorary Members (there shall be no 
annual dues) 
Student Members. . . 2.50 
Section 2. The date for the payment of dues shall be 
September Ist. All dues shall be payable annually in 
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advance except in the case of new members as provided 
in the following paragraph. 

New members shall at the time of election pay an 
amount equal to full annual dues. At the beginning of 
the next fiscal year a pro rata allowance shall be made 
for such advance payment. 

Section 3. Funds in excess of those provided by the 
annual dues, which may be needed for research and other 
work, shall be secured by voluntary subscriptions to be 
solicited from its members, or from others specially in- 
terested. 


ARTICLE III 
Section Organization 


Section 1. The AMERICAN WELDING SocIETY, in pur- 
suance of the objects set forth in its Constitution, pro- 
vides for the formation of Sections. 

Section 2. Not less than 25 members or eligible ap- 
plicants for membership in the AMERICAN WELDING 
Society in the Sustaining, Member or Associate Member 
grades may apply for authorization for the organization 
of a Section. 

Section 3. Each active Section shall receive from the 
Society at the beginning of each fiscal year (October Ist) 
$100 and at the beginning of each quarter of the fiscal 
year 20% of the sum collected in dues during the pre- 
ceding quarter for those of their members who are in the 
grades of Sustaining Member, Member and Associate 
Member, provided that each newly organized Section 
shall receive $100 on date of acceptance of organization 
and provided futher that on the following October Ist 
each such newly organized Section shall receive $100 
less over-payment pro-rated on a monthly basis for the 
first fiscal year. 

No section shall be considered active unless it holds 
at least three meetings during a calendar year, and has a 
total paid membership of twenty-five, enrolled in the 
Sustaining, Member and Associate grades. 

Section 4. The By-Laws of the Section shall not con- 
flict with any provision of the Constitution or By-Laws 
of the AMERICAN WELDING SOCIETY. 


ARTICLE IV 
Officers, Nominations and Elections 


Section 1. The Officers of the Society shall be a 
President, a First Vice-President, a Second Vice-Presi- 
dent, five District Vice-Presidents, a Treasurer, three 
Junior Past-Presidents and twelve Directors-at-large. 
There shall also be a Secretary appointed by the Board 
of Directors. 

Section 2. The President shall be elected by the So- 
ciety for a term of one year and may be re-elected at any 
time for a second term of one year, but in no case shall 
any individual serve in this capacity for more than two 
consecutive years. 

Section 3. A First Vice-President and a Second Vice- 
President shall be elected by the Society for a term of 
one year and each may be re-elected at any time for a 
second term of one year, but in no case shall he serve 
in this capacity for more than two consecutive years. 
The District Vice-Presidents shall be elected by their 
districts for a term of one year and each may be re- 
elected at any time for a second term of one year, but 
in no case shall he serve in this capacity for more than 
two consecutive years. 

Section 4. A Treasurer shall be elected by the So- 
ciety for a term of three years and is eligible for re- 
election. 


Section 5. The Board of Directors shall consist of the 
President, the First and Second Vice-Presidents, the five 
District Vice-Presidents, the three Junior Past-Presj- 
dents, the Treasurer and the twelve Directors-at-large 
and such Honorary Directors, not exceeding three in 
number, as may be elected from time to time, by unani- 
mous vote of the Board of Directors. Such Honorary 
Directors shall have the same qualifications and the same 
rights and privileges as Honorary Members and in addi- 
tion may attend all meetings of the Board of Directors 
with the right to the floor and the right to vote. The 
Directors-at-large shall be selected by the Nominating 
Committee with due consideration to geographical dis- 
tribution. At each regular Annual Meeting, four Direc- 
tors-at-large shall be elected to serve for three years. 
The incumbents elected prior to the adoption of these 
By-Laws shall continue in office until their term expires. 

Section 6. Nominations and elections of the Officers 
shall proceed as follows: 

(a) The Secretary shall mail on or before the first of 
June of each year to each member entitled to vote a 
notice that nominations for Officers must reach the Secre- 
tary not later than the first day of July. This notice 
shall outline the vacancies of elective offices that shall be 
filled at the next regular election and request nominations 
for such offices. This notice shall contain a copy of this 
Section and the list of nominees recommended by the 
Nominating Committee and information that no name 
shall appear on the final voting ballot unless proposed 
by at least 25 qualified members. The notice shall also 
contain the names of the members of the Nominating 
Committee. 

(6) The nomination blank must be placed in a plain 
envelope and sealed; then inserted in a second envelope 
and sealed. The voter will then handwrite his name 
thereon in ink and mail it to the Secretary. The Secre- 
tary will certify to the competence and signature of all 
voters returning endorsed nomination ballots and will 
then deliver them to the Nominating Committee. 

A nomination ballot without autographic endorse- 
ment of the voter written on the outside envelope is 
defective and shall not be canvassed by the Nominating 
Committee. The Nominating Committee shall first 
open and destroy the outer envelopes of all properly 
endorsed ballots, and shall then open the inner envelopes, 
canvass the ballots and certify the results to the Secre- 
tary. If no nominations, other than proposed by the 
Committee, are made by 25 qualified members, then 
the Secretary shall treat the nomination ballots as 
Election Ballots and certify the results to the Presiding 
Officer at the Annual Meeting. 

(c) If a member, not proposed by the Nominating 
Committee, is duly nominated as provided for in para- 
graph (a) of this Section then the Secretary shall mail 
on or before the second Tuesday in July of each year to 
each member entitled to vote a ballot stating the names 
of the candidates for the several offices falling vacant 
and the time of the closure of the voting. The voter shall 
prepare his ballot by indicating by means of a cross 
opposite the name of each candidate he wishes to vote for. 
The voter shall enclose said ballot in an envelope and 
seal same. He shall then enclose the sealed envelope 11 
a second envelope marked “Ballot for Officers,” seal 
same and write his name thereon in ink, for identifica- 
tion. The ballot thus prepared and enclosed shall be 
mailed or delivered unopened to the Tellers of Election. 

The Secretary shall certify to the competence and 
signatures of all voters. A ballot without the auto- 
graphic endorsement of the voter written on the outside 
envelope is defective and shall be rejected by the Tellers 
of Election. A ballot which has choice indicated for 
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more names than there are offices to be filled is defective 
and shall be rejected by the Tellers. 


Section 7. The voting for the election of officers 
shall close at 1 o’clock in the afternoon on the last 
Thursday in August of each year. The Tellers shall 
not receive any ballot after the stated time for the closure 
of the voting. The Tellers of Election shall first open 
and destroy the outer envelopes and shall then open 
the inner ones, canvass the ballots and certify the results 
to the Presiding Officer at the Annual Meeting of the 
Society. The Presiding Officer shall then announce the 
candidates having the greatest number of votes for their 
respective offices and declare them elected for the en- 
suing year. 

Section 8. The ballot sheet shall list the names of the 
candidates proposed by the Nomination Committee and 
the respective offices for which they are candidates and 
the names of candidates nominated by letter ballot as 
provided in Section 6 above. Candidates selected by 
the Nominating Committee shall be identified by an 
asterisk. 

Section 9. In case of a tie in the vote for any office 
the President, or in his absence, the Presiding Officer, 
shall cast the deciding vote. 

Section 10. The term of all Elected Officers shall 
begin on the adjournment of the Annual Meeting of 
the Society. Officers shall continue in their respective 
offices until their successors have been elected. 

Section 11. Tellers of Election. The President shall, 
on or before the last Thursday in August of each year, 
appoint three Tellers of Election of Officers, whose duty 
shall be to canvass the votes cast, and certify the same 
to the President, or Presiding Officer, at the Annual 
Meeting. Their term of office shall expire when their 
report of the canvass has been presented and accepted. 


ARTICLE V 
Geographical Districts 


Section 1. There shall be five districts known as the 
New York and New England, the Middle Eastern, the 
Middle Western, the Southern and the Pacific Coast 
Districts, the boundaries of which shall be determined 
by the Board of Directors each year. 

Section 2. No district shall be considered as ‘‘op- 
erative’ unless it contains at least three active Sections. 
_ Section 3. Should the territory of any Section lie 
in more than one district as defined above, then the 
entire territory of said Section shall be considered as 
belonging to the District in which the headquarters of 
the Section are located. 

Section 4. To facilitate cooperation between the 
Sections there shall be an Executive Committee in each 
district including in its membership the Vice-President 
for that District as Chairman, a District Secretary to be 
appointed by the District Vice-President, and the Chair- 
men and Secretaries of the Sections within the district. 


District Meetings 


Section 5. District meetings may be held subject to 
the approval of the Board of Directors in each instance. 
They shall be under the supervision of the District Execu- 
tive Committee. The District Vice-President with the 
approval of the District Executive Committee shall ap- 
point a Local Convention Committee, which shall have, 
subject to the approval of the District Vice-President, 
full authority and responsibility for organizing and con- 
ducting the Meeting in all its details including the selec- 
tion of papers, the arrangement of sessions and the enter- 
tainment features. The Secretary of the Society shall 
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furnish for the guidance of the local Convention Com- 
mittee an Outline of Procedure. 

All technical papers included in the program shall be 
submitted for consideration for publication in THE 
JOURNAL OF THE AMERICAN WELDING Society. The 
Local Convention Committee shall furnish a copy of the 
proposed program to the Society's Convention Com- 
mittee and also a budget and a statement of plans for 
raising funds for the consideration of the Society's Fi- 
nance Committee. Upon request of the Local Conven- 
tion Committee, the Society's Meetings and Papers, 
Publicity, Manufacturers, and Convention Committees 
shall cooperate fully in arranging for the District Meet- 
ing. 

District Nominations 


Section 6. Before January 1 of each year, each 
District Executive Committee shall appoint a District 
Nominating Committee. Each District Nominating 
Committee shall nominate a District Vice-President and 
send the name of the nominee to the National Secretary 
not later than March 15th of each year. 

The nominations made by the Districts shall be pub- 
lished in the April issue of THE WELDING JOURNAL of 
the AMERICAN WELDING SOCIETY. 

Independent nominations may be made by a petition 
of twenty-five (25) or more members sent to the National 
Secretary not later than May 15th; such petitions for the 
nomination of District Vice-Presidents shall be signed 
only by members within the district concerned. 

Each year the National Ballot for Nomination of 
Officers shall include the names of the District Vice- 
Presidents nominated by the District Nominating Com- 
mittees and names of nominees npminated by petition 
in accordance with Section provision above. 

Only District members shall be eligible to vote for 
District Vice-Presidents. 

Vacancies 

Section 7. The Executive Committee of each dis- 
trict shall have the power to fill a vacancy in the office 
of Vice-President of that district for an unexpired term, 
whenever such vacancy occurs. 


ARTICLE VI 
Duties of Officers 


Section 1. In addition to the duties hereinafter set 
forth, the Officers shall perform such other duties as the 
Society or Board of Directors shall designate. 

Section 2. The President shall preside at all meetings 
of the Society and of the Board of Directors; he shall 
have general active management and supervision of the 
affairs of the Society; shall see that all orders and resolu- 
tions of the Board are carried into effect; shall attend 
generally to its executive business and the supervision 
and direction of all the other Officers in the proper per- 
formance of their respective duties; shall submit a report 
of the operations of the Society for the fiscal year to the 
Board of Directors at their last regular meeting preceding 
the Annual Meeting, and to the members at the Annual 
Meeting in October and from time to time shall report 
to the Board of Directors all matters within his knowl- 
edge which the interests of the Society may require to 
be brought to their notice; shall be, ex-officio, a member 
of all standing committees; and shall have the general 
powers and management usually vested in the office 
of the President of a Society. 

Section 3. The First Vice-President shall be vested 
with all the powers, and required to perform all the 
duties of the President in his absence. 
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Section 4. The Second Vice-President shall be vested 
with all the powers and required to perform all the 
duties of the First Vice-President in his absence. 

Section 5. Duties of District Vice-Presidents. The 
District Vice-President shall be the official representative 
of the Society in his District. He shall be responsible 
for the general promotion of the Society in his District 
and shall act as contact man between Headquarters and 
his District. He shall perform such other duties as 
specified in the By-Laws. 

Section 6. A Secretary shall be appointed by the 
Board of Directors for a term of one year and shall be the 
Office Manager of the Society. The Secretary shall 
attend all meetings of the Society and Board of Direc- 
tors and record the proceedings thereof. The Secretary 
shall collect all moneys due the Society and deposit 
the same in depositories designated by the Board of 
Directors, reporting such deposit to the Treasurer. 
The Secretary shall conduct the correspondence of the 
Society and shall keep full records thereof. Under the 
President and Board of Directors the Secretary shall be 
in responsible charge of all property of the Society. 
With the approval of the Board of Directors, the Secre- 
tary shall engage such employees as may be necessary and 
shall be responsible for the work of all employees of the 
Society. The Secretary shall perform such other duties 
as may be assigned. The Secretary shall devote his 
entire time to the affairs of the Society, unless otherwise 
authorized by the Board of Directors. The Secretary 
shall be required to furnish bond for the faithful per- 
formance of his duties in an amount to be decided by 
the Board of Directors. 

Section 7. The Treasurer shall keep full and ac- 
curate accounts of receipts and disbursements in books 
belonging to the Society, and shall deposit all moneys and 
valuable effects in the name, and to the credit of the So- 
ciety, in such depositories as may be designated by the 
Board of Directors. All checks shall be signed by the 
Treasurer. He shall disburse the funds of the Society 
as may be ordered by the Board of Directors, taking the 
proper vouchers to such disbursements, and shall render 
to the President and Directors at the meeting of the 
Board of Directors, or whenever they may require it, an 
account of all its transactions as Treasurer, and of the 
financial condition of the Society, and at the last regular 
meeting of the Board of Directors preceding the Annual 
Meeting of the Society, a like report for the preceding 
year. He shall give the Society a bond in a sum and 
with one or more securities as required by and satisfac- 
tory to the Board of Directors for the faithful perform- 
ance of the duties of his office, and the restoration to the 
Society in the case of his death, resignation or removal 
from office of all books, papers, vouchers, money or 
other property of whatever kind in his possession be- 
longing to the Society. 

Section 8. The President with the approval of the 
Board of Directors may appoint other paid Officers for 
such terms and duties and at such salaries as the Board 
of Directors may deem advisable. 


ARTICLE VII 
Board of Directors 


Section 1. The Board of Directors shall have the 
power: 

(a) To manage the affairs of the Society, except as 
otherwise provided by law, or by these By-Laws. 

(6) To purchase or otherwise acquire for the Society 
any property rights and privileges which the Society is 
authorized to acquire, at such prices and on such terms 
and conditions and for such considerations as they think fit. 
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(c) To appoint Executive Officers and fix their 
salaries. 

(d) To determine who shall be authorized to sign, 
on behalf of the Society, notes, receipts, acceptances, 
endorsements, checks, releases, any and all contracts 
and other documents, and shall make such authoriza- 
tion. 

(e) To perform such other acts as may be necessary 
to carry out the purpose of the Society. 

Section 2. In each case of vacancy occurring in the 
Board of Directors through death, resignation, disqualli- 
fication or other cause, the remaining Directors, by 
letter ballot, may elect, or appoint a successor to hold 
office for the unexpired portion of the term of the retir- 
ing Director; and in the event that a quorum of the 
Board of Directors does not exist, the affirmative vote of 
a majority of the remaining Directors shall become ef- 
fective. However, if the retiring Director is a District 
Vice-President then the vacancy shall be filled as pro 
vided in Article V, Section 7. 


ARTICLE VIII 
Committees 


Section 1. With the approval of the Board of Direc 
tors, the President shall appoint the following com- 
mittees: 

(a) An Executive Committee, which shall have such 
duties as may be prescribed by the Directors to facilitate 
their work and such power of the Board of Directors as 
they may delegate to it from time to time. 

(6) A Finance Committee, selected from members oi 
the Board of Directors, which shall pass upon all ex 
penditures, prepare the annual budget and have general 
charge of the finances of the Sgqciety. The Treasurer 
shall be Chairman of the Finance Committee. 

(c) A Membership Committee of five or more whose 
duties shall be to formulate and execute plans and pre 
pare literature for maintaining and increasing the mem 
bership of the Society. 

(d) A Committee on Admissions of five members 
whose duty it shall be to pass on the qualifications of 
all members to determine their eligibility and classifica- 
tion as members of the Society. 

(e) The Program Committee shall plan and make 
arrangements for technical programs of all meetings of 
the Society; it shall solicit and pass upon all papers 
offered for presentation before national meetings; it shall 
cooperate, when called upon, with local groups in arrange 
ments for Section and District Meetings. 

(f) The Publication Committee shall solicit papers for 
publication and pass upon all papers offered to the So 
ciety for publication in its JOURNAL; it shall have the 
power to edit papers, in accordance with established 
rules governing the publication of the Society's JOURNAL, 
as approved by the Board of Directors. 

(g) A Nominating Committee of seven members. 
Announcement of the appointment shall be made by 
the President through publication in the JOURNAL on or 
before March Ist. The Committee shall consist of a 
chairman who shall be a Past-President of the Society 
and six members (not members of the Board of Direc 
tors), one of whom shall be a Past-President of the 
Society. The Committee shall deliver to the Secretary 
in writing on or before the last Tuesday in May the 
names of its nominees for the various elective offices next 
falling vacant together with the written acceptance of 
each nominee. 

(h) A Revision of By-Laws Committee comprising 
a Chairman and two other members. This Committee 
shall receive suggestions for revision of the By-Laws and 
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be responsible for the preliminary wording of such re- 
visions. It shall see that the By-Laws of Sections of the 
Society shall not conflict with any provision of the Con- 
stitution and By-Laws of the AMERICAN WELDING So- 
ciety. This Committee shall consider and report upon 
any petition for revision and shall transmit such petition 
to the Secretary to be presented at a Board of Directors’ 
meeting as specified under Article XIV. 

(7) A Committee on Code of Principles of Conduct 
consisting of five members comprising a Chairman, 
(member of Board of Directors) and four additional 
members. In addition to the function of formulating 
and administering a Code, it shall be the duty of the 
Committee to advise inquirers regarding questions of 
proper conduct, and to examine into and investigate 
any practice of any member of this Society which shall 
be regarded as prejudicial to the welfare of the Society, 
and report its actions and recommendations to the 
Board of Directors, which shall take such action as it 
may deem proper. 

(j) A Committee on Outline of Work which shall 
consist of the Chairmen of all the Technical Committees 
of the Society and not more than three members-at-large 
to be appointed by the President. It shall have a Chair- 
man and a Vice-Chairman, who shall be members of the 
Society and shall be elected by the Committee's mem- 
bership, but not necessarily from its own ranks. These 
officers shall serve for a period of two years, and shall be, 
ex-officio, members of the Executive Committee. The 
Technical Secretary of the Society shall be the Secretary 
of this Committee. The scope of this Committee shall 
be: to promote the standardization activities of the 
Society; to recommend the policy, scope and organiza- 
tion of such activities, and methods and means of cooper- 
ating with other standardization bodies, including the 
nomination of official representatives of the Society on 
committees of other societies of standardization bodies; 
to pass upon recommended practices, standards and 
codes with respect to compliance with prescribed pro- 
cedure and regulations; to decide questions of jurisdic- 
tion of Technical Committees; to review (at the annual 
meeting of the Society) the progress of the Society's 
standardization work; and to act in an advisory capacity 
to the Board of Directors in respect to standardization 
programs. 

(k) Technical Committees, not limited in number, the 
duty of each of which shall be: to establish an organiza- 
tion; to recommend the scope of its work and its com- 
mittee membership; to prepare and recommend the ac- 
ceptance or withdrawal of standards and revisions thereof 
within its jurisdiction; to report conflicts of jurisdiction 
to the Committee on Outline of Work; to report on the 
progress of its work; and to carry out such other acti- 
vities as may be approved by the Committee on Outline 
of Work. Technical Committees shall operate according 
to the latest revision of ‘Rules to Govern Organization, 
Functions and Operations of Technical Committees of 
the American Welding Society.”’ 

(1) An Educational Committee whose duties shall 
be to assist and stimulate the Sections in the preparation 
of lecture courses and in other educational activities. 
_(m) A Committee on Awards consisting of five 
individuals each serving for a period of five years. The 
appointment shall be arranged in such a way that one 
member shall retire on the adjournment of each Annual 
Meeting. The member senior in respect to service shall 
be Chairman. It shall be the duty of this Committee to 
make the awards and arrange for the presentation of such 
medals or other awards as may be authorized by the 
Board of Directors. 

(n) A Committee on Permanent Funds consisting of 


five members, each serving for five years, and the Treas 
urer of the Society, ex-officio. The appointments shall 
be made in such a way that one member shall retire at 
each Annual Meeting. The member senior in respect 
to service shall be Chairman. 

Funds turned over to this Committee by the Board of 
Directors shall be in its custody for safe-keeping, invest- 
ment or reinvestment. All acts of the Committee shall 
require the favorable vote of at least four members of the 
Committee. 

No disbursement shall be made from these funds ex- 
cept upon a favorable vote of at least two-thirds of those 
present at a meeting of the Board of Directors called for 
that purpose at which a quorum is present 

A notice of the meeting shall be sent to each member of 
the Board of Directors at least two weeks before the date 
set for the meeting. The notice shall set forth the 
reasons why the disbursement is proposed. 

The Committee shall keep full and accurate accounts of 
receipts and disbursements in books belonging to the 
Society, and shall render a financial statement to the 
Board of Directors annually, or oftener if requested 

(0) A Public Relations Committee which shall handle 
the relations of the Society to the public exclusive of the 
activities assigned to the Publicity Committee. This 
shall include dealing with all state and federal legislative 
matters affecting the Society and the art of welding, 
particularly those involving welding codes and any other 
proposals which the Committee may deem require the 
attention of the Committee in order to insure the best 
interests of the welding art. 

(p) A Publicity Committee which shall handle pub- 
licity activities of the Society. It shall prepare publicity 
articles for release to the technical, press and to the news- 
papers in respect to the Organizational Activities, 
Annual Reports, National and District Meetings, Awards 
of Medals and Prizes, Technical Program and Papers, 
Technical Activities including codes and specifications, 
standardization and research circulars and posters for 
soliciting advertising in THE WELDING JOURNAL. It 
shall, in consultation with the Membership Committee, 
prepare copy in respect to promotion of membership, and 
it shall cooperate with the chairman of all interested 
committees in carrying out National and District Meet- 
ings. 

(g) A Convention Committee comprising a General 
Chairinan, a Vice-Chairman, who shall be either the 


Chairman of the Local Section where the meeting 1s held 
or someone designated by that Section, the Secretary and 
Treasurer of the Society, the Chairman of the Manu- 
facturers Committee, the Chairman and Secretary of 


i 

the Program Committee, the Chairman of the Publicity 
Committee and the Secretary of the local Section where 
the meeting is held. This committee shall plan and make 
arrangements (other than those specifically assigned to 
other Committees) and shall correlate activities dealing 
with Conventions and Exhibitions. 

(r) A Manufacturers Committee comprised of repre- 
sentatives of manufacturers of welding equipment and 
supplies which committee shall cooperate with the Con- 
vention Committee in making arrangements for future 
exhibitions, and shall handle matters of general interest 
to the manufacturers. 

(s) A Section Advisory Committee to act in an ad- 
visory capacity to the Board of Directors in all matters 
pertaining to the activities of the Sections of the Society, 
and to be responsible for planning and conducting Sec- 
tion Officers’ Conferences. The Committee shall consist 
of six members who are not directors of the Society; two 
members to be appointed for a term of one year; two 
members for a term of two years; and two members for 
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a term of three years; two new members to be appointed 
each year thereafter for a term of three years. No mem- 
ber is to be reappointed until at least one year has 
elapsed since the completion of his last term. 

(t) With the approval of the Board of Directors the 
President may appoint additional Committees for a 
definite stated purpose or purposes. 

(u) A Committee or Committees for a definite stated 
purpose or purposes may be proposed by any member of 
the Society in good standing together with the personnel 
of such a Committee or Committees but the final se- 
lection of the personnel must be by a majority vote 
(of the quorum) at one of the meetings of the Society 
as set forth under Article IX, Section 1, provided the 
necessary quorum, per Article IX, Section 3, is pres- 
ent and further provided that definite notice stating 
all purposes and objectives of such Committee or Com- 
mittees shall have been sent to each member, and/or 
published in the JOURNAL OF THE AMERICAN WELDING 
Society for the preceding month, so as to reach the 
membership at least two weeks prior to said meeting at 
which the Committee or Committees will be proposed 
and elected. 

Section 2. All Committee appointments not other- 
wise specified shall expire with the Society year. 


ARTICLE IX 
Meetings and Notices 


Section 1. There shall be an Annual Meeting of the 
Society for the election of Officers and other business, 
held sometime in the Fall of the year at such time and 
place as may be decided by the Board of Directors. The 
order of business at the Annual Meeting shall be such 
that the election of Officers shall be the last item of 
business at such meeting. Other meetings may be 
called at the discretion of the Board of Directors. 

Section 2. Notices of all meetings of the Society 
shall be mailed to the members at least 30 days prior 
to the date of such meeting, and to the Board of Di- 
rectors at least two weeks prior to the date of their meet- 
ing, and shall designate the time and place of the meet- 
ing and the principal business to come before it. 

Section 3. Twenty members entitled to vote shall 
constitute a quorum at meetings of the Society and ten 
Directors shall constitute a quorum at meetings of the 
Board of Directors. 


National Meetings 


Section 4. The Society’s Convention Committee 
shall plan and make arrangements and correlate acti- 
vities, in connection with National Meetings in coopera- 
tion with the Program, Publicity, and Manufacturers 
Committees. The Chairman of the Section where the 
Meeting is to be held, or someone else designated by that 
section, shall be appointed Vice-Chairman of the So- 
ciety’s Convention Committee and Chairman of the 
Local Convention Committee. In making local arrange- 
ments for the National Meeting, the Local Convention 
Committee shall be guided by an Outline of Procedure, 
furnished by the Society’s Secretary. The Society's 
Secretary, in consultation with the Treasurer, and the 
Chairmen of the Convention, Meetings and Papers, 
Publicity, and Manufacturers Committees, shall prepare 
a budget and submit it to the Finance and Executive 
Committees for approval. A copy of this Budget shall 
be submitted to each member of the Society's Conven- 
tion Committee for guidance. 


Exhibitions 
Section 5. In the case of Exhibitions in which the 
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CONSTITUTION AND BY-LAWS 


AMERICAN WELDING Society participation is proposed 
the Chairman of the Society’s Manufacturers’ Com- 
mittee shall carry on the negotiations with the Exhibition 
Sponsor, whenever practicable. If conditions make it 
advisable for the District or the Local Section to conduct 
the preliminary negotiations for an Exposition, approval 
of the Society’s Manufacturers’ Committee and Board 
of Directors must first be secured to all proposed agree- 
ments before committing the Society to participation. 

The formal invitation from the Exhibition Sponsor to 
participate in the Exposition, shall be addressed to and 
acted upon by the Board of Directors of the AMERICAN 
WELDING SOCIETY. 


ARTICLE X 
Voting and Proxies 


Section 1. Voting by proxy shall not be allowed at 
any meeting of the Society or its Board of Directors or 
of any of its Committees except by a personal representa- 
tive presenting written credentials at the particular 
meeting stated. 


ARTICLE XI 
Welding Research 


Section 1. The AMERICAN WELDING Soctety shall 
provide the means for cooperative research in welding 
by creating or joining in the creation of a research depart- 
ment to be known as the Welding Research Committee. 
Other societies, associations and governmental depart 
ments may be asked to assist in this work. 

Section 2. Funds for the work of the Welding Re 
search Committee shall be secured by voluntary con 
tributions, by solicitation or appropriated from the 
regular funds of the Society. Solicftation of any funds 
in the name of the AMERICAN WELDING SOCIETY may 
however, only be done with the approval of the Board of 
Directors. 

Section 3. Custodian of funds. The custodian of 
Research Funds shall be the Engineering Foundation, 
the AMERICAN WELDING Society or any other body 
designated by the Board of Directors. 

Section 4. Publications. A separate section of THE 
WELDING JOURNAL of the AMERICAN WELDING SOCIETY 
may be created for the publications of the Welding Re- 
search Committee. 


ARTICLE XII 


Permanent Office 


Section 1. A permanent office of the Society shall be 
maintained in the City of New York and shall be located 
in the Engineering Societies’ Building at 25-33 West 
39th Street, or at such other place as the Directors may 
determine. 


ARTICLE XIII 
Parliamentary Rules 


Section 1. Roberts’ Rules of Order shall be the gov- 
erning parliamentary law of the Society in all cases not 
definitely provided for by its Constitution or its By-Laws 
or its own rules. 


ARTICLE XIV 
Amendments 


Changes in these By-Laws may be made by petition 
signed by not less than ten voting members of the Society 
and approved by not less than two-thirds of the Direc- 
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tors present at a meeting regularly called for considera- 
tion of the same. Such changes shall be considered 
temporary and at the expiration of 60 days after proper 


letter ballot has been sent to the members of the So 
ciety shall be considered permanent, unless rejected by 
20 per cent of the voting membership. 


Rulings Adopted by Board of Directors 


April 1920 


Powers of Executive Committee—The Board of Di- 
rectors delegated to Executive Committee its full power 
with understanding that Executive Committee will 
immediately report by letter to every member of the 
Board any action which it has taken and allow sufficient 
time for objection to such action before it is put into 
effect. Should a majority of the Board express objec- 
tion within a week to any action, the President will then 
immediately call a special meeting of the Board and have 
the matter presented to them for confirmation. 

Section Organization—The Officers of the Society are 
authorized to assist in formation of sections in any part 
of the United States under the adopted standard form of 
Constitution with variations to meet local conditions and 
to grant the necessary authority for the formation of 
such sections. When possible, the sections should be 
affiliated with the local general engineering society and 
where practicable, the organization work should be con- 
ducted from such society headquarters. 


January 1922, and revised December 1927 


Delinquents—A delinquent member shall be carried 
on the rolls of the Society for a period of six months for 
the first two months of which he shall be supplied with 
the Proceedings and other literature, but that following 
the second month, he shall receive only notices of meet- 
ings. 

Billing Membership Dues—-Each member shall be 
sent a bill on the first day of the month in which his dues 
become due and a second bill shall be sent one month 
later stamped with the words ‘‘Final Notice, You Will 
Not Receive Publication if Your Dues Are Not Paid.” 


October 1922 

Refund to New Sections—No money shall be turned 
over to a newly organized Section on dues received pre- 
vious to the establishment of the Section from members 
located in that particular Section. 


December 1935 


Listing under ‘‘Sustaining Companies” in the Year Book 
shall be limited to companies supporting the Society to 
the extent of $100 in dues of ‘Sustaining Member’”’ or 
the equivalent in dues of ‘‘Members’’ and an “Associate 
Member,” or through advertising in the Society Jour- 
NAL. 


November 1937 

The President is empowered, when in his opinion it 
is deemed wise, to invite non-members to meetings of 
either the Board of Directors or Executive Committee. 

Voting at Executive Committee Meetings is limited 
to Executive Committee members or their proxies. 
Members of the Board of Directors are invited to Ex- 
ecutive Committee meetings for the purpose of partici- 
pating in discussion. 


July 1938 


Establishment of Society policy on news items or radio 
broadcasts detrimental to welding— 
It is preferable for the Society to remain silent until 
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official report dealing with the subject in question has 
been received. 


October 1938 
The fiscal year of the Society is established commenc- 
ing October Ist and ending September 30th. 


March 1939 


That the AMERICAN WELDING SOCIETY reserves the 
right or privilege of publishing as an A. W. S. Standard 
any code, specification or standard prepared by its com- 
mittees, either jointly or in cooperation with another 
Society or other Societies, associations or regulatory 
bodies. 


September 1939 


Establishment of policy for disbanding inactive Sec- 
tions—It was decided each case should be acted upon on 
its merits after complete report had been rendered 
thereon by the Secretary. 


January 1940 


Affiliates of a Section of the AMERICAN WELDING So- 
cieTy—It was decided that provision be made in draft 
of Section By-Laws for this classification with amount of 
Annual Dues to be set by the Section but to be not more 
than $5.00. 


July 1941 


Certification of Welders—Policy established for guid- 
ance of Public Relations Committee—-Under no condi- 
tion shall the AMERICAN WELDING SOCIETY issue a Cer- 
tificate to a welding operator, nor support a plan for the 
certification of welding operators, that denies a fabri- 
cator the privilege of qualifying his own welding opera- 
tors. 


July 1941 

The Yearbook shall be published as Section 2 of the 
December WELDING JOURNAL, of the same page size as 
the JOURNAL. The YEARBOOK shall be furnished to all 
members of the Society. 


December 1941 

Section Exhibits—Policy established for guidance of 
Sections—Sections of the AMERICAN WELDING Society 
are required to obtain approval of the Board of Directors 
or the Executive Committee of the Society before putting 
on exhibits. 


December 1941 


By-Law Amendments—lIt is the policy of the Amert- 
CAN WELDING Society that all By-Law Amendments be 
published in THE WELDING JOURNAL 30 days in advance 
of their submittal to the membership for letter ballot 
vote. 


February 1942 

It is the policy of the AMERICAN WELDING Society 
not to render information on questions relating to labor 
or labor organizations, nor to enter into any controversy 
that affects these questions. 
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Honorary Members 


Catalog of Membership 


NOVEMBER 1, 1942 


List of Members of All Classes—Arranged Alphabetically 


Comfort A. Adams and F. T. Llewellyn 


EXPLANATORY NOTE—The following alphabetical list contains the names of members of all classes. The letter in 
parentheses immediately after each name indicates the class to which the member belongs. The following letters have 


been used to classify the different classes of membership: 
bers; D—Operating Members; E 


A—Sustaining Members; B—-Members; C-—Associate Mem- 
Honorary Members; F—Student Members. 
mail sent to their residence the home address is given and is preceded by (Res.). 
graphical distribution follows the alphabetical list. 


Where members desire to have their 
A list of members showing the geo- 


A 


Abaunza, Alfred E. (C), General Manager, 
Gulf Engineering Co., 916 8S. Peters St., 
New Orleans, La. 

Abbey, Nathan (ID), Welder, Bell Aircraft 
Co.; (Res.) 465 Victoria, Kenmore, N. Y. 

Abbott, Harald W. (C), Director of Labs., 
Speer Carbon Co., St. Marys, Pa. 

Abbott, James A. (C), Sales Engineer,The 
Denton & Anderson Co.; (Res.) 11909 
Buckingham Ave., Cleveland, Ohio. 

Abbott, Lester (B), Member Technical 
Staff, Bell Telephone Labs., Inc.; (Res.) 
82 Jackson Rd., Valley Stream, L. I. 

Abel, Charles (C), Foreman, Welding Dept., 
Dellinger Mfg. Co., Lancaster, Pa. 

Abernathy, Paul H. (D), Welder, Delco 
Remy; (Res.) R. R. 5, Anderson, Ind. 

Aborn, R. H. (C), Resident Metallurgist, 
4 S. Steel Corp. Research Lab., Kearny, 
N.dJ 

Ackerman, Clarence J. (C), General Main- 
tenance Dept., Rochester Gas & Elec. Co., 
89 East Ave., Rochester, N. Y. 

Adair, J. G. (C), Mech. Engineer, Interstate 
— Commission, Washington, 

.C 

Adams, C. A. (E), Consulting Engineer, 
The Edward G. Budd Mfg. Co., Phila- 
delphia, Pa. 

Adams, Charles O. (C), Welding Engineer, 
Delco Products Div., General Motors, 
315 Brydon Rd., Dayton, Ohio. 

Adams, Clyde H. (C), Sales Dept., Air Re- 
duction Sales Co., 4501 E. Fayette St., 
Baltimore, Md. 

Adams, David (B), Foreman, Hurley Ma- 
chine Shop; (Res.) 3115 Grand Blvd., 
Brookfield, Ill. 

Adams, Ernest N. (C), District Engineer, 
American Inst. of Steel Construction; 
(Res.) 192 Chandler St., Worcester, Mass. 

Adams, Harry E. (C), Repair Man, Inter- 
national Harvester Co., Springfield Works; 
(Res.) R. R. 1, So. Charleston, Ohio. 

Adams, John (C), Director of Welding, New 
York Trade School, 326 E. 67th St., New 
York, N. Y. 

Adams, John E. (C), Inspector, The Jas. H. 
Heron Co.; (Res.) 12401 Gay Ave., 
Cleveland, Ohio. 

Adams, Julien W. (C), Consulting Engineer, 


Goslin-Birmingham Mfg. Co.; (Res.) Box 
768, Trussville, Ala. 

Adams, Richard L. (D), Welder, Bethlehem 
Steel Co,; (Res.) 228 Bergen St., Brook- 
lyn, N. Y 

Adams, Robert C. (C), Welder, Nordberg 
Mfg. Co.; (Res.) 541A E. Dover St., 
Milwaukee, Wis. 

Adams, Wadsworth (D), Welding Operator, 
Bayonne Associates; (Res.) Box 87, 
R.F.D., Rainbow Lakes, Boonton, N. J. 

Adams, Walter F. (D), Welder, Frank 
Heater, Inc.; (Res.) 114 Montgomery St., 
Paterson, N. J. 

Adcock, A. A. (B), Richmond Engineering 
Co.; (Res.) 5805 St. Christopher's Lane, 
Richmond, Va. 

Adelson, J. S. (C), Chief Metallurgist, 
Steel and Tubes, Inc., 224 E. 131st St., 
Cleveland, Ohio. 

Adelson, S. S. (B), Salesman, Air Reduction 
Sales Co.; (Res.) Apt. 28, 133 Woodland 
St., Hartford, Conn. 

Adolphsen, A. W. (C), Factory Representa- 
tive, Victor Equipment Co.; (Res.) 4156 
Harrison, Kansas City, Mo. 

Agren, Douglas E. (F) 4832 University, 
Detroit, Mich. 

Aho, George (C), Production Engineer, 
Taylor-Winfield Corp.; (Res.) 18699 
Mark Twain, Detroit, Mich. 

Ahsinger, Louis (C) Supt., Trackson Co.; 
(Res.) 2418A W. Galena St., Milwaukee, 
Wis. 

Akerley, Ernest L. (C), Welding Sales 
Engineer (to Government Agencies), Na- 
tional Electric Welding Machines Co., 
% Charles Rubel & Co., 1101 Vermont 
Ave., N. W., Washington, D. C. 

Akers, Arthur W. (C), Director, Techni- 
cians Inst.,244 W. 14th St., New York, N.Y. 

Akey, R. P. (B), Plant Manager, Hobbs 
Mfg., Box 1568, Fort Worth, Tex. 

Akins, Clifford M. (B), Vice-President, 
Marquette Manufacturing Co., Inc., 401 
19 Johnson Street, N. E., Minneapolis, 
Minn. 

Alber, Herman A. (C), Elect. Welder, Gen- 
eral Tire & Rubber Co.; (Res.) 603 N. 
Cass St., Wabash, Ind. 

Albert, J. Harry (B), Plant Supt., Taylor & 
Gaskin, Inc., 3105 Beaufait St., Detroit, 
Mich. 
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Albert, Sidney G. (B), Executive & Engineer, 
Albert Pipe Supply Co., Inc., Berry & N. 
13th St., Brooklyn, N. Y. 

Albert, William (D), Welder, Federal Ship- 
building & Drydock Co., Kearny, N. J.; 
(Res.) 210 W. 4th Ave., Roselle, N. J. 

Albright, Wm. B. (D) Welder, Cincinnati 
Milling Machine Co., 271 Gilman Ave., 
Cincinnati, Ohio. 

Aldrich, Robert H. (C), Purchasing Agent 
Allen Electric & Equipment Co., 2101 N 
Pitcher St., Kalamazoo, Mich. 

Aldrich, Wm. (B), District Manager, Metal 
& Thermit Corp., South San Francisco, 
Calif. 

Aldrich, W. H. (C), The Cleveland Elec 
Illum. Co., 75 Public Square, Cleveland 
Ohio. 

Alessandro, Nicholas D. (C), Salesman 
Welding & Cutting Equipment Co., 51-53 
S. 8th St., Newark, N. J. 

Alexander, A. B. (B) Supt., Standard Boiler 
& Plate Iron Co., Niles, Ohio. 

Alexander, Chas. E. (C), Owner & Manager, 
Alexander Welding Co., 461 E. Main St., 
Patchogue, N. Y 

Alexander, David (C), Foreman, American 
Bridge Co.; (Res.) 404—11th St., Con- 
way, Pa. 

Alexander, George W. (D), 1223 Santa 
Clara St., Vallejo, Calif. 

Alff, Carl J. (D), Welder, Clark Grave Vault 
Co.; (Res.) 340 Wilson Ave., Columbus, 
Ohio. 

Alhart, C. G. (D), Welder, Texas Iron Works, 
1423 Maury, Houston, Tex. 

Allan, Edwin (B), President, Allan Iron & 
Welding Works, 133 Murray St., Roches- 
ter, N. Y 

Allan, Robert E. (C), Asst. Supervisor, 
Welding Dept., Production Engineering 
Div.; Fisher Body Div. of G. M. Corp.; 
(Res.) Rt. 1, Dearborn, Mich. 

Alleman, Cyrus E., Jr. (D), Metalsmith 
U. S. Navy, U. 8. S. Hannibal, % Post- 
master, New York, N. Y. 

Allen, Ben H. (C), Supt. Plate Shop, Mosher 
Steel Co.; (Res.) 4845 Yale St., Houston, 
Tex. 


Allen, Charles W. (C), York Safe & Lock Co.; 


2218. Albemarle St., York, Pa. 
Allen, Clayton M. (C), Engineer in charge of 
Construction, Planning Scetion, Design & 
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Construction Div., Los Angeles Bureau of 
Power and Light, Box 3669, Terminal 
\nnex, Los Angeles, Calif. 

Allen, Frank (D), Welder, Frank Heaters, 
Ine.; (Res.) 13 Smith Ave., Fairlawn, 
N. J. 

Allen, Frank (TD), Oxy-Acetylene Cutting 
Operator, Jeffersonville Boat & Machine 
Co.; (Res.) 1025 Rodgers St , Louisville, Ky. 

Allen, Frank M. (C), President, Steel Engi- 
neers Co., Box 784, Salt Lake City, Utah. 

Allen, G. Mitchell (C), Supt. Fabrication, 


Jones & Laughlin Steel Service, Inc., 
30-44 Review Ave., Long Island City, 
N. 


Allen, Guy F. (B), Structural Engineering, 
Detroit Edison Co.; (Res.) 25755 York 
Rd., Royal Oak, Mich. 

Allen, Herschel H. (C), Partner, J. E. Greiner 
Co., Consulting Engineers, 1201 St. Paul 
Street, Baltimore, Md. 

Allen, Leslie (B), Manager of Works, 
Bethlehem Steel Co., Oliver Bldg., Pitts- 
burgh, Pa. 

Allen, R. J. (C), Metallurgist, Worthington 
Pump Co., Harrison, N. J 

Allen, Terrance W. (C), Factory Manager, 
Consumers Pipe Co., 14035 Grand River, 
Detroit, Mich. 

Allina, Alfred (C), President, Alpha Tank 
& Sheet Metal Mfg. Co., 5001 8S. 38th St., 
St. Louis, Mo. 

Allison, Edwin F. (C), District Sales Man- 
ager, P. R. Mallory & Co., Inec., 3656 Lati- 
more Rd., Shaker Heights, Ohio. 

Allison, M. R. (C), Night Supt., Bethlehem 
Steel Co., Leetsdale Works; (Res.) P. O. 
Box 62, Rennerdale, Pa. 

Allison, Wilmer V. (C), Surveyor, American 
Bureau of Shipping; (Res.) Lot 13, Mul- 
berry Lane, Newton Square, Pa. 

Alpaugh, Lauson (B), Taylor-Wharton Iron 
& Steel Co., High Bridge, N. J. 

Altherr, W. J. (D) Welder, Cincinnati Mill- 
ing Machine Co.; (Res.) 5 Tuxedo Place, 
Walnut Hills, Cincinnati, Ohio. 

Aman, Dexter S. (D), Welder, Republic 
Steel Corp.; (Res.) N. Main St., Navarre, 
Ohio. 

Ames, Louis (C), Air Reduction Sales Co., 
1116 Ridge Ave., Pittsburgh, Pa. 

Ames, M. S. (C), Foreman, % Leeds & 
Northrup Co., 4901 Stenton Ave., Phila- 
delphia, Pa. 

Amirikian, A. (C), Designing Engineer, 
Navy Dept., Bureau of Yards & Docks; 
(Res.) 6526 Western Ave., Chevy Chase, 
Md. 

Ammann, Lt. Werner (C), Officer-in-charge 
of Construction, U. 8. Naval Drydocks, 
. 8. Navy, P. O. Box 112, Morgan City, 
a. 

Anchor, Charles J. (C), Elect. Engineer, 
American Car and Foundry Co., 370 
Babcock St., Buffalo, N. Y. 

Anchors, Edward H. (C), District Manager, 
Air Reduction Sales Co., P. O. Box 2583, 
Birmingham, Ala. 

Andersen, C. S. (C), Supt., Pennsylvania 
Furnace & Iron Co., Warren, Pa. 

Andersen, Claude R. (1D), Welding Opera- 
tor, Mare Island, Navy Yard; (Res.) 
707 Seminary St., Napa, Calif. 

Andersen, G. M. (C), Engineer, Structures 
& Buildings, Chicago Rapid Transit Co., 
72 W. Adams St., Rm. 1240, Chicago, II. 

Andersen, H. M. (B), Welding Instructor, 
Morton High School; (Res.) 2209 S. 61st 
Court, Cicero, Ill 

Andersen, Karl M. (C), Welder, Federal 
Shipbuilding & Drydock Co.; (Res.) 23 
Myrtle Ave., Metuchen, N. J 

Anderson, Arthur R. (C), Hull Engineer, 
Cramp Shipbuilding Co.; (Res.) 902 
Main St., Riverton, N. J. 

Anderson, D. (1D), Are Welder, American 
Locomotive Co.; (Res.) 1500 State St., 
Schenectady, N. Y. 

Anderson, E. A. (B), Supervising Engineer, 
The Fidelity & Casualty Co. of N. Y 
1505 Federal St., Dallas, Tex. 

Anderson, E. D. (C), Kansas City Office 


District Manager, The Lincoln Electric 
Co., 1818 Main St., Kansas City, Mo. 

Anderson, E. J. (C), Supervisor, York Ice 
Machinery Co., Rt. 4, York, Pa. 

Anderson, Fred M. (C), Supt., Phila. Range 
Boiler & Tank Co., Coatesville, Pa. 

Anderson, Harry (C), Welder, American 
Brake Shoe & Foundry Co.; (Res.) R. R. 
2, Blue Island, Ill. 

Anderson, Ivar L. (C), Welding Instructor, 
Pullman Standard Car Mfg. Co.; (Res.) 
724 Washington St., Michigan City, Ind. 

Anderson, James L. (B), Manager, En- 
gineering Research Dept., Air Reduction 
Sales Co., 181 Pacific Ave., Jersey City, 
N 


Anderson, Karl H. (C), Lt. U. 8. 
Reserve, Section Base 1 
Jacksonville, Fla. 

Anderson, Kenneth (C), Instructor, St. Paul 
Vocational School, 14th & Jackson St., 
St. Paul, Minn. 

Anderson, Paul (1), Maintenance Me- 
chanic, Oklahoma Gas & Elect. Co.; (Res.) 
148. E. 34th St., Oklahoma City, Okla. 

Anderson, Robert (C). Mechanical De- 
signer, Taylor-Winfield Corp.; 
1324 South St., 8. E., Warren, Ohio. 

Anderson, Robert L. (C) 
Navy Dept.: (Res.) 
Arlington, Va. 

Anderson, R. V. (B), Chemist—Metallurgist, 
California Shipbuilding Corp.; (Res.) 
1137 S. 4th St., Alhambra, Calif. 

Anderson, Tom (C€), Local Representative, 
The Linde Air Products Co.; (Res.) 540 
E. 17th, Wichita, Kan. 

Anderson, Uno (C), Elect. Welder, Star 
Elect. Motor Co.; (Res.) 33 Berkeley 
Ave., Bellville, N. J. 

Anderson, W. L. (D), Welder, Penn. R. R. 
Co.; (Res.) 412 Wolf Ave., Chambers- 
burg, Pa. 

Anderson, Walter (B), Vice-President, Tay- 
lor-Winfield Corp., 2857 E. Grand Blvd., 
Detroit, Mich. 

Anderson, Wm. M. (C), General Supt., 
Columbian Steel Tank Co., 1509 W. 12th 
St., Kansas City, Mo. 

Anderton, James T. (C), Leadingman 
Welder; (Res.) Navy Y.M.C.A., 167 
Sands St., Brooklyn, N. Y. 

Andrews, F. H. (C), 150 Railroad Ave., 
Paterson, N. J. 

Andrews, Reginald A. (B), Manufacturers 
Representative, Reginald A. Andrews & 
Co., 427 W. Erie St., Chicago, Il. 

Andrews, Richard (F), Ensign U.S.N.R.; 
(Res.) 926 Lincoln Ave., Pompton Lakes, 
N. J. 

Angelillo, O. R. (B), Managing Engineer, 
Welding Div., Hollywood Heat Treating 
Co.; (Res.) 3281 Romulus Drive, Los 
Angeles, Calif. 

Angeli, Robert C. (B), Director of Develop- 
ment, % The 8S. 8S. White Dental Mfg. 
Co. Prince Bay, N. Y 

Anselm, George (D), Machinist, Bausch & 
Lomb Optical Co.; (Res.) Rush Henri- 
etta T. L. Rds., West Henrietta, N. Y. 

Anthony, R. E. (C), Welding Engineer, 
Goodyear Aircraft Corp., Akron, Ohio. 

Antonucci, Biagio (ID), Arc Welder, Westing- 
house X-Ray Co., Inc.; (Res.) 384 E. 
194th St., Bronx, N. Y. 

Apacki, Charles (C), Maintenance Welding 
Dept., R. G. Le Tourneau, Inc.; (Res.) 
725 Alexander, Peoria, Ill. 

Applegate, R. R. (C), Champion Rivet Co., 
E. 108th & Harvard Ave., Cleveland, Ohio. 

Appon, Michael I. (B), Welding Supervisor, 
Bigelow-Sanford Co.; (Res.) 60 Cedar 
St., New Britain, Conn. 

Aquino, Joseph F. (C), Welding Technical 
Coordinator, Detroit Board of Education; 
(Res.) 8143 Marlowe Ave., Detroit, Mich. 

Aquino, Louis (DD), Welding 
United Boat Service, Inc.; 
Buhre Ave., Bronx, N. Y. 

Archer, Fred C. (C), District Manager, 
Lincoln Elect. Co. 733 N. Van Buren St., 
Milwaukee, Wis. 


Naval 


Inshore Patrol, 


(Res.) 


Engineer, U. 8. 
4322—18th St., N., 


Foreman, 
(Res.) 3063 


ALPHABETICAL LIST OF MEMBERS 


Archiable, John M. (C 
Emery Industries, In 
St. Bernard, Ohio. 


Ardagh, John C. (B 


Chemical Supt., 
, June & Long Sta., 


, Sales Engineer, Lincoln 


Elect. Co.; (Res.) 3047 N. Kilpatrick 
Ave., Chicago, Il 
Argabright, J. A. (ID), Are Welder, Newport 


News Shipbuilding & Drydock Co.; 
(Res.) 34 Langley Ave., Beacondale 
Newport, News, Va. 

Armstrong, Charles H. (8), General Man- 
ager Edge Moor Iron Works, Edge Moor 
Del.; (Res.) Denbigh Hall, Wilmington, 
Del. 

Armstrong, Robert J. (C), 
solidated Edison Co.; (Res 
Ave Bronx, N 

Arnoldy, Roman F. (C), District Engineer, 
The Linde Air Products Co., 6119 Harris- 
burg Blvd., Houston, Tex 

Arnott, David (A), Vice-President & Chief 
Surveyor, American Bureau of Shipping, 
417 Beaver St., New York, N 


Welder Con- 
2089 Marion 


Arrington, J. W. (C), Welder; (Res.) 316 
W. Easton St., Tulsa, Okla 
Art, Vernon (C Welding Dem., Jeffrey 


Mig Co.: (Res 
Columbus, Ohio. 

Arthur, R. V. (DD), Welder, M. W. 
Const. Co.; (Res 
Monroe, La 

Artler, Edward R. (1), Welder; Res 
14910 Triskett Rd., Cleveland, Ohio 

Asbridge, Edmund M. (C Agricultural 
Engineer, A B Farquhar Co. Ltd 
(Res.) 210 8. Duke St., York, Pa 

Aschenbrenner, F. J. (B), Resident Engineer 
Arcrods Corp., P. O. Box D, 
Point, Md. 

Aschinger, Warren P. (C), Welder, Cin- 
cinnati Milling Machine Co Res.) 
3810 Edwards Rd., Apt. 206, Cincinnati, 
Ohio. 

Ash, Charles R.,’ Jr. (C), Civil Engineer, 
Chicago Bridge & Iron Co., 119 Long Ave.., 
Elizabeth, N. J. 

Ashbrook, R. L. (1D), Tacker, Cramp Ship- 
building Co.; (Res.) 7322 Bryan St., Mt. 
Airy, Philadelphia, Pa. 

Ashenbrener, Alois W. (1)), Jig Maker, 
Hamilton Mfg. Co.; (Res.) 1809-—29th 
St., Two Rivers, Wis. 

Ashley, C. C. (B), Engineer, Shell Oil Co., 
100 Bush St., San Francisco, Calif 

Ashley, Chas. H. (CC Ashley Welding, 
Mach. & Iron Co., Henry & Sterling Sts., 
Kingston, N. Y. 


Ashman, Theodore R. (I)), Chief Shipfitter, 
U. 8. Navy Receiving Station, San Diego, 
Calif. 

Ashton, Edward Lowell B), 
Structural Engineer, Oklahoma 
Assembly Plant, The Austin Co 
3133 N. W. 22nd S8t., 
Okla. 

Atkinson, Kenneth (B), President, B. C 
Welding Sales & Equipment Co. Ltd., 
Crestweld, Armstrong, B. ¢ Canada 

Atmore, Guy D. (C Salesman, Air Re- 
duction Sales Co.: (Res.) 401 Santa Bar- 
bara St., Santa Paula, Calif 

Atwood, G. H. (C 
Crane & Bridge 
(Res.) Maple st 
Coraopolis, Pa 

Aufhauser, Richard (13), 
Welding Rod Div Hobart Bros Res.) 
105 W. Race St , Troy Ohio 

Aufmann, Joseph (©), Chief Welding In- 
spector, Western Pipe & Steel Co.: 
(Res.) 1505 S. Adams St., Glendale, Calif 

Augsborg, Max (8B), Chief Draftsman 
Franque A. Dickins, 156 Sunnyside Ave., 
Brooklyn, N. ¥ 

Auld, Samuel (C), Shop Supt., Leach Steel 
Corp.; P. O. Box 744, Rochester, N. Y 

Auler, Edgar P. (C), Welding Engineer, 
Tavlor Forge «& Pipe Works Res 5207 
Belle Piaine Ave., Chicago, Ill 

Ausbach, L. P. (B), Editor, Industrial Pub 


Cleveland 


155 KE. Northwood Ave., 


Kellogg 
1012 N. Sth St., 


Sparrows 


Chief 
Aircraft 
Les.) 


Oklahoma City, 


. Engineer in Charge of 
Dept Dravo Corp.; 
Extension, R 


Tech Director, 


lishing Co., 812 Huron Rd., 
Ohio. 
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Auringer, Jay A. (B), Structural Engineer, Baker, Edwin (D), Welding Inspector, Barnes, Wm. W. (C); (Res.) Overbrook 


The Austin Co.; (Res.) 13436 Hartford American Locomotive Co.; (Res.) 2009 Arms, 63rd & Lebanon Ave., Philadelphia, 
Ave., E. Cleveland, Ohio. Morrow Ave., Schenectady, N. Y. Pa. 
Austin, Byron B. (C), Designer, Frank Lake Baker, Elmo A. (D), Welder, Western Pipe Barnett, Orville T. (B), Engineer of Tests. 
Co.; (Res.) R.F. D. 2, Pontiac, Mich. & Steel Co., 174 Hollywood Ave., San Metal & Thermit Corp., 92 Bishop st., 
Austin, Herbert G. (C), N. E. Dist. Sales Jose, Calif. Jersey City, N. J. 
Manager, Lukenweld, Inc., 131 State St., Baker, H. U. (B), Engineer, Roscoe Moss Barone, D. (C), Maintenance Welder, The 
Boston, Mass. Co., Box 64, Station A, Los Angeles, Calif. Barrett Co.; (Res.) 5124 Master &t., 
Austin, John B. (C), Welding Engineer Baker, James (I), 15 Stevens Ave., Jersey Philadelphia, Pa. 
Republic Welding & Flame C utting Co.: : City, N. J. Barr, J. B. (C), Lead-Welder, Seattle-Tacoma 
(Res.) 1021 Nela View Rd., Cleveland Baker, John David (C), Production Manager, Shipbuilding _Corp.; (Res.) 4226—11ith 
Heights, Ohio. Hugh J. Baker & Co., 602 W. McCarty Ave., N. E., Seattle, Wash. 
Ax, Teo. (C), Welding Supervisor, American St., Indianapolis, Ind. Barr, J. C. (B), Williams & Co., 901-937 
Can Co.; (Res.) 3815 Zinsle Ave., Ken- Baker, Joseph (D), Welder, Federal Ship- Penn. Ave., N. 8. Pittsburgh, Pa. 
nedy Heights, Cincinnati, Ohio. building & Drydock Co.; (Res.) 534—9th Barr, James W. (D), Welder, Victoria 
Axenty, Stuart E. (D), Gas Welder, Navy St., Carlstad, N. J. Machinery Depot; (Res.) 271 Beechwood 
Yard, Mare Island, Calif.; (Res.) R. 1 Baker, W. Burt (B), President & General Ave., Victoria, B. C., Canada. 
Box 567 B, Redondo Beach, Calif. Manager, Una Welding, Inc., 1615 Colla- Barr, Max M. (C), Elect. Welder, N. Y. 
Axline, R. A. (C), President, Metallizing mer Ave., Cleveland, Ohio. Navy Yard; _ (Res.) 650 Palisade Ave., 
Engineering Co., Inc., 21-07—4lst Ave., Baldwin, Harold (C), Instructor, R. G. Le Jersey City, N. J. 
Long Island City, N. Y. Tourneau, Inc.; (Res.) 220 Bergan St., Barr, Robert (D), Welding Dem., Areway 
Axtell, Andrew C. (C), Sales Engineer, Peoria, Il. Equip. Co.; (Res.) Box 115, Downington, 
Lincoln Elect. Co.; (Res.) 36 Burnett Balkcom, E. E. (C), Owner, Acme Welding Pa. 
Hill Rd., Livingston, N. J. & Electric Co., 619-21 Broadway, Macon, _ Barr, Dr. William M. (C), Chemical & Metal- 
Axtell, Howell B. (C), Welding Engineer, Ga. lurgical Engineer, Union Pacific Railroad 
Taylor-Winfield Corp., 1239 Chrysler Ball, George H. (B), Box 221, Mercer Co., Omaha, Neb. 
Bldg., New York, N. Y. Island, Wash. Barrios, E. H. (B), Welding Technician, 
Ball, R. A. (B), Engineer, Walworth Co., Woodward-Wight & Co. Ltd., 228 Glen- 
Ist and 0 Sts., South Boston, Mass. wood La. 
Ballantyne, W. M. H. (B), Installation En- arron, }. H. (5), Sales Manager, Stainless 
B gineer, Safe Harbor Water Power Corp., Steel tpotaste Co., 1000 Berry Ave., St. 
Babbitt, Charles A. (C), Welding Engineer, Lexington Bldg., Baltimore, Md. 2 ron, Se 
Western Pipe & Steel Co., 5717 Santa Fe Ballew, R. T. (D), Operator, Hughes Tool “Col: wenn ®). Genet eeennen. The 
Ave., Vernon, Calif. Co., 5138 Leeland Ave., Houston, Tex. Seen, Se. oiler Co., Box olum- 
Babcock, Francis (D), Student & Tool De- Ballinger, Vernon (C), Welder, The Texas , 
signer, Olds Motor Works Div., General Oil Co.; (Res.) 1041 Avenue C, Bayonne, a4 Alfred J. (B), Owner & Operator, 
Motors Corp.; (Res.) 1141 W. Wash- N. J. National Welding School; (Res.) 7400 
tenaw, Lansing, Mich. Ballou, Earl M. (1D), Elect. Welder, General 
Babin, John (B), Metallurgical Engineer, Elect. Co.; (Res.) 1317 Richard St. _Bartch, Maura J. (B), Works Engineer, 
Chase Brass & Copper Co., 236 Grand St., Schenectady, N. Y. American Blower Corp.; (Res.) 8111 


Waterbury, Conn. Tireman Ave., Dearborn, Mich. 


Bamberger, Sidney F. (©), Chief Structural a 
Babulya, Alexander W. (1D), 3rd Grade Engineer, Pollock-Stockton Shipbuilding Bartel, S. Le 
ene, New York Shipbuilding Corp.; Co., P. O. Box 1848, Stockton, Calif. aa ne.; (Res.) 3 Ellis, Peoria, 
(Res.) 48 E, Kingsbridge Rd., Bronx, gi 
N. Y. Bartels, Carl P. (B), Supt., The Mosler Safe 
Bach, A. Dudley (B), President, New ) re 0., Hamilton, Unio. 
England Metallurgical Corp., 9 Alger St., Bartenfeld, Wilford G. (D), President & 
South Boston, Mass. Manager, Channel Steel Hull Corp., 
Bandy, William (C), Welder, R. G. Le Rockefeller Bldg., Cleveland, Ohio. 
Backus, Thomas, Jr. (B), Asst. Supt., Tourneau, Inc.; (Res.) 3616 N. Monroe nei 
Carnegie-Illinois Steel Corp., Mechanical St. Peoria. Dl. > 
Dept., Youngstown, Ohio Banks, K. B. (B), Asst. Chief Engineer, es.) reen 


Bacon, Chauncey M. (B), Owner & Manager, 3 7 
A. B. C. Welding Service, 2400 Hyde Park Box 1714, Barton, James R. (D), Welder, Republic 
Bivd., Niagara Falls, N. Y. Steel Co.; (Res.) 9106 Marshall Ave., 


ia Bannister, Bryant (A), Asst. to Vice-Presi- ‘evel Ohi 
Badgett, Stephen H. (C), Mech. Engineer, dent, National Tube Co., 1732 Frick Bldg., The 
Bide. Pittebur Pittsburgh, Pa. Go 2820 Greysolon Rd. 
Barter (B), Welding Super- Barber, C. Merrill (C), Consulting Struc- Duluth, Minn. 
— Y.A. , President, Worcester Weld- 237 Hanna Bidg., Cleve- Baruth, Welder, Sepa- 
orks, 17 Central St., Worcester, John Meet. Welder, Beth- Minn. 
A. B. (B). Valley ¢ os.) 43 Fordham 8t., Bassett, H. H. (B), Sales Manager, 
‘ ept., Sun Oil Co arcus Hook, Pa Barclay, Paul V. (B), P. O. Box 495, Mason wd iy = + og hs ‘ “ National Bank o 
agwell, M. W. (C), Manager, General ulsa g., dulsa, a. 


City, Iowa. 


Steel Tank Co., 4000 N. 8th Ave., Birming- 


: Bassini, Louis M. (B), Supt., Monroe Stee! 
ham, Als. Bard, J. K. (B}, Supt., Fabricated Steel Castings Co., 138 Tremont St., Monroe, 
" Bailey, Otterbein A. (B), Chief Engineer, Buffalo, N. ¥ 29 ” : Mich. 
ago Bridge & Iron Co., 1305 W. 105th Bassler, Clyde (B), District Manager, 
. , Chicago, Ill. Bardine, Calvert S. (C), Welding Instructor, Taylor-Winfield Corp., 543 Washington 
i Wi Keewatin High School; (Res.) P. O. Box ‘hic 
Robert P. (C), Technical Field En- 3 K 1g P Bivd., Chicago, II. 
. gineer, General Electric Co., 12916 Sher- 148, Keewatin, Minn. ae Basta, Nicholas (B), Welding Supervisor, 
: wood Drive, Huntington Woods, Mich. Barg, Arthur G. (C), Welding Instructor, National Youth Administration; (Res.) 
Bailey, Robert T. (C), Jr. Welding Engineer, (Res.) 2325 8052 Dwyer, Detroit, Mich. 
Experiment itus Ave., Rochester, N. Y. Bast, William (C), Welding Foreman, 
(Res artin St., Annapolis, Barker, Jerome (D), Welder, Deleo Appli- Stewart-Warner Co.; (Res.) 3247 N. 
me oe pate ; ance Div.; (Res.) 78 Wilder St., Rochester, Oakley, Chicago, Il. 
5. ). N.Y. Bateman, Thomas Huston (C), Sales Repre- 
oe Milwat td ze W; 0., 3073 5. Chase Ave., Barker, J. E. (C), Chief Inspector, Hartford sentative, W. H. 8. Bateman & Co., 813 
oy Baill Sent nay (C). Seal Steam Boiler Insp. & Ins. Co., 707 Arctic Commercial Trust Bldg., Philade!phia, Pa. 
Melay Bldg., Seattle, Wash. Bateman, W. H. S. (C), Welding Engineer. 
ilectrodes, B. W. Parsons Co., Sales 4 - 
- Agents, 1315 Minn. Mutual Life Bld Barkow, Edmund F. (C), Secretary, Wis- Champion Rivet Co., Commercial Trust 
- St. Paul. Minn. &-, consin Bridge & Iron Co., 5023 N. 35th Bidg., Philadelphia, Pa. 
ee Bain, Earle S. (D), Electric Welder, Bethle- ~. ie, We Bates, Earl (B), Owner & Manager, Ear! 
oe hem Steel Co.; (Res.) 167 Union St., South Barnes, Elmo (D), Welding Operator, Bates Welding Service, 616 N. 9th St., 
a Weymouth, Mass. Willy's Overland Co., Toledo, Ohio. Cambridge, Ohio. 
° Bain, George (C), Salesman, Lincoln Elec- | Barnes, Leonard T. (D), Welder Leadman, _— Bates, Harvey C. (C), Mechanical Foreman, 
Co., 10228 Woodward Ave., Detroit, Associated Ship Builders; (Res.) 910 E. Co.; (Res.) 337 
ba Mich. Prospect, Seattle, Wash. ain St., Augusta, Kan. 
Baines, Harry C. (C), Welder, Mack Mfg. Barnes, William H. (C), Engineer of Surface Bates, Howard F. (D), Welder, Mid-Conti- 
Co.; (Res.) 1234',, Tilghman St., Allen- Lines, Boston Elevated Railway Co., 31 nent Petroleum Corp.; (Res.) 1506 E. 
town, Pa. St. James Ave., Boston, Mass. 35th St., Tulsa, Okla. 
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Bates, James L. (C), Director, Tech. Div., 
S. Maritime Commission, Room 4836, 
Bidg., Washington, D. 

Bates, Malcolm H. (D), Welder, Hq. Co., 
106th Qm. BN., 3lst Infantry Div., % 
Postmaster, Leesville, La. 

Bathman, G. E. (B), Supervising Engineer, 
The Fidelity & Casualty Co. of N. Y., 10 
Pryor St., Atlanta, Ga. 

Bauer, A. E. (C), Engineer, Brown Sheet 
Iron & Steel Co., 964 Berry Ave., St. 
Paul, Minn. 

Bauer, G. (C), Welder, Federal Shipbuilding 
& Drydock ‘Co.; (Res.) 1355 E. 54th St., 
Brooklyn, N. Y: 

Bauer, Jacob L. (C), Captain, Q.M.C., U.S. 
Army, Motor Training Section, QMRTC, 
Camp Lee, Va. 

Bauer, John (D), Electric Welder, Con- 
solidated Shipbuilding Corp.; (Res.) 
3063 Hull Ave., Bronx, N. Y. 

Bauer, Leo A. (C), Principal Inspector of 
Engineering Material (Mechanical), U. 8. 
Navy; + aa 32 Highfield Lane, Ruther- 
ford, N. 

a ll L. (C), Forman, Tank Dept., 
Geo. J. Meyer Mfg. Co., Cudahy, Wis. 
Bauer, William C. (C), Welding Supt., York 
Safe & Lock Co.; (Res.) 335 Harding 

Court, York, Pa. 

Baughman, William C. (F), Student, Ohio 
State University; (Res.) 222 8S. Lincoln 
Ave., Alliance, Ohio. 

Baumann, A. J. (C), Supt., Canadian 
Ramapo Iron Works, Niagara Falls, Ont., 
Canada. 

Baumann, Leonard (C), Supervisor, Beth- 
lehem Steel Co.; (Res.) 111 W. 7th Ave., 
Roselle, N. J 

Baumer, Scott D. (B), Steel Mill Repre- 
sentative, Air Reduction Sales Co.; (Res.) 
Meadow Road, Pleasantville, 


Baumler, Harold A. (C), Welding Engineer, 
A. O. Smith Corp., 3826 Palm St., Hous- 
ton, Tex. 

Bayer, Frank (C), Blacksmith, E. B Holmes 
Machinery Co.; (Res.) 266 Hazelwood 
Ave., Buffalo, N. Y. 

Bayne, John (C), 
Walter Kidde; 
Paterson, N. J 

Bays, Carson W. (C), Combination Welder, 
Gary Steel Products Corp.; (Res.) 3123 
Marne, Norfolk, Va. 

Bayston, Richard B. (C), Sales Manager, 
Chattanooga Boiler & Tank Co., Box 110, 
Chattanooga. Tenn. 

Beadie, T. M (B), Managing Director, The 
Be adle Welding & Engineering Co., 20 
Belfast St., Christchurch, C. 1, New 
Ze: aland. 

Beal, W. (C), Manager, Ferro Welding Co.; 
(Res.) 2 224 W. Bridge St., Elyria, Ohio. 
Beall, Clyde R. (C), Instructor, Oklahoma 

A. & M.; (Res.) Henessey, Okla. 

Beall, Frank E. (C), Weld Instructor, Dravo 
Corp.; (Res.) 36 N. Woodward Ave., 
Roselle, Wilmington, Del. 

Bean, Willis E. (D), Welder, 
Co.; (Res.) 215 E. King St., 

Beaton, a5 (B), Chief Engineer, Hilo 
Sugar Hilo, Hawaii. 

Beattie, Wm. H. (B), Foreman, M. Lyell 
Mining Pty., Box 63, Queenstown, 
Tasmania Australia. 

Beatty, Allan W. (B), Manager, Alloy Steel 
Div., Pittsburgh Piping & Equipment 
Co.; (Res.) Ingomar Rd., D 
Bellevue, Pa. 

Beatty, Howard (D), Spotwelder, Brewster 
Corp.: (Res.) 90-38—170 

.. Jamaica, L. I., N. Y. 

oan Wallace W. (C), Research Engineer 
Battelle Memorial Institute, 505 King 
Ave., Columbus, Ohio. 

Beck, Edward R. (C), Sales 
Square D Co., 4041 N. 
Milwaukee, Wis. 

Beck, Francis M. (C), 
General Elec. Co., 


Welding Supervisor, 
(Res.) 134 Carol 8t., 


Alloy Rods 
York, Pa. 


Engineer, 
Richards St., 


Welding Engineer, 
Schenec tady, 


Beck, Sherman E. (D), Elect. Arc Welder, 
agg Navy Yard; (Res.) 1226 Spratley 
. Portsmouth, Va 
Tage (C), W > Representative, 
729—15th St., N. W., Washington, D. C. 

Beck, Theodore (C), Welding Engineer, 
Federal Machine & Welder Co.; (Res.) 
743 Glenwood Ave., N. E., Warren, Ohio. 

Beck, William A. (C), District Sales Man- 
ager, % The Linde Air Products Co., P. O. 
Box 1222, Charleston, W. Va. 

Becker, Edward C. (B), Structural Engineer, 

basco Services, Inc., 2 Rector St., New 
York, N. Y. 

Becker, Walter C. (C), Chief Engineer, Ohio 
Brass Co., Mansfield, Ghio. 

Becker, W. C. (C), The Burdett Oxygen Co., 
3300 Lakeside Ave., Cleveland, Ohio. 

Beckmeier, Gustav H. (D), Welding Oper- 
ator, N. Y. Shipbuilding Comps (Res.) 
Cedar Ave., Locust Valley, » 

Bedworth, Robert E. (B), ‘ll Repre- 
sentative, Westinghouse E. & M. Co., 40 
Wall St., New York, N. Y. 

Beede, Howard C. (F), Student, University 
of Illinois; (Res.) 102 E. 80th St., Seattle, 
Wash. 

Beeler, Eugene W. (C), Owne 
Co., 635 Mt. 
Ohio. 

Begley, F. P. (C), Master Mechanic, Na- 
tional Cast Iron Pipe, Birmingham, Ala. 
Begley, Paul J. (C), Supervisor of Welders, 
Board of Education, Omaha, Neb.; 
(Res.) 4109 8S. 27th St., South Omaha, 

Neb. 

Begor, William E. (B), Welding 
North C a Shipbuilding Co., Wil- 
mington, N. 

Begtrup, E. + (B), Asst. Supt., 

Thermit Corp., 92 Bishop St., 


aN. 


r, Are Welding 
Vernon Ave., Columbus, 


Metal & 
Jersey City, 


Behling, Emil A. (C), Supt. of Pipe «& Weld- 
ing Dept., The V ilter Mfg. Co.; (Res.) 
2747 S. Cleme nt Ave., Milwaukee, Wis. 

Behmke, Peter S. (C), Foreman, The Vilter 
Mfg. Co.; (Res.) 2173 8S. 6th St., Mil- 
waukee, Wis. 

Behrend, Alfred (C), Welding Specialist, 
Chas. ’. Krieg & Co., Ine.; (Res.) 
R.F.D. 1, Millbrook, Dover, N. J. 

Behringer, Cecil (B), Northern 
Pump Co., 1400 Portland Ave., S., Minne- 
apolis, Minn. 

Beidler, Joseph W. (C), Master Union Melt 
Welder, Richmond Shipbuilding Corp., 
415 Stannage Ave., Albany, Calif. 

Beilke, Martin (C), Welder, Minneapolis 
Gas Light Co.: (Res.) 2348 Thomas Ave., 
N., Minneapolis, Minn. 

Beishline, Guy C. (B), District Manager, 
American Car and Foundry Co., Berwick, 
Pa. 


Belcher, Floyd R. (C); (Res.) 7914 Dens- 
more Ave., Seattle, Wash. 

Belcher, R. T. (B), Head Instructor, Beckley 
College, Beckley, W. Va. 

Beldon, Arthur J. (B), Service Supervisor, 
The Linde Air Products Co., 1001 8. 22nd 
St., Birmingham, Ala. 

Bell, H. Mace (C), District Engineer, Ameri- 
can Institute of Steel Construction, 
Masonic Temple Bldg., New Orleans, La. 

Bell, John J. (C), Welding Supt., Robbins 
Drydoe k Co.; (Res.) 95—73rd St., Brook- 
lyn, N. Y. 

Bell, Perley C. (ID), Owner, Repair Shop; 
(Res.) R.F.D., Box 37, Bartonsville, Vt. 
Belles, Albert O. (C), Foreman, Welding 
Dept., Western Pipe & Steel Co.; (Res.) 
1106 Divisadero St., San Francisco, Calif. 
Bellfii Omer H. (C), Chief Welding In- 
spector, Great Lakes Engineering Works; 
(Res.) 144 E. Henry S8t., River Rouge, 

Mich. 

Bendak, Frank J. (C), Welder, W. K. 
Mitchell Co.; (Res.) 906 Bonaparte Ave., 
Baltimore, Md. 

Bender, Louis D. (D), Comb. Welder, B. F. 
Goodrich; (Res.) Kool Kamp, Shively, 
Ky. 
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Bendot, Joseph M. (B), Master Mechanic 
Engineer, Jessop Steel Co.; (Res.) 826 
Rockwood Ave., Mt. Lebanon, Pa 

Benedetto, G. A. (D), Are Welder, American 
Locomotive Co.; (Res.) 17 Barrett St., 
Schenectady, N. Y. 

Benedict, D. N. (A), Vice-President General 
Manager, Frick Co., Waynesboro, Pa 

Benedict, E. R. (B), General Plant Mer., 
Ric-Wil Co., Barberton, Ohio 

Bengston, N. B. (B), Acting Mach. Supt., 
Colonial Beacon Oil Co., Inc., 30 Beacham 
St., Everett, Mass. 

Benjamin, Earl (B), Partner, Welded Con- 
struction Engineering Co.; (Res.) 3981 
W. 140th St., Cleveland, Ohio. 

Benkert, Louis M. (B), General Manager, 
Progressive Welder Co., 3050 E. Outer 
Drive, Detroit, Mich. 

Bennett, Arthur A. (C), Owner, Bennett 
Machine & Welding Works, 516 Main St., 
Caldwell, Idaho. 

Bennett, Clifford W. (C), Associate En- 
gineer, U. S. Bureau of ‘Reclamation, 347 
Custom House, Denver, Colo. 

Bennett, Edward B. (B), Metallurgist, 
Weirton Steel Co.; (Res.) 2810 Opal 
Blvd., Steubenville, Ohio 

Bennett, F. L. (VD), 
General Electric Co.; 
rado St., Syracuse, N. Y 

Bennett, William (B), 
(U.S.A. & Canada), 
Shipping, 17 Battery 


Robert H. (C District En- 
Linde Air Products Co.; 
Milwaukee, Wis. 


President, Bentley 
& Riegel St., 


Welding Operator, 
(Res.) 128 Eldo- 


Principal Surveyor 
Lloyd's Register of 
Place, New York, 


Bennewitz, 
gineer, The 
(Res.) 2707 N. 49th St., 

Bentley, Harold P. (B), 
Weldery, Inc., Teall Ave. 
Syracuse, N. Y. 

Berg, L. Henry (D), Setup and Welding, 
Fairbanks, Morse Co.; (Res.) 801 5. 
Main, ‘lhree Révers, Mich. 

Berg, L. D. T. (C), Electric Welding Sales, 
General Electric Co., Rm. 534, Bldg. 2, 
Schenectady, N. Y. 

Bergeson, Lloyd (B), Planning Engineer, 
Cramp Shipbuilding Co.; (Res.) 1710 
Delancey St., Philadelphia, Pa. 

Bergmann, |Frank (C), Welder, % 
Welding & Machining Service, 
Ohio 

Bergmann, J. R. (5), Engineering Proprietor, 
The Cleves Welding & Machining Service, 
P. O. Box 44, Cleves, Ohio 


Bergundthal, C. J. (B), Welding Engineering 
Co., 431 Grove St., Oakland, Calif. 


Berlin, Jack J. (C), Hull Draftsman, 
Niagara Shipbuilding Co., 1290 Fuhrman 
Bivd., Buffalo, N. Y. 


Berling, Edward (D), 
lehem Steel Co.; (Res. 
Bronx, N. Y. 

Bermen, Henry (D), Welder, Western Pipe 
& Steel Co.: (Res.) 321 Holly Park Circle, 
San Francisco, Calif. 

Bernard, Frank M. (©), 
inghouse Electric Co., 
Pittsburgh, Pa. 

Bernard, George S., Jr. (C), Electrical En- 
gineer, Aluminum Cooking Utensil Co.; 
(Res.) Hotel Hughson, Modesto, Calif. 


Bert, John D. (C), Welding Engineer, Phila- 
delphia Navy Yard; (Res.) 711 Harvard 
Rd., Cynwyd, Pa 

Bertelsen, Linn (C 
Supply Co.; (Res. 
Compton, Calif 

Bertola, Peter Henry (5), 
gineer, Harnischfeger Corp., 
San Francisco, Calif. 

Beserra, Cleopas (D)," Welding Operator, 
Trabajo Temporal Taller Repocion, Gar- 
cia Amorales No. 48, Navajoa San, Mex- 

Best, Frank™A. (B), President, 
Standard Co., 813 Mercer S&t., 
Ont., Canada 

Betz, Carl E. (B 


Cleves 
Cleves, 


Elect. Welder, Beth- 
2894 Zulette Ave., 


Supervisor, West- 
306 Fourth Ave., 


Operator, National 
510 N. Poinsettia St., 


Welding En 
82 Beale St., 


Backstay 
Windsor, 


Manager Eastern Div., 
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Magnaflux Corp., 25 W. 43rd St., New 

York, N. 

Beutel, Herbert W. (C), Works Manager, 
Mosher Steel Co.. Box 2248, Dallas, Tex. 
Beyer, Gilbert G. (C), Secretary, Optenberg 
Iron Works, P. O. Box 144, Sheboygan, 

is. 

Bhagat, N. B. (A), Proprietor & Engineer, 
Bhagat & Sons, Siwri Fort Rd., Bombay, 
15, India. 

Bibber, Leon C. (A), Welding Engineer, 
Carnegie-Illinois Steel Corp., 615 Frick 
Bidg., Pittsburgh, Pa. 

Bidack, Peter (1D), Welder, American 
Laundry Mach. Co.; (Res.) 318 Avenue 
B, Rochester, N. Y. 

Biedermann, Harry (©), Member of Firm, 
Acetylene & Welding Equipment Co., 
38 Newton Blvd., Freeport, N. Y. 

Bieszk, Anthony (B), Bieszk Brothers Co., 
37705 Plymouth Rd., Plymouth, Mich. 

Biever, E. J. (B), Chief Mech. Engineer, 
Kohler Co., Kohler, Wis. 

Bihn, Leo (C), Welder, Permanente Corp.; 
(Res.) 941 Coleman Ave., San José, Calif. 

Bilek, Frank J. (C), Chief Engineer, The 
Globe Co., 4000 8S. Princeton Ave., 
Chicago, Ill. 

Bilonos, Mitchell P. (D), American Loco- 
motive Co.; (Res.) R. D. 2, Ballston 
Lake, N. Y. 

Binck, Arthur S. (C), Asst. to Welding En- 
gineer, General Electric Co.; (Res.) 520 
Riverside Ave., Scotia, N. 

Bingaman, Roy E. (C), Disctien. York Ice 
Machinery Corp.; (Res.) 645 West Locust 
St., York, Pa 

Binkley, Wm. D. (D), Welding Operator, 
Ajax tron Works, Denver, Colo.; (Res.) 
3765 8. Acoma St., Englewood, Colo. 

Binschoff, Willis F. (1D), Gas Burner or Cut- 
ter, Fede ral Shipbuilding & Drydock Co.; 
(Res.) 775 Riverside Drive, Apt. 4D, New 
York, N. 


Bird, George T. (B), President & Manager, 
Bird Potts Co., Inec., 376 Marietta St., 
N. W., Atlanta, Ga. 


Birinyi, Louis (F), Student, Welding En- 
gineering, Ohio State University; (Res.) 
333 Lincoln Ave., Lansdowne, Pa. 

Birkhbolz, John (C), Fabricating Shop Con- 
struction Foreman, Bethlehem Steel Co.; 
(Res.) 613 E. St., Sparrows Point, Md. 


Birnie, Albert W. (C), Welder, Fitchburg 
Paper Co.; (Res.) 5 Oxford St., Fitch- 
burg, Mass. 

Bisbee, David P. (C), Supt., Rheem Mfg. 
Co., 4361 Firestone Blvd., South Gate, 
Calif. 

Bischoff, George E. (C), Service Engineer, 
National Cylinder Co., 2136—85th 

North Bergen, N. 


Eldred T. (D), Welding & 
Heat Treating, Subdepot Engineering, 
Lowry Field; (Res.) 1209 Trenton St., 
Denver, Colo. 

Bishop, Henry R. J. (B), Welding Dem., 
Quasi-Are Co., Ltd.; (Res.) 347 High- 
land Rd., Kensington, Johannesburg, 
South Africa. 

Bishop, Levina (D), Welder, American 
Metals Co. (Res.) 65 St. Marks Place, 
New York, N. 


Bissell, A. G. (B), Senior Welding Engineer, 
Bureau of Ships, Navy Dept., Rm. 4602, 
Navy Bldg., Washington, D. C. 

Bisset, Robert E. (C), Plant Superinten- 
dent, Foster Wheeler Limited; (Res.) 
7 George St., St. Catharines, Ontario, 
Canada. 

Bittner, Henry (C), Foreman, Nash En- 
gineering Co., South Norwalk, Conn. 

Black, J. Nelson (C), Welding Specialist, 
General Electric Co., 215 W. 3rd St., 
Cincinnati, Ohio. 

Black, John Roy (B), Structural Engineer, 
Robberson Steel Co., Oklahoma City, 
Okla. 


Black, Le Roy H. (C), Welder, Marmon 
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Herrington, Inc.; (Res.) 1118 Sterling St., 
Indianapolis, Ind. 

Black, Owen H. (D), Welder, Federal Ship- 
building & Drydock Co.; (Res.) 28-30 
Sherman Place, Jersey City, N. J. 

Black, W. A. (B), Chief Electrical En- 
gineer, Steel & Tubes, Div. of Republic 
Steel Co., 224 E. 131st St., Cleveland, 
Ohio. 

Blackburn, Bryan (C), Engineer and Treas- 
urer, R. D. Cole Mfg. Co., Newman, Ga. 
Blackford, J. F. (D), Welder, Equipment 
Steel Products; (Res.) 322 N. Water St., 

Thornton, Ill. 

Blackman, Edwin N. (C); 2208 A St., Bakers- 
field, Calif. 

Blackmore, F. L. (C), 2627—12th Ave., 
Oakland, Calif. 

Blackshaw, Joseph T. (D), Welder, Southern 
California Gas Co.; (Res.) 2410 Howland 
Drive, Temple City, Calif. 

Bladholm, E. F. (C), Mechanical Engineer, 
General Plant Div., Bureau Power 
Light, City of Los Angeles; (Res.) 827 
Malcolm, Los Angeles, Calif. 

Blair, E. D. (D); Onamia, Minn. 

Blair, Vaughn B. (DD), Welder, General En- 
gineering & Drydock Co.; (Res.) 1917 
Chestnut St., Alameda, Calif. 

Blais, Lucien (ID), Welder, Marine In- 
dustries Ltd., Sorel, P. Q., Canada. 

Blake, James C. (B), Lt. Comdr., U.S.N.R., 
U. 8. Navy, Bureau of Ships, Navy Dept., 
Ww ashington, BD. C. 

Blake, Joel W. (C), Assistant Supt. of 
Generation, Oklahoma Gas & Elec. Co., 
3rd & Harvey, Oklahoma City, Okla. 

Blakey, Robert M. (C), Associate Principal 
Inspector of Enginee ring Materials, U. 8. 
Navy Dept.; (Res.) 327 W. Oxford St., 
Alliance, ¢ Yhio. 

Blanchard, Jules R. (C), Supervising Welder 
& Welding Instructor of Shawinigan Tech. 
Inst., Shawinigan Chemicals, Ltd., Sha- 
winigan Falls, Quebec, Canada. 

Bland, George O. (C), Service & Dem., Hill 
Equip. Engrg. Co., 4135 Gratiot St., St. 
Louis, Mo. 

Blank, Maynard J. (C), Magnaflux Foreman, 
Northern Pump Co.; (Res.) 4700 Colum- 
bus Ave., Minn. 


Blanke, John A. (C), Foreman, Cruse, 
Kemper Co.; (Res.) 209 Haakon Rd., 
Brooklawn, N. J. 

Blankenbuehler, John (B), Design En- 
gineer, Westinghouse Elect. & Mfg. Co.; 
(Res.) 234 Lehigh St., Swissvale P. O 
Pittsburgh, Pa. 

Blanton, John W. (C), Electric Welder, U.S. 
Navy; (Res.) 7005 Wake Forest Drive, 
Calvert Hills, Md. 

Blasiol, Victor J. (D), Welder, Missouri 
Bridge & Iron Co., (Res.) 2226 N. 41st St., 
East St. Louis, Ill. 

em, Peter F. (D), Welder, W. Tyler 

‘o.; (Res.) 890 E. 141st St., Cleveland, 
Obib. 

Blazey, John (C), Owner & Operator of 
Welding Shop; (Res.) Canal & Holmes 
Sts., Palmyra, N. Y. 

Bledsoe, L. F., Jr. (B), Inspector on Welding 
Engineers Staff, Newport News Ship- 
ee & Drydock Co., Newport News, 

a. 

Bleecher, Rudolph J. (C), Designer, E. B. 
Badger & Sons Co.; (Res.) 2820 Ocean 
Ave., Brooklyn, N. Y 


Bleecker, William Hill (A), Sales Manager, 
Page Steel & Wire Div., American Chain 
& Cable Co., Monessen, Pa. 

Bleikamp, C. E. (C), Executive Asst., St 
Louis Car Co., St. Louis, Mo. 


Blennerhassett, L. I. (B), Senior Coordi- 
nator, C. F. Braun & Co., 1000 8. Fremont 
Ave., Alhambra, Calif. 


Blesi, John E. (C), Serviceman, Air Reduc- 
tion Sales Co., P. O. Box 2583, Birming- 
ham, Ala. 


R. T. (C), Bridge Engineer, 


Y. Chicago & St. Louis R. R. 
Box 6119, Cleveland, Ohio. 


ALPHABETICAL LIST OF MEMBERS 


Blickman, Newton (B), Engineer, 8. Blicx- 
—_ Inc., 536 Gregory Ave., Weehawke n. 


Blickman, Saul (B), President, S. Bliekman 
Inc., 536 Gregory Ave., Weshawhe N. J’ 
Blind, George J. (B), Supt., Midwest Piping 
& Supply Co., 5 Central Ave., Clifton 
N. d. 

Bliss, Percy I. (C), Foreman, Welding De; 
Night Crew, Cone Automatic Mac lear ry 
Co.; (Res.) Ascutney Blvd., Ascutney 
Vt. : 

Block, William A. (C), WwW “gy Foreman, 
American Locomotive C 0. (Res.) 
Maple Ave., Dunkirk, N. 

Blodgett, Omer (F), 1410 E. Sth St., Duluth, 
Minn. 

Blomberg, M. (B), Car Body Engineer, 
Electro-Motive Corp., La Grange, III. 

Bloodgood, C. M. (C), Pacific Coast Man- 
ager, Air Reduction Sales Co., 220 Bush 
St., San Francisco, Calif. 

Bloom, Carl A. (D), Welder, Western Pipe & 
Steel Co.; (Res.) 665 Grand Ave., South 
San Francisco, Calif. 

Bloom, David (C), Lab. Engineer, White- 
head Metal Products Co., Inc., 235 Bridge 
St., Cambridge, Mass. 

Bluhm, James D. (C), Welding Specialist 
Westinghouse E. & M. Co., 1180 Ray- 
mond Bivd., Newark, N. J. 

Bluhm, Leslie E. (C), Associate Welding 
Engineer, Bureau of Ships, Navy Dept., 
Washington, D. C. 

Bluhm, R. Frederick (F); Box 12, Scottdale, 
Pa. 
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Blum, Harold P. (C), District Manager, Una 
Welding Inc.; (Res.) 3329 Daleford Rd... 
Shaker Heights, Ohio. 

Blurton, C. O. (D), Operator, Black, Sivalls 
& Bryson, Inc.; (Res.) 1504 8. W. 27th 
Oklahoma City, Okia. 

Boardman, Harry C. (B), Research Engineer, 
Chicago Bridge & Iron Co., (Res.) 10357 
S. Hoyne Ave., Chicago, Ill. 

Bobbs, James Osfin (D), Chief Instructo 
Welding Dept., Vicksburg Public Schools, 
P. O. Box 17, Porters Chapel Road 
Vicksburg, Miss. 

Bock, L. E. (C), Asst. Foreman, Welding 
Dept., Hughes Tool Co., Houston, Tex.; 
(Res.) 110 Haywood Drive, Garden Villa, 
Houston, Tex. 

Bock, Linden F. (C), General Electric Co., 
1285 Boston Ave., Bridgeport, Conn. 
Bockler, Charles (C), Welder, R. G. Le 
Tourneau, Inc.; (Res.) Box 242, Meta- 

mora, Ill. 

Bodin, C. E. (C), National Cylinder Gas Co., 
2420 University Ave., St. Paul, Minn. 

Bodine, Francis O. (C), Asst. Supt. Mid- 

west Piping & Sup yply Co.; (Res.) 15 
Abbington Terrace, Glen Rock, N. J. 

Bodurtha, David A. (D), Electric Welder, 
Northington Pump & Machinery Corp.; 
(Res.) 20 8. Maple St., Westfield, Mass. 

Boeck, Alfred W., Jr. (D), Welder, Electro- 
Motive Corp.; (Res.) 1841 N, Mayfield 
Ave., Chicago, 

Boeck, R. E. (C), Welding Engineer, Wor- 
den Allen Co.; (Res.) 3889 lJ. 4th St., 
Milwaukee, Wis. 

Boedecker, Woodrow (C), Engineer, Bastian 
Blessing Co., 4201 W. Peterson Ave., 
Chicago, Ill. 


Boehmke, Arthur H. (C), Gas & Arc Welder, 
Paterson-Leitch Co.; (Res.) 1548 Olive- 
wood Ave., Lakewood, Ohio. 

Boehne, Alfred (D), Burner Leadingman 
Federal Shipbuilding & Drydock Co.; 
(Res.) 55 Magnolia St., Newark, N. J 

Boelter, L. W. (B), ee Supervisor, 
Ford Motor Co., Willow Run Bombe: 
Plant, Romulus, Mich. 


Boetcher, Hans Nielson (C), Asst. to Supt. of 
Power Production Stations, Consol. Gas, 
Electric Light & Power Co., Westport 
Steam Station, Baltimore, Md. 

Boettner, Fred W. (C), Foreman, Optenberg 


Iron Works; (Res.) 1603 Illinois Ave., 
Sheboygan, Wis. 
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Boggess, Robert William (C), Instructor, 
\re Welding, Marion Co. Board of Edu- 
cation, W. Va.; (Res.) Box 416, Lumber- 
port, W. Va. 

Boggs, Jay S. (D), Electric Welder, Navy 
(Res.) 20-B Calhoun Homes, 
North Charleston, 8. C. 

Bogh, Waldemar (C), Welder, San Antonio 
Gold-Mines, Ltd., Bissett, Manitoba, 
Canada. 

Bogren, William L. (C), Welding Instructor, 
California Shipbuilding Corp.: (Res.) 
207 N. Pacific Ave., San Pedro, Calif. 

Bohne, Walter M. (B), Electrical Engineer, 
Hammett Electric Mfg. Co., 209 W. 19th 
Terrace, Kansas City, Mo. 

Boian, Wilbur O. (B), Engineer, Pittsburgh- 
Des Moines Steel Co., 1015 Tuttle St., 
Des Moines, Iowa. 

Boisvert, Xavier (C), Chief Engineer, 65 
Princeton Ave., Dover, N. J. 

Bolaskey, Frank (B), Owner, Bennett & 
Bolaskey, 209 Main St., Beacon, N. Y. 
Bolchoz, T. R., Jr. (B), Chief Quarterman, 
U. S. Navy Yard; (Res.) Box 39, Cos- 

grove Ave., Charleston, 8. C. 

Bolen, Clyde (D), Alloy Products Co.; 
(Res.) 933 E. Hay St., York, Pa. 

Boley, Frederick W. (C), Salesman, Air 
Reduction Sales Co.; (Res.) 2123—108th 
Place, Chicago, Il. 

Bollenbach, Willard M. (B), President & 
Treasurer, Edward E. Johnson, Inc., 
2304 Long Ave., St. Paul, Minn. 


Bollin, Edward F. (C), Welding Foreman, 
Buffalo Foundry & Machinery Co.; 
Res.) 80 Hartwell Rd., Buffalo, N. Y. 

Bollinger, J. G. (C), Asst. Sales Manager, 
Air Reduction Sales Co., Park Ave. & 
Halleck St., Emeryville, Calif. 

Bolte, Frank B. (B), Process Engineer, North 
American Aviation, Inc. Inglewood, Calif. 


Bolton, Chas., Jr. (C), Asst. Welding En- 
gineer, Tampa Shipbuilding Co.; (Res.) 
3618 Roland St., Tampa, Fla. 

Bond, Euclid E. (C), Burner Supervisor, 
Federal Shipbuilding & Drydock Co.; 
(Res.) 60 3rd St., Hoboken, N. J. 

Bond, Frank A. (A), Vice-President, The 
McKay Co., 1005 Liberty Ave., Pitts- 
burgh, Pa. 

Bond, Howard C. (C), Welding, Supervisor, 
U. 8. Naval Gun Factory; (Res.) 2210 
Nicholson St., 8. E., Washington, D. C. 

Bonner, Harold W. (C), Engineer, Victor 
Equipment Co., 844 Folsom St., San 
Francisco, Calif. 


Bonnett, Edward N. (D), Welder, Cincinnati 
Milling Mach. Co.; (Res.) 133 Somerset 
Drive, Parkview Heights, Cincinnati, 
Ohio. 

Bonnette, Lamar L. (F), Student, Ohio State 
Univ., Tower Club, Columbus, Ohio. 


Bontreger, John (C), Production Manager, 
— Holland Mach. Co., New Holland, 
a. 

Boom, W. Birt (B), President & Manager, 
The Boom Boiler & Welding Co., 2514 
Center St., Cleveland, Ohio. 


Booth, Henry (A), Vice-President, Shawini- 
gan Products Corp., Empire State Bldg., 
350 Fifth Avenue, New York, N. Y. 

Booth, Murray C. (D), Elect. Welder, E. B. 
Badger & Sons; (Res.) 337 Grier Ave., 
Elizabeth, N. J. 


Booth, T. H. (C), Asst. Supt., Walworth Co.; 
(Res.) 665 Polo Drive, Clayton, Mo. 


Borchers, Charles Von (B), Supervisor of 
Kellett Autogiro Corp. Schools, Kellett 
Autogiro Corp., 58th St. & Grays Ave., 
Philadeiphia, Pa. 

Borman, John A. (F), 153 W. Sth Ave., 
Columbus, Ohio. 

Born, Arthur C. (C), Engineer, Northern 
Pump Co.; (Res.) 5229—36th Ave., S., 
Minneapolis, Minn. 

Bornschein, John Franklin (B), President, 
International Trades Inst., 741 W. 70th 
St., Chicago, Il. 


Borresen, William Y. (B), Works Manager, 
W. K. Mitchell & Co., Inc., 2940 Ells- 
worth St., Philadelphia, Pa. 

Borst, G. E. (C), District Manager, Chicago 
Bridge & Iron Works, 1700 Walnut St., 
Philadelphia, Pa. 

Borst, William H. (C), 80-17—2l4th 8St., 
Hollis, L. L., N. Y. 

Borton, George W. (C), President & General 
Manager, Pennsylvania Crusher Co., 17th 
Floor, Liberty Trust Bldg., Philadelphia, 
Pa. 

Boruch, Michael (1D), Electric Are-Welder, 
M. W. Kellogg Co.; (Res.) 402 Monroe 
St., Passaic, N. J. 

Bos, John (B), President, Bos-Hatten, Inc.; 
(Res.) 60 Westfield Rd., Eggertsville, 

Boschen, H. C. (B), Service Man, National 
Cylinder Gas Co., 2136—S5th St., North 
Bergen, N. J. 

Boss, Charles (C), Welding Foreman, Chas. 
Pfizer Co., 11 Bartlett St., Brooklyn, N. Y. 

Boss, Carey H. (C), Spec. Office Asst. & 
Secretary to Welding Engineer, New 
York Shipbuilding Corp., Camden, N. J. 

Bosse, Eric M. (C), Manager, Work Order 
Dept., Jos. T. Ryerson & Son, Inc., 5 
Clinton St., St. Louis, Mo. 

Bossingham, R. (1D), Welder, Eli Lilly & Co.; 
(Res.) 1715 Lawrence Ave., Indianapolis, 
Ind. 

Boswell, E. N. (B), Manager, American 
Locomotive Co., Dunkirk, N. Y. 

Boswell, Edmund N., Jr. (C), Welding 
Supervisor, American Locomotive Co., 
Dunkirk, N. Y. 

Botkis, William J. (D), R. D. 58, Box 121, 
Schenectady, N. Y 

Bott, Harry B. (C), Assistant Chief In- 
spector, International Nickel Co.; (Res.) 
1141 Church St., Hillside, N. J. 

Botts, John (C), Welder, Weirton Steel Co.; 
(Res.) R. D. No. 1, Weirton, W. Va. 

Boucher, A. F. (B), District Manager, Lin- 
coln Electric Co., 10228 Woodward Ave., 
Detroit, Mich. 

Bourque, Philip (D), Welder, Richards Bros.; 
(Res.) 19300 Winston, Detroit, Mich. 

Bowen, Dexter, P. (B), Welding Inspector 
& Civil Engineer, % Chicago Bridge & 
Iron Co., 1305 W. 105th St., Chicago, Il. 

Bowen, W. B. (C), Welding Foreman, The 
Ingalls Shipbuilding Corp., P. O. Box 149, 
Pascagoula, Miss. 

Bower, Harold S. (D), Tool & Die Welder, 
Chrysler Corp., Desoto Div.; (Res.) 
34572 Sims, Wayne, Mich. 

Bowers, F. M. (A), Manager, The Fibre- 
Metal Products Co., 5th & Tilghman Sts., 
Chester, Pa. 

Boyd, Douglas E. (B), Engineer, Jos. T. 
Ryerson & Son, Inc.: (Res.) 645 St. 
Marks Ave., Westfield, N. J. 

Boyd, Henry I. (D), Chief Welder, National 
Advisory Committee for Aeronautics, 
Langley Field, Va.; (Res.) 304 Polen St., 
Hilton Village, Va. 

Boyd, Wilfred R. (B), Proprietor, Boyd 
Welding Co., 160 E. 8th St., Erie, Pa. 

Boyer, Albert T. (C), General Superin- 
tendent, Power Piping Div. of Blaw-Knox 
Co., 829 Beaver Ave., N. 8., Pittsburgh, 
Pa. 

Boyes, Stanley (C), Arc Welding Operator, 
Dominion Rubber Co.; (Res.) P. O. Box 
43, 190 Park St., Kitchener, Ont., Canada. 

Boyington, Kenneth A. (DD), Welder, Todd 
Bath Iron Shipbuilding; (Res.) 77 Bonny 
Bank Rd., South Portland, Me. 

Boyle, Wm. R. (D), 458—5th St., Green- 
port, N. Y 

Boyll, F. W. (C), Welding Foreman, South- 
ern Alkali Corp.; (Res.) P. O. Box 1341, 
Corpus Christi, Tex. 

Bozarth, G. T. (C), Supervisor of Shops, 
Fayette County Board of Education, 

(Res.) 309 8. Broadway Park, Lexington, 

y. 

Brackbill, Elias (DD), Welder, R. D. 1, Gap, 

Pa. 
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Bradbury, Geo. L. (C), General Manager, 
Shober Sales, Inc., Box 1730, Stockton, 
Calif. 

Bradley, Robin B. (C), Sales Engineer, Metal 
& Thermit Corp.; (Res.) 6726 8. Olesby 
Ave., Chicago, Lil. 

Bradshaw, A. (C), Chief Inspector of 
Boilers, % Mechanical Branch, Dept. of 
Public Works, Terrace Blvd., Ediaonton, 
Alberta, Canada. 

Bradshaw, Thomas Edward (C), Chief En- 
gineer, Herbert Morris Crane & Hoist Co., 
P. O. Box 180, Niagara Falls, Canada. 

Brady, Edward J. (B), General Manager, 
Alloy Rods Co., 501 E. Prospect St., 
York, Pa. 

Brady, Frank W. (C), Director, Shop & 
Foundry Practice, International Corre- 
spondence Schools; (Res.) 1001 Wyoming 
Ave., Scranton, Pa. 

Brady, Henry P. (1D), Welder, N. Y. Navy 
Yard; (Res.) 130-35—146th St., South 
Ozone Park, L. 1., N. Y. 

Braithwaite, Alexander (C), Foreman, Weld- 
ing Dept., Norton Co., 1 Weelahka Place, 
Worcester, Mass. 

Braithwaite, R. G. (B), Welding Engineer, 
Braithwaite & Co., Engrs., Crown Bridge 
Works, West Bromwich, Staffordshire, 
England. 

Bramlett, James (CC), Welding Instructor, 
Detroit Board of Education; (Res.) 52 E. 
Willis St., Detroit, Mich 

Brams, Stanley H. (C), Editor, The lron Age; 
(Res 7301 Woodward Ave., Detroit, 
Mich. 

Brand, E. A. (C), Buffalo Niagara & Eastern 
Power Co., Electric Bldg., Buffalo, N. Y 
Brandt, Elmer (B), Supt., Hevi-Duty Elec- 
tric Co., 4214 W. Highland Blvd., Mil- 

waukee, Wis. 

Brandt, H. L. (C), Welder, Freeport Sulphur 
Co.; (Res.) Box,667, Port Sulphur, La 
Brannaka, Tom (€), Owner, Brannaka 
Welding Co., 16 Locust St., Williamsport, 

Pa. 

Brass, Eugene W. (B), Works Manager, 
Buffalo Tank Corp.; (Res.) 815 Steele 
Ave., Plainfield, N. J. 

Brattain, Raymond F. (DPD), Welder, Delco 
Remy Div. of General Motors (Res.) 
223 Ringwood Way, Anderson, Ind. 


Braun, Ben N. (C€), Treasurer, Midland 
Structural Steel Co.; (Res.) 1300 8. 54th 
Ave., Cicero, Ill. 


Braun, E. W. (B), Salesman, The Linde Air 
Products Co., 1001 8. 22nd St., Birming- 
ham, Ala. 


Brauss, Norman ((), Welding Instructor, 
Natl Youth Administration School; 
(Res.) 8S411A Newby St., St. Louis, Mo. 


Brayton, Roger W. (B), Instructor, Haver- 
hill Trade School; (Res 17 Maple, 
Braintree, Mass. 


Breckheimer, Ted M. (1D), Welder, Flour 
City Welding Co.; (Res.) 2734 Grand 
Ave., Minneapolis, Minn. 


Breese, Clayton D. (C President, The 
Breese Bros. Co., 2347 Reading Rd., 
Cincinnati, Ohio. 


Brehm, Elmer (C), Welder, Optenberg Iron 
Works; (Res.) 1722 Garden Court, She- 
boygan, Wis. 


Brekelbaum, Erwin C. (B), Welding Superin- 
tendent, Harnischfeger Corp.; Res.) 
1100 W. River Park Lane, Milwaukee, 
Wis. 


Brendle, Russell W. (B), Welding Engineer, 
Tampa Shipbuilding Co., Inc., Tampa, 
Fla 

Brennan, Patrick J. (D), Welding Operator, 
American Chicle Co., 3030 Thomson Ave., 
Long Island City, N. Y. 


Brenegan, Reginald W. (C), Assistant Dis- 
trict Sales Manager, National Cylinder 
Gas Co., 2136—S5th St., North Bergen, 
N 

Brenner, Sebastian K. A. (C), Supervisor, 
Acetylene Welding Cutting, Philadelphia 
Navy Yard Res.) 1616 Wingohocking 
St., Philadelphia Pa 
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Bressler, Edward C. (D), Outfitting Fore- 
man (Machinery), Seattle Tacoma Ship- 
vards. Rt. 6, P. O. 143¢1, Tacoma, Wash. 

Bretherton, R. (1D), Welding Operator, Bell 
Aircraft Corp., 2050 Elmwood, Buffalo, 

Brett, George S. (C), Sales Manager, A. M. 
Castle & Co., 202 Yeslerway, Seattle, 
Wash. 

Bretto, Sam (1D), Maintenance Welder, 
Sanderson & Porter; (Res.) R.F.D. 1, 
First St., Coal City, Ill. 

Brewer, W. D. (C), Chief Engineer, O. G. 
& E. Co., 5125 Bellisle Ave., Oklahoma 
City, Okla. 

Brewster, M. W. (B), Welding Supervisor, 
Westinghouse Elec. & Mfg. Co., Phila- 
delphia, Pa.; (Res.) 7245 N. 2lst St., 
Philadelphia, Pa. 

Brickley, Earl M. (C), Welding Gang Leader, 
American Locomotive Co., 95 N. Allen 
St., Albany, N. Y. 

Briggs, Clay (C), Chief Engineer, Cities 
Service Oil Co., Bartlesville, Okla. 

Brill, Philip B. (B), Vice-President & Gen- 
eral Manager, Tampa Shipbuilding Co., 
Tampa, Fla. 


Brink, Harrison S. (B), Welding Supervisor, 


Western Pipe & Steel Co.; (Res.) 1304 
Jenevien Ave., San Bruno, Calif, 

Britt, Oscar L. (C), Mech. Engineer, Na- 
tional Bureau of Standards; (Res.) 
6209—30th St., N. W., Washington, D. C. 

Britten, Clarence R. (B), Secretary, Monroe 
Caleulating Machine Co.; (Res.) 555 
Mitchell St., Orange, N. J 

Broadhurst, Chas. T. (C), Structural De- 
signer, Gibbs & Hill; (Res.) P. O. Box 
64, Wortendyke, N. J. 

Brock, Nick (D), Operator, Electro-Motive 
Co.: (Res.) 5543 S. Neenah Ave., Chi- 
cago, Ill. 

Brock, Preston J. (C), Electronic Welder 
Technician, Murray Corp. of America; 
(Res.) 3000 Northwestern Ave., Detroit, 
Mich. 

Brocklebank, P. T. (B), Vice-President, 
J. P. Devine Mfg. Co., Mt. Vernon, IIL. 
Brockson, John, Jr. (C), Welder, Brokol 
Mfg. Co., Ine., 94 Madison St., Newark, 
Brodie, William M. (C), Welder Represen- 
tative, Group Leader, Murray Corp.; 

(Res.) 6687 Weddel, Dearborn, Mich. 

Brooker, Edgar (C), Metallurgist, Army 
Ordnance, Union Guardian Bldg., Detroit, 
Mich 

Brooking, Walter J. (B), Director of Test- 
ing & Research, R. G. Le Tourneau, Inc., 
Peoria, Il. 

Brooks, William B. (B), Metallurgist, 
Cramp Shipbuilding Co., Richmond & 
Norris Sts., Philadelphia, Pa. 

Brooks, William C. (B), Chief Engineer, 
Niagara Alkali Co.; (Res.) 2913 Lewiston 
Rd., Niagara Falls, N. Y. 

Brookshire, H. (D), Electric Welder, 


gg rydock Co.; (Res.) 91—2nd 
.. Brooklyn, N. Y. 


Bec Charles M. (C), Senior Inspector 
of Ship Construction (Welding), Navy 
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cisco, Calif. 


Brown, Fred E. (C), Welding Foreman, 
Bailey Meter Co.; (Res.) 7612 Avondale 
Ave., Garfield Heights, Cleveland, Ohio. 
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Brown, James S. (B), Sales Engineer, 
Hollup Corp. Ltd.; (Res.) 77 Bicknell 
Ave., York, Toronto, Canada. 
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St., N. E., Washington, D. C. 
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Butler, A. G. (C), Engineer, American Pipe 
& Construction Co.; (Res.) 627 Menlo, 
Hawthorne, Calif. 
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Campbell, Alvin R. (B), Shop Owner, Alvin 
R. Campbell Co., Front & Jackson St., 
San Francisco, Calif. 
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N. 
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Cannon, Walter B. (C), Supt. of Equipment, 
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Canty, Timothy A. ( 
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vo. 724, Elyria, Ohio. 
Carl, Norman (C), 
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Cartmell, H. W. (D), Welder, American 

Rolling Mill Co.; (Res.) 725 Bellefonte 

Rd., Ashland, Ky. 
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Engineers, War Dept., U. 8S. Engineers 
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Cast, Don T. (B), Factory Representative, 
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Francisco, Calif. 

Caswell, Alexis (C), Secretary & Business 
Manager, Manufacturers’ Association of 
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Bidg., Minneapolis, Minn. 

Catlett, James T. (B), Major C.A.C., U. 8. 
Armed Forces; (Res.) 17 Cornelius Ave., 
Schenectady, N. Y 

Cattanach, Robert L. (B), Welding Foreman, 
American Laundry Machinery Co., 110 
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Cavallero, J. T. (B), Design Engineer, Oliver 
United Filters, Inc., 2900 Glascock St 
Oakland, Calif. 
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Charon, Fred A. (D), Welder, American 
Locomotive Co.; _(Res.) 25 Center St., 
Ballston Spa, N. Y. 

Charvat, Jos. J. (C), Welding Foreman, 
Steel Warehousing C orp; (Res) 5145 8. 
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Chatfield, Howard (B), Supervising En- 
gineer, Fidelity & Casualty Company of 
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214 N. W. 7th St., Oklahoma City, Okla. 

Chavanne, William E. (C), Welder, Green- 
point Basin & Const. Co.; 97 Liberty 
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2821 Fulton St., Berkeley, Calif. 

Cheetham, Fred G. (C), Boiler Inspector, 
Travelers Indemnity Co., 800 L. A. Bank 
Bidg., Rochester, N. Y. 

Cheney, W. B. (C), Industrial Heating 
Engineer, Southern Calif. Edison Co., 
Box 351, Los Angeles, Calif. 

Chester, D. (C), Foreman, Petroleum Iron 
Works Div. of Penna. Shipyards; (Res.) 
P. O. Box 92, Nederland, Tex. 

Chiapone, D. J. (D), Welder, Allan Iron & 
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Chiavaro, Paul (D), Welder, 6019—79th St., 
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Chief Sestacen, (B), Hilo Sugar Co., P. O. 
Box 577, Hilo, T. H. 
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Chisholm, V. H. (B), General & Mainte- 
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Chotkowski, Z. F. (DD), Burner, American 
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Schenectady, N. Y 
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Christensen, Hans (B), Naval Architect, 
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Christensen, L. H. (B), Vice-President & 
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Baltimore, Md. 
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Christenson, Nils Harry (B), Welding En- 
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Sycamore St., Cincinnati, Ohio. 

Christianson, C. Raymond (B), General 
Supt., Leathem D. Smith Shipbuilding 
Co., Sturgeon Bay, Wis. 

Christmas, Alan R. (C), Sales & Service 
Engineer, Rudel Machinery Co., 614 St. 
James St., W., Montreal, Canada. 

Christopher, Edward R. (D), Welder, Con- 
solidated Shipbuilding Corp.;  (Res.) 
469—11th St., Brooklyn, N. Y. 

Christopher, H. E. (B), Production Engineer, 
George C. Christopher & Son; (Res.) 
1220 Blaine St., Wichita, Kan. 

Christy, Robert E. (B), President, United 
Engineering Co., 298 Steuart St., San 
Francisco, Calif. 

Churchill, W. B. (C), Salesman, National 
Cylinder Gas Co., 2136—85th St., North 
Bergen, N. J. 

Churchill, William W. (C), Sales Engineer, 
General Electric Co., 1 River Rd., Sche- 
nectady, N. Y. 

Churchward, Jack (B), Churchward En- 
gineering Co., 33 Sperry St., New Haven, 
Conn. 

Chyczewski, E. B. (C), Welder, American 
Bridge Co.; (Res.) 624 Beaver Rd., 
Ambridge, Pa. 


Chyle, John J. (C), Director Welding Re- 
search, A. O. Smith Co.; (Res.) 2504 N. 
Slst St., Milwaukee, W is. 

Cipperly, Elmer J. (C), Welding Specialist, 
General Electric Co., 2830 Terminal 
Annex, Los Angeles, Calif. 

Clark, Donald S. (B), Asst. Prof. of Mech. 
Eng., Calif. Inst. of Tech., 1201 E. Calif. 

St., Pasadena, Calif 

Clark, John L. (C), Boiler Shop Foreman, 
John Crowley Boiler Works, 713 Adrian 
Ave., Jackson, Mich. 

Clark, L. W. (C), Electrical Asst., The 
Detroit Edison Co., 2000 Second Ave., 
Detroit, Mich. 

Clark, Le Roy W. (C), Professor of Me- 
chanics, Rensselaer Polytechnic Inst., Troy, 

Clark, Raymond L. (D), Welder, Frank 
Heaters, Inc.; ~) 215 Bloomfield Ave., 
Bloomfield, N. 

Clark, R. W. (B), ai lding Engineer, Ge neral 
Electric Co., Works Lab., Bldg. No. 7, 
Schenectady, N. Y. 

Clark, Roy (C), Shift Welding Foreman, 
Ford Motor Tank Plant; (Res.) 8239 
Rathbone, Detroit, Mich. 

Clark, Warren S. (C), Welder, Eastman 
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Clayton, Lewis R., (C), Jr. Welding In- 
spector, Western Pipe & Steel Co.; (Res.) 
2306 S. 73rd St., Los Angeles, Calif. 

Clayton, William (B), Chief Engineer, 
Denver Steel & Iron Works Co., P. O. 
Box 1197, Denver, Colo. 

Cleaver, H. Paul (B), Works Manager, The 
J. G. Brill Co., 62nd & Woodland Ave., 
Philadelphia, Pa. 


Clements, David A. (C), District Manager, 
Natl. Electric Welding Machine Co.: 
(Res.) Box 16, St. Louis, Mo. 

Clements, George W. (C), Welding En- 
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Clements, MacMillan (B), Engineer, United 
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Clotfelter, R. A. (C), General Foreman, 
Western Pipe & Steel Co., 5717 Santa Fe 
Ave., Los Angeles, Calif. 
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Cloues, Richard W. (1), Designing En- 
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Wayne, Ind. 

Clowe, Wayne (1D), Welder, Puget Sound 
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Seattle, Wash, 

Coates, C. E. (C), Engineer, Taylor-Winfieid 
Corp.; (Res.) P. O. Box 1003, Warren, 
Ohio. 

Coates, Frank (B), Director of Production, 
Fisher Body Div of General Motors; 
(Res.) 17574 Monica Ave., Detroit, Mich. 
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St., Buffalo, N. Y. 
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Bronx, N. Y. 

Cocco, Thomas R. (©), Welder, Belmont 
Iron Works; (Res 1933 8S. 13th St., 
Philadelphia, Pa. 

Cochran, Harry W. (1D), Welder, James 
Leffler Co.; (Res.) 539 Linwood Ave., 
Springfield, Ohio. 

Cochran, W. H. (C), Engineer, General 
Electric Co., East Lake Rd., Erie, Pa. 

Cochrane, A. G. (C), Supt., Welding Dept., 
General Electric Co.; (Res.) 106 Snowden 
Ave., Schenectady, N. Y. 

Cockrell, Clifford M. (B), Designing En- 
gineer, Freeport Sulphur Co., Port Sul- 
phur, La. 

Cody, H. F. (C), Supervisor, Panama Canal; 
(Res.) Box 277, Balboa, Canal Zone 

Coen, Martin (B), Instructor, Mass. Dept. 
of Edueation; (Res.) 24 Lake St., Cam- 
bridge, Mass. 

Coffee, Tex (DD), Welder, Marine Welding & 
Supply Co.; (Res.) 2339 Peralta, Oak- 
land, Calif. 

Coffin, B. R. (B), Welding Supe rvisor 
De Sota-Warren, Chrysler Corp., De troit, 
Mich. 

Cogan, Howard C. (B), Chief Engineer, 
National Electric Welding Mach. Co., 
Bay City, Mich. 

Cogan, L. J. (C), Salesman, Lincoln Electric 
Co.; (Res.) 1938 Elston Ave., Phila- 
delphia, Pa. 

Copten, Sherman F. (B), Mech. Engineer, 

M. Montgomery & Co., 306 W. 3rd St., 
Angeles, Calif. 

Cohen, Harold J. (C), Industrial Engineer; 
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Cohen, Sydney (D), Draftsman, Inter- 
national Machinery Co., 73 Robert St., 
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Cohn, Sam, Jr. (B), Asst. Sales Manager, 
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San Francisco, Calif 

Colaluca, Anthony H. (1D), Welder, Ameri- 
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Troy, N. Y 

Colbert, James E. (©), Hawaiian Gas Prod- 
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La. 
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Cole, Everett H. (D), Welder, Western Pipe Conti, Salvatore (1D), Electric Welder, Ameri- Coster, Charles H. E. (C), Instructo,- 


& Steel Co.; (Res.) 1808 Octavia St., San can Locomotive Co.; (Res.) 1978 Foster Worcester Boy's Trade School; (Res 
Francisco, Calif. Ave., Schenectady, N. Y 48 Houghton St., Worcester, Mass. 

Cole, Harry (C), Structural Engineer; Conway, Frank (C), Engineer, General Costerouse, Alphonse (D), Welder Quarter. 
(Res.) P. O. Box 735, Diablo Heights, Electric Co., Aero. & Marine Engineering man, Moore Dry Dock Co.; (Res.) 156 
Canal Zone. Dept., Rm. 301, Bldg. 24, Schenectady, Maddux Ave., San Francisco, Calif. 

Cole, Herschel R. (C), Service Engineer, N. Y. 


: Cotman, Carl A. (B), Supervisor, Gene) 
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Coleman, John R. (D), Welding Foreman, Gladys Ave., Cleveland, Ohio. Cotton, Chas. G. (C), Aast. Boiler In. 
Western Pipe & Steel Co.; (Res.) 718 8. Cook, F. Bill (D), Welder, Republic Steel spector, U.S. Navy Dept., 5-21 Jessamine 
Union Ave, Los Angeles, Calif. Co.; (Res.) R. D. ms a Ohio. Ave., W. Collingswood, N. J. 

Collari, Gerard (D), Welder, Technical Cook, Frederick S. , Pacific Coast Man- Cottrell, W. P. (C), Manutacturer of Mining 
Devices Corp.; (Res.) 158 Lanza Ave., ager, Robt. W. Haat Co., 251 Kearny Mac shinery, Cottrell Engineering (Co 
Garfield, N. a. St. ’ San Francisco, Calif. 322 8S. Ave. 17, Los Angeles, Calif. 

Collis, Walter (C), Champion Rivet Co., Cook, John A. (C), Welder, Cincinnati Gas Ceuch, Alton R. J. (B), Welding Foreman 
E. 108th & Harvard Ave., Cleveland, Ohio. & Elec. Co.; (Res.) 6804 River Rd. Bethlehem Steel Co., 80 Border St., East 

Collison, Thomas A. (B), Chief Mechanical Cincinnati, Ohio. Boston, Mass. 

Engineer, Mt. Vernon Car Mfg. Co., Mt. Cook, Ray (C), Proprietor, Western Welders; Couch, Arthur C. (C), Instructor, General 
Vernon, IIl. (Res.) 483—25th St., Oakland, Calif. Electric Co., Main Road, Richmond 

Colon, Justino (D), 3610 Broadway, New Cook, R. L. E. (B), Welding Engineer, Wain- . Mass. 

York, N. Y wright Yard, Panama City, Fla. Couch, William O. (C), Supervisor, Applied 

Colon, Ralph (D), Welder, American Chicle Cook, W. Harry (C), Sales Engineer, West- Engineering Dept., Air Reduction Sales 
Co.; (Res.) 115 W. 102nd St., New York, inghouse Electric & Mfg. Co., 438 Ohio Co., P. O. Box 1147, Charlotte, N.C. 
mB Edison Bidg., Youngstown, Ohio. Coulter, N. H. (C), Foreman, Western Pipe 

Coltson, Stanle . (C), Designer, Ford Cooke, Archie M. (C), U. 8S. Navy, Lieu- & Steel Co.; (Res.) 2649 Jackson St., 
Motor Co. Then 380 W. Webster Ave., tenant (jg), Resident Inspector of Naval Long Beach, Calif. 

Ferndale, Mich. . . Material, Coffeeville, Kan. Coulter, Warren R. (C), Supervisor, En- 

Comandatore, Joseph (D), Leadingman, Coombs, Anthony S. (C), Structural En- gineering Dept., Coulter Copper & Brass 
Burner, Federal Shipbuilding & Drydock gineer, Coolidge, Shepley, Bulfinch & Co., 115 Sumach St., Toronto, Ont 
ni (Res.) 252 Lexington Ave., Jersey Abbott; (Res.) 109 Warren St., West Canada. 

City, N. J. Medford, Mass. Courtemanche, Edward O. (B), Welding 

Comar, Jerome M. (C), Vice-President in Cooper, Charles W. (D), Welder, 1407 Engineer, Briggs Mfg. Co.; (Res.) 26622 
charge of Production, Maremont Auto- Milton Ave., Alhambra, Calif. Rosewood, Roseville, Mich. 
motive Prod., Inc., 1625 8S. Ashland Ave., Cooper, Gerald A. (C), Welder, Rock Island Courtright, L. H. (B), Shop Foreman, Reed 
Chicago, Ill. Arsenal; (Res.) 2512 Harrison St., Daven- Roller Bit Co.; (Res.) 1438 Munger St 

Comer, Volney M. (D), Welder, California port, lowa. Houston, Tex. 


Shipbuilding Corp.; (Res.) Box 291, Cooper, J. H. (C), 


Welding Engineer, Courtright, W. K. (D), Welding Job, Fore- 
Tustin, Calif. 


Taylor-Winfield Corp., Warren, Ohio. man, Deleo Products Corp.; (Res.) 2127 
Comfort, C. E. (B), Supt., St. Paul Strue- Cooper, James M. (C), 1417—6th St., Bay Marker Ave., Dayton, Ohio. 
Steel Co., 162 York Ave., St. Paul, City, Mich. Cee, ®), g. D 
Minn. : , ousins & Sons Boiler orks, Inc., 667 
Cooper, James R. (B), Su f Weld- 
Comisso, Francis T. (D), Welder, Wm. J. a ¥en Products ‘Co., 12817 Bentler, Tift St., Buffalo, N. Y. 5 
Meyer Co., Inc.; (Res.) 10 High 8t., Detroit, Mich. Coveney, James (C), Draftsman, The 
Pittsford, N. Y. Cooper, R. James (D), Welder, New York Sa ores & Mfg. Co., 24 Water 
Commins, E. A. (B), Stuart Oxygen Co., Shipbuilding Corp.; (Res.) 40 N. 30th = ; 
Balfour Bldg., San Francisco, Calif. St., Camden, N. J. Cowell, Percy B. (C), Salesman, Air Re- 
Comstock, Clyde C. (C), Instructor, Burn- Cooper, Sidney B. (B), Welding Supervisor, pong pewe i (Res.) 95 Sycamore 
ham High Vocational; (Res.) R. R. 1, Gerstein & Cooper Co., 1 W. 3rd St., ee ‘ 
Holt & Mitchaw Rds., Sylvania, South Boston, Mass. (D), ‘pe 
American Locomotive Co.; es.) 
Cooper, Tunis (D), Weld Federal Shi - .. 
Concar, John R. (C), Welding Foreman, The Pad: (Res.) 560 ' Highland Aue. Clifton, Westlake Ave., Auburn, N. Y. 
Dracco Corp.; (Res.) 1811 E, 33rd St., N. J. Cox, Charles N. (C), Welder, 1627 Humboldt 
(C), Engi Tay! Cope, Ralph L. ©); Asst. Professor Cc Supt.. S-M-S C 
nklin, Leroy R. (C), Engineer, Taylor- ‘nginee _N. C. State College, Raleigh, ox, James C. , Supt., S-M-S Corp 
Winfield Corp.; (Res.) 108 Milton Bivd., : ” ee 1165 Harper Ave., Detroit, Mich. 
Newton Falls, Ohio. Copeland, H. Stewart (C), Instructor, Cox, Leslie R. (C), Maintenance Engineer 
Conley, Geo. D. (D), Oklahoma Gas & National Defense Training School; (Res.) Remington Arms Co.; (Res.) 823 W 
Electric ¢ o., 5125 Belle Isle Ave., Okla- Route 3, Box 198, Greeley, Colo. Maple St., Independence, Mo. 
homa City, Okla. : Copeland, Wm. H. (C), Asst. to Welding Cox, Thomas E. (D), Box 456, Claremore 
Conley, Walter (D), Welder, Bell Aircraft Engineer, Tampa Shipbuilding Co., Okla. 
Corp.;. (Res.) 414 Wabash Ave., Ken- Tampa, Fla. Crace, Gus (ID), Welder, American Rolling 
more, N.Y. Copenhaver, Clyde (C), Engineer, Combus- Mill Co.; (Res.) 2501 Beech St., Ashland 
Conley, William J. (B), Professor, Univer- tion Engineering Co., 1032 Main St., Ky. : 
sity Ss irra River Campus, Roches- Chattanooga, Tenn. Craft, Clark H. (F), Ohio State Univ. 
pr aay Corbett, William H. (D), Welder, 401-53rd (Res.) 95 W. 11th Ave., Columbus, Ohio 
Connell ~~ (B), + re +o. St., West New York, N. J. Craig, Ernest G. (C), Plant Engineer 
New York, N Y Corey, Donald H. (A), Welding Engineer, Iron Fittings Co., Branford 
The Detroit Edison Co., 2000—2nd Ave., — 
iP. Detroit, Mich. Craig, J. B. (A), Vice-President, Titan Meta! 
Mich Corma, Edward (D), Welder, General Co., Fu. 
: . . ; Electric Co., 2301 E. Albert St., Phila- Craig, James M. (B), Shop Inspector, Ocean 
Connor, Morbent P. (C), Power Mainten- delphia, Pa. Accident & Guarantee Corp. Ltd., % 
Cone, BJ. (C), Welder, Freeport Sulphur Black, Silla & Birywoa, Inc., 
i =. S visor 
Welder, Eaton’ & "Smith Cornell, William C. (C), Weiding Quarter- ‘City Structural Stecl Con (Res 
(Res.) Box 48. South San Francisco. man, Brooklyn Navy Yard; (Res.) 319 R. R. 1. Overland Park, Kan. E 
Calif. College Ave., Port Richmond, Crampton, Donald K. (C), Direct 
(C), Director of Re- 
Conrad, Frank A. (B), Supt., Puget Sound Cornwell, Rector (D), Welder, Western search. Chase Brass & Copper Co., Water- 
Sheet Metal Works, 3631 E. Marginal ee (Res.) 123 N. Beech St., bury, Conn. 
Way, Seattle, Wash. Crane, V. B. (B), Owner, Crane Welding 
Constantinople, Jack (D), Welder, 388—15th Comp. i (C), 2285 Glynn Court, Supply Co., 918 Post Ave., Corpus 
Ave., Newark, N. J 


Christi, Tex. 
Constanz, H. E. (B). District Manager, Corp, Mrs. Paul M. (C), 2285 Glynn Court, Crapo, Fred M. (C), Vice-President & Genera! 
Midwest Piping & Supply Co., 72 New Detroit, Mich. Manager, Indiana Steel & Wire Co., 


Montgomery St., Rm. 426, San Fran- Coslett, Charles V. (C), General Welding, Muncie, Ind. 

cisco, Calif. 39 Croyden Rd., Rochester, N. Y. Crase, George H. (C), General Sales Man- 
Conte, Charles A. (C), Welder, W. K. Costello, Charles J. (C), Welder Quarter- ager, Horton Steel Works Ltd., Room 

Mitchell & Co.; (Res.) 1446 Montana man, Cramp Shipbuilding Co.; (Res.) 1609, 330 Bay St., Toronto, Ont., Canada. 

Ave.. N. E., Washington, D. C. 1212 W. Erie Ave., Philadelphia, Pa Craske, Alfred G. (C), Machinery & Welder 
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Corp.; (Res.) 2148 Ww. 107th Place, 
Chicago, Ill. 

Crawford, A. W. (C), Asst. to Welding En- 
wineer, Reed Roller Bit Co.; (Res.) 2620 
Rosedale, Houston, Tex. 

Crawford, Forrest E. (C), Associate-Principal 
Inspector, U. S. Navy Dept., Office of 
Supervisor of Shipbuilding, Chickasaw, 
Ala. 

Crawford, Howard (C), District Manager, 
\lloy Rods Co., 9800 Belleterre, Detroit, 
Mich. 

Crawford, W. F. (C), President, The Edward 
Valve & Mfg. Co., Inc., 1200 W. 145th 
St.. East Chicago, Ind. 

Crawford, William E. (A), Consulting En- 
gineer, A. O. Smith Corp., Milwaukee, 
Wis. 

Crea, J. L. (C), Chief Welding Engineer, 
Dravo Corp.; (Res.) Dixon St., Midway, 
Pa. 

Crecca, mee D. (C), Lieut. Comdr., U. 8. 
Navy Yard, Boston, Mass. 

Crigger, Harry (B), Sales Dept. Engineer, 
Weldit Acetylene Co., 638 Bagley Ave., 
Detroit, Mich. 

Crigger, John (C), Foreman, Ford Motor 
Co.; (Res.) 4450 Burns Ave., Detroit, 
Mich. 

Crippen, Norris C. (C), 2400 N. King St., 
House 69B, Honolulu, T. H. 

Critchett, James H. (B), Vice-President, 
Union Carbide & Carbon Research Labs., 
Inc., 30 E. 42nd St., New York, N. Y. 

Criteser, Dempsey (C), Welding Foreman, 
Ford Motor Co.; (Res.) 2127 Lawndale 
Ave., Detroit, Mich. 

Crittenden, Percy (C), Welding Foreman, 
American Ship Building Co.; (Res.) R. D. 
2, Lorain, Ohio. 

Crocker, Thomas D. (C), Welding Engineer, 
The Lincoln Electric Co.; (Res.) Lake 
Shore Country Club, 11405 Lake Shore 
Bivd., Cleveland, Ohio. 

Croft, Edward L. (D), Welding Foreman, 
Oliver Fillers Co., 2900 Glasscock St., 
Oakland, Calif. 

Crole, Lawrence (D), Welder, Cessna Air- 
craft Co.; (Res.) 331 N. Seneca, Wichita, 
Kan. 

Cronin, Francis J. (D), Elect. Welder, 
General Electric Co.; (Res.) 1646 8. 26th 
St., Philadelphia, Pa. 

Crosett, A. D. (B), 512—5th Ave., New 
York, N. Y. 

Croswell, Franklin M. (D), Operator, 201 
Basset St., Cleves, Ohio. 

Crouch, Robert G. (C), General Manager, 
Wm. M. Orr Co.; (Res.) 581 Crystal 
Drive, Mt. Lebanon, Pittsburgh (16), Pa. 

Crouse, Moyle B. (C), Salesman, New Eng- 
land Gas Products Co.; (Res.) 27 West St., 
Charlestown, Mass. 

Crowe, John J. (B). Asst. Vice-President, 
Air Reduction Sales Co., 181 Pacific Ave., 
Jersey City, N. J. 

Crowell, Tracy (C), Superintendent, Wilcox 
Crittenden & Co., Inc., Middletown, Conn. 

Crowley, J. C. (C), Chief Engineer, The 
fe Mfg. Co., 694 E. 82nd St., Cleveland, 
Ohio. 

Crum, Frank J. (C), Surveyor, American 
Bureau of Shipping, 47 Beaver St., New 
York, N. Y. 

Cryer, Chas. W. (C), Sales Engineer, Mid- 
West Piping & Supply Co., 229 Shell 
Bidg., Houston, Tex. 

Cue, William H. (D), Welder, Atlantic 
Basin Iron Works; (Res.) 108 St. Marks 


Ave., Brooklyn, N 

Culbertson, J. L. (C), Chief Engineer, The 

sane Pipe Line Co., Box 2332, Houston, 
ex. 


— David (C), Hilyard Co., Norristown, 


Cullingworth, Albert L. (D), Welder, Bausch 
& Lomb Optical Co.; (Res.) 10 Norwood 
St., Rochester, N. Y. 


Cumberland, John C. (C), Manager, Arc- 
way Equipment Co.; Lexington Bidg., 
Room 1000. Baltimore, Md. 


Cummings, Raymond L. (C), Asst. Welding 
Foreman, Shell Oil Co., Inc.: (Res.) 277 
Seventh St., Wood River, Ill. 


Cummings, W. E. (C), Secretary, National 
Tank & Mfg. Co., Florence Branch, Box 
4738, Los Angeles, Calif. 

Cunniff, William H., Jr. (D), Welder, Beth- 
lehem Steel Co.; (Res.) 49 Williams St., 
E. Braintree, Mass 

Cunningham, John F., Jr. (B), Welding 
Engineer, Lincoln Electric Co , 926 Man- 
chester Blvd., N. S., Pittsburgh, Pa. 

Cunningham, Jos. A. (C), Welding Sales En- 
gineer, Arcway Equipment Co.; (Res.) 266 
W. 3rd St., Moorestown, N. J. 

Cunningham, J. B. (B) Welding Foreman, 
American Rolling Mill Co., Ashland, Ky. 

Cunningham, J. D. (A), Manager, Moore 
Machinery Co., 1699 Van Ness Ave., San 
Francisco, Calif. 

Cunningham, R. H. (B), Welding Supervisor, 
Newport News Shipbuilding & Drydock 
Co., Newport News, Va. 

Cuny, H. J. (C), General Foreman, Com- 
monwealth Edison Co., 2233 8. Throop 
St., Chicago, Il. 

Cuonzo, Geo. E. (C), Welder, Common- 
wealth-Edison Co., 2946 N. Nordica Ave., 
Chicago, Ill. 

Curcio, Salvan S. (D), Welder, American 
Locomotive Co.: (Res.) 906 Adam St., 
Schenectady, N. Y. 

Curlie, Charlie (D), Welder, Ford Motor 
Co.: (Res.) 4154 Mayfair St., Dearborn, 
Mich. 

Curran, James J. (C), Chief Metallurgist, 
Walworth Co., Greensburg, Pa. 

Curran, Joseph L. (C), Surveyor, American 
Bureau of Shipping; (Res.) 23 Jackson 
St., Saugus, Mass. 

Currie, John W. (C), Asst. Trick Foreman, 
Eastman Kodak Co.: (Res.) 77 Dalston 
Rd., Rochester, N. Y. 

Curry, Don H. (D), Welding Inspector, 
Chicago Bridge & Iron Co.; (Res.) Apt. 
2, 1420 N. 32nd St., Birmingbam, Ala. 

Curry, Francis (ID), 118-38—193rd St., St. 
Albans, L. I., N. Y. 

Curry, Fred J. (C), Instructor, American 
Aeronautical Inst.; (Res.) 2202 Agnes 
St., Kansas City, Mo. . 

Curry, R. A. (B), Contract Engineer, Armco 
International Corp.; (Res.) 2202 Arling- 
ton Ave., Middletown, Ohio. 

Curtin, G. Rex (D), Welder, Humble Oil & 
Refining Co.; (Res.) 118'/, Ohio, Bay- 
town, Tex. 

Curtis, Sydney F. (B), Instructor, Bok Vo- 
cational School; (Res.) 145-24—156th 
St., Jamaica, N. Y. 

Curtis, William F. (C), Shop Supt.; (Res.) 
305 W. Main St., Salinas, Calif. 

Curtiss, Joseph C. (C), Welder & Burner, 
Mather Spring Co.; (Res.) 1924 Berk- 
shire Place, Toledo, Ohio. 

Cushman, James F. (D), Gas Cutter & 
Burner, Bethlehem Steel Co.; (Res.) 182 
Glendale Rd., Quincy, Mass. 

Cutler, Ralph W. (C),. Engineer, Western 
Pipe & Steel Co. of Calif.; (Res.) 1812 8. 
Raymond Ave., Alhambra, Calif. 

Cyr, Nathan D. (D), Welder, Todd Bath 
Iron Shipbuilding Corp.; (Res.) 117 
Winter St., Portland, Me. 

Cyrus, John H. (C), Spot Welding Dept., 
Curtis-Wright Corp.; (Res.) 2762 Me- 
Causland, St. Louis, Mo. 


D 


Dadd, George E. (C), Draftsman, American 
Shipbuilding Co., 1410 Terminal Tower, 
Cleveland, Ohio. 

Dahl, J. (C), Shop Foreman, Wyatt Metal 
& Boiler Works, P. O. Box 3052, Houston, 
Tex. 

Dahle, F. B. (B), Resident Metallurgist, 
Battelle Memorial Inst.; (Res.) 505 
King Ave. Columbus, Ohio. 

Dahigren, R. F. (B), Plant Supt. Lumsden 
& Van Stone Co., 426 E. First St., South 
Boston, Mass. 
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Dailey, Donald L. (C), Maintenance Welder, 
Meyers Construction Co.; (Res.) R. D. 1, 
Butler, Pa. 

Dalcher, John T. (B), Consulting Engineer, 
33 Rector St., New York, N. Y 

Dalcher, L. M. (B), Technical Secretary, 
American Welding Society, 33 West 39th 
St., New York, N. Y. 

Dale, John (C), Welding Shop Foreman, 
Robinson Cole Engineering Co.;: (Res.) 
84 Walnut St., Teaneck, N. J. 

Daley, Harry (PD), Iron Worker Welder, 
Richmond Shipyard No. 1: (Res.) 563 
Oakland Ave., Oakland, Calif. 

Dall, David MacDonald (B), Works Manager, 
Hume Steel S. A. (Pty) Ltd., P. O. Box 
204, Germiston Transvaal, South Africa. 

Daliman, D. E. (C), Asst. Sales Manager, 
Air Reduction Sales Co., 1210 W. 69th St., 
Cleveland, Ohio. 

Daly, William (C), Welder, Philadelphia 
Navy Yard; (Res.) 3436 N. 18th St., 
Philadelphia, Pa. 

Damick, ae (D), Welder, Federal 
Shipbuilding & Drydock Co.; (Res.) 
632 Roosevelt Ave., Carteret, N. J. 

Dand, Raymond (C), Welder, Watertown 
Arsenal; (Res.) 25 Waldun Rd., South 
Braintree, Mass. 

D'Andrea, A. Ralph (B), Owner & Director, 
The Industrial School of Welding, 61 
Broadway, Newburgh, N. Y. 

Daniels, Chas. J. (B), 2120 W. 110th St., 
Chicago, Ill. 

Daniels, Ernest A. (B), General Sales Man- 
ager, Victor Equipment Co., 844 Folsom 
St., San Francisco, Calif. 

Daniels, Franklin W. (F), Student, Rens- 
selaer Polytech. Inst.; (Res.) 1580 Tibbitts 
Ave., Troy, N. Y 

Daniels, Robert M. (C), Sales Engineer, 
Lincoln Electric Co., 1612 Cowart St., 
Chattanooga, Tenn 

Dannenberg, Robért A. (D), Welder, Edward 
G. Budd Mfg. Co.; (Res.) 518 Edgeley 
St., Philadelphia, Pa. 

Danse, L. A. (B), Chief Metallurgist, Cadillac 
Motor Car Div., Detroit, Mich. 

Dantzler, W. M. (C), Shop Foreman, Wyatt 
Metal & Boiler Works; (Res.) 923 N. 
Edgefield, Dallas, Tex. 

Darby, James L. (D), Flame Cutting & 
Steel Melting, Naval Research Lab., 
Washington, D. C. 

Darcey, James F. (C), Supt. of Maintenance 
& Distribution, Capital Transit Co.; (Res.) 
4421 Warren St., N. W., Washington, D.C. 


D'Arcy, Raymond A. (C), Welding Inspector, 
General Electric Co.; (Res.) 12 Harbor 
View Rd., Nahant, Mass 

Daria, Dominic (C), Comb. Gas and Electric 
Welder, Work on Government Construc- 
tion: (Res.) 230 Riverdale Ave., Yonkers, 


Darlington, Donald (D), Sampper Over 
Welders, Federal Shipyard; (Res.) 473 
S. 17th St., Newark, N. J. 

Darmos, Lawrence A. (D), Welder, Toledo 
Shipbuilding Co., Inc.; (Res.) 2227 Wood- 
ford St., Toledo, Ohio 

Da Roga, Francis G. (C), Fisher Body Div.; 
(Res.) 1845 Pilgrim, Ferndale, Mich. 

Darr, Donald A. (C), Supervisor of Welding, 
B.&0.R.R. B.&O. Central Bidg., Rm. 
609, Baltimore, Md. 

Dash, Edward (C), Asst. Welding Engineer, 

J. S. Navy Yard, Welding Engineers’ 
Office, Bldg. 11, U. 8S. Navy Yard, Phila- 
delphia, Pa. 

Daughenbaugh, Cloe J. (C), Welding In- 
structor, Washington High School; (Res 
524 Pike Ave., 8S. W., Massillon, Ohio. 

Daugherty, M. R. (C), 2117—7th Ave., Los 
Angeles, Calif. 

Davenport, Norman E. (1), Welder, Black, 
Sivalls & Bryson Co.; (Res.) 1018 Jackson 
St., Kansas City, Mo. 

Daver, Rutty R. (C), Secretary, Welding 
Industry Equipment, 24 Elphinstone 
Circle, Fort Bombay, India. 
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; oa " Davey, Geo. T. (B), Hudson Motor Car Co.; Dawson, J. R. (B), Research Metallurgist, Deming, G. M. (C), Development Enyineer i 
i sg (Res.) 314 Manistique, Detroit Mich. Union Carbide & Carbon Research Air Reduction Sales Co.; (Res.) 764 £ Dickso 
David, Bernard (C), Secretary, Treasurer & P. O. Box 580, Clarke Place, Orange, N. J. 
Manager, Corpus Christi Oxygen Co., Niagara Pals, nN. Demmer, A. P. (C), Supervisor, Air Redye- 
ot RO P. O. Box 1896, Corpus Christi, Tex. Day, Allen N. (D), A. S—U.S.N.R., Bar- tion Sales Co., 1111 Nicolett Ave., Minne- Dickso 
By. Sas ad David, Ernest Victor (B), Asst. Manager racks 612, See M9-19, Naval Training apolis, Minn. yo 
Applied Engineering Dept., Air Reduction School Group 3, Great De Montigny, Lucien (C), Gas & Electr 
Sales Co.; (Res.) 5 Brooklands, Bronx- Welding Operator, Brampton Pulp « Diebo 
= ee ville, N. Y. Day, Geo. (C), Asst. Shop Supt., The Board- Paper Co.; (Res.) P.O. Box 695, E. Anew. Yell 
es ae David, Wm. J., Jr. (C), Proprietor, De Luxe man Co., Oklahoma City, Okla. Quebec, Canada. Leas 
a Welding Co., 3940 Connors Ave., Detroit, Day, L. A. (B), Foreman, Welding Sheet Dempsey, Bartholomew J. (D), Welding Diel, 
ar Mich. Metal Dept., Buffalo Forge Co., Buffalo, Operator, Are Welding Co.; (Res 0 — 
wg Davidson, E. H. (C), Metallurgical Engineer N.Y. Hill St., Morristown, N. J. = 
ae: (Structural Plate & Stainless Steel), Car- Deacon, A. J. (B), Welding Engineer, Dempsey, John J. (D), Stockman & Welding. Dierch 
“pe negie Illinois Steel Corp., 1456 Frick Bethlehem Steel Co.; (Res.) 609 Arden Student, Chas. W. Krieg Co., 52 Dickerson Yor 
tg Annex, Pittsburgh, Pa. Rd., Pittsburgh (16), Pa. St., Newark, N. J. Dietri 
re Davidson, Perry (PD), Welder, Western Dean, Ernest P. (C), Supervisor of Mfg. Dempsey, Lewis P. (B), Welding Engineer ing, 
coke Pipe & Steel Co.; (Res.) 3110 Roosevelt Processes, Vultee Aircraft Ine., Vultee American Metal Product Co.: (Res E 
pea Ave., Richmond, Calif. Field Division ; (Res.) 2201 Howard St., 15751 Bentler Ave., Detroit, Mich. Dietri 
a Davies, Albert (B), President, Eric Welding Whittier, Calif. Dempsey, Raymond J. (©), Welding In- a 
ae’ Co., Burlington, N. J. De Angelo, Francis (D), Electric Welder, spector, United Engineers & Const., bo 
4 ve Davies, Bernard L. (B), Welding and Control American Locomotive Co.; (Res.) 555 Inc.; (Res.) 46 Exton Ave., North Arting- Dietz 
“eG Engineer, National Electric Welding Ma- Florence St., Schenectady, N. Y. ton, N. J. hou 
Cr chines Co.; (Res.) 2109 Fifth Ave., Bay Deas, R. R., Jr. (C), Asst. to Vice-President, Dennhardt, Chester P. (B), Shop Foreman, * | 
fe “uh City, Mich. American Cast Iron Pipe Co., Birmingham, National Tank & Mfg. Co., P. O. Box Di Gi 
a Davies, Geo. H. (C), Welding Supt., Cali- Ala. 4738, Florence Branch, Los Angeles, gis 
es ae, fornia Shipbuilding Corp.; (Res.) 10018 Debes, Erland D. (B), Welding Engineer, Calif. De 
. a ere. St. Andrews Place, Los Angeles, Calif. Bethlehem Steel Co., Fore River Yard, Dennis, E. Allen (C), Welder, Ferro Con- Diku! 
aoc Davies, Robert U. (D), Welder, Los Angeles Quincy, Mass. struction Co.; (Res.) 745 Sedam St., y 
Loar Shipbuilding & Drydock Co.; (Res.) De Bruin, H. W. (A), Vice-President in Cincinnati, Ohio. N 
a 828 W. 23rd St., San Pedro, Calif. charge of Mfg., The Jefferey Mfg. Co., Dennis, Gene R. (F), Student, Oklahoma Dill, 
mee oS Davis, Alton F. (B), Vice-President, The Columbus, Ohio. A & M.; (Res.) Box 224, Cherokee, Okla - 
hp Lincoln Electric Co., P. O. Box 5758, De Camp, Ray E. (B), Chief Mech. Engineer, Denton, Frank M. (C), Supt. Welding Div., basi 
yen Cleveland, Ohio. Consolidated Steel Corp. Ltd., Box 6880, H. K. Ferguson Co.; (Res.) 5013 N Dilla 
eee Davis, Charles H., Jr. (C), Equipment East Los Angeles Sta., Los Angeles, Calif. Stevens, Spokane, Wash. +y 
i as Engineer, E. G. Budd Mfg. Co., 25th & Decker, F. W. (B), Engineer, Niagara Depew, Eugene T. (C), Eastern Manager, oz 
a Hunting Park Ave., Philadelphia, Pa. Alkali Co., Niagara Falls, N. Y. The Welding Engineer, 1834 Broadway, Dille 
Etre Davis, C. E. (B), Vice-President, Allan, De Forest, A. V. (B), Professor M.I.T., New York, N. Y. P. 
7 Wood Steel Co., Arcola, Pa. President, Magnaflux Corp., Massachu- Deppeler, J. H. (A), Chief Engineer & Works 
: Davis, Clifford P. (C), Elect. Welding setts Inst. of Technology, Cambridge, Manager, Metal & Thermit Corp., 120 Dille 
* Supervisor, N. Y. Navy Yard; (Res.) Mass. Broadway, New York, N. Y. D 
Be 2057 Coyle St., Brooklyn, N. Y. De Freitas, P. J. (C), Welding Foreman, Dernbach, Henry (D), Elect. Welder, Todd 
a Davis, E. F. (C), Mfg. Engineer, Westing- Pacific Coast Engineering Co., P. O. Eric Basin Dry Dock; (Res.) 299—Sth = 
sod house Electric & Mfg. Co.: (Res.) 533 Drawer E, Alameda, Calif. St., Brooklyn, N. Y. les 
aoe Duquesne Ave., Trafford, Pa. De Graw, Seneca L. (D), Welder, Harbor Derr, Charles H. (F), 414 N. Market 8t., Dill 
Pas Davis, E. T. (C), Master Mechanic. Indiana Marine Const. Co.; (Res.) 251-73rd St., Londonville, @hio. 7 
“ee «& Michigan Electric Co., P.O. Box 369, Brooklyn, N. Y. De Santo Joseph (C), Asst. Welding En- Na: 
Pree Mishawaka, Ind. De Gray, Wm. G. (C), Foreman, Bell Air- gineer, Pullman Standard Car Mfg. Co.; = 
Aone! Davis, Frank W. (A), Metallurgist, E. B. craft Corp., 2050 Elmwood Ave., Buffalo, (Res.) 12049 Maple St., Blue Island, Il! H 
ee i Badger & Sons Co., 75 Pitts St., Boston, ee De Shazer, Grant A. (C), Mechanical En- - 
ORME Pe Mass. De Haven, C. C. (B), Instructor, Drexel gineer, David M. Taylor Model Basin rr. 
aioe “ts Davis, G. H. (D), Welder, P. O. Box 333, Inst., 32nd & Chestnut Sts., Philadelphia, Bureau of Ships; (Res.) 6209 Vorlich ‘ 
Cocoli, Canal Zone. Pa. Lane, Fairway Hills, Washington, D. C 
ioe 7 Davis, George E. (I), 162 Short Hills Ave., De Haven, W. A. (C), Chief Cost Engineer, Destefanis, Ralph (1), Electric Welder, = 
am Fh e,! Springfield, N. J. Combustion Engineering Co., H. W. W. 519 Coney Island Ave., Brooklyn, N. ¥ C 
ic eee Davis, George L. (C), Supt., Kane Boiler Div., Chattanooga, Tenn. De Stefano, James J. (C), Asst. Welding , 
eT EE: Works, Inc.; (Res.) P. O. Box 546, De Jager, Henry (1), Welding Operator, Foreman, Diebold Safe & Lock Co.; : Dis 
sae Galveston, Tex. Federal Shipbuilding & Drydock Co.; (Res.) 927 Wertz Ave., 8. W., Canton, 4 ; 
ean MK: Davis, James (F), Student, Ohio State (Res.) 249 Valley Rd., Clifton, N. J. Ohio. ; 
. University, Industrial Engineering Bldg., Dekker, G. J. (C), Manager, Detroit Dis- Dettwiler, Walter P. (B), District Manager, ~ 
: Columbus, Ohio. trict, Air Reduction Sales Co., 7991 Hart- Williams «& Co., Inc., 1921 Dunlap 5t., ; ‘ 
# Davis, James B. (B), Prof. Testing Engineer- wick St., Detroit, Mich. Cincinnati, Ohio. Di 
. ing, Tulsa Testing Lab., Box 2654, Tulsa, Delano, H. A. (B), Plants Engineer, Ameri- Deucher, Robert F. (B), c hief Engineer, 
Okla. The Feick Mfg. Co., 10225 Meech Ave., 
can Chain & Cable Co., York, Pa. ‘leveland. Ohi ( 
7 Davis, Julien H. (B), Consultant, Electrical Ibrid Ch Cc). M , Cleveland, Ohio. : 
: Metallurgical Engineering, Dept. of Water Delbridge, ester F. va’ as anager, Air DeVore, Rooney W. (C), Welding Engineer Din 
7 & Power, 315 S. Broadway, Los Angeles, Reduction Sales Co., 122 Mt. Vernon St., R. C. Mahon Co., 1220 N. Alexander, ] 
aS Calif. A Uphams Corner, Boston, Mass. Royal Oak, Mich. ‘ 
3 Davis, Maxwell R. (B), Plant Supt., Hamil- De Leal, R. (©), Welding Supervisor, Curtis —-De Vries, Henry K. (C), Welding Engineer, Di 
“4 ton Bridge Western Ltd., 195 W. First Mfg. Co.; (Res.) 1905 Kienlen St., St. Metal & Thermit Corp.; (Res.) P. 0 
ey Ave., Vancouver, B. C., Canada. Louis, Mo. Box 34, Pleasant Ridge, Cinsinnati, Ohio | 
oe Davis, Norman (C), Field Engineer, The Delhi, L. W. (B), Manager, Western Pipe . ‘ice-Preside i 
Be iene Linde Air Products Co., 1001-13 8. 22nd & Steel Co., 200 Bush St., San Francisco, er Electric Co; (Res.) 2235 Jackson | 
St., Birmingham, Ala. Calif. Bivd., University Heights, Cleveland, 
aarp ate Davis, Roswell F. (D), Are Welding, 715 De Lice, Peter A. (C), Foreman, Eastman Ohio. Di 
oe N. Tioga St., Ithaca, N. Y. Kodak Co.; (Res.) 253 Congress Ave., De Witt, Carl j. (C), Sales Manager, Harris 
oo Davis, Walter E. (C), Welding Engineer, Rochester, N. Y. Calorific Co., 5604 Stone Ave., Cleveland, 
7 Ileco Ordnance Corp.; (Res.) 92 Lincoln De Long, Charles E. (C), Welding Inspector, Ohio. Di 
7 Ave., Bedford, Ind. Lockheed Aireraft Corp.; (Res.) 8439 De Witt, Edward James (B), Vice-President 
. Davis, Will (C), Welding Research, Inter- San Gabriel Ave., South Gate, Calif. in Charge of Engineering & Production, 
Bb! national Harvester Co.; (Res.) 2818 De Lude, Delmer E. (D), Welding Operator, Wallace Supplies Mfg. Co., 1300 Diversey D 
i Jefferson St., Davenport, Iowa. Kansas State Highway Commission; Parkway, Chicago, Ill. 
. Davis, William C. (D), Electric Welder, (Res.) 324 Arch St., Leavenworth, Kan. Dexter, Louis I. (B), Supt., The James H 
. Brooklyn "Navy Yard; (Res.) 1205 Ave. Del Vecchio, E. J. (C), Asst. Sales Manager, Tower Iron Works, 50 Borden St., Provi- D 
a R, Brooklyn, N. Y. Taylor-Winfield Corp., Warren, Ohio. dence, R. I. a 
4 Davis, W. L. (D), Operator, Los Angeles Dembski, Edward (CC), Welding Inspector, Dick, Walter G. (C), Welding Engineer, ; 
<i} Shipbuilding & Drydock Corp.; (Res.) Welder, Pullman-Standard Car Mfg. Co., Odenbach Shipbuilding Corp. ; (Res.) 474 D 
4 313—14th St., Box 56, Seal Beach, Calif. (Res.) 859 N. Leavitt St., Chicago, II. Stonewood Ave., Rochester, N. Y. . 
et Dawson, Alex Y. (C), Welding Foreman, Demeules, Eugene A. (B), Welding Operator, Dickerson, Lynn (B), Owner, Petroleum 
fii Republic Structural Iron Works; (Res.) Standard Iron & Wire Co., 1900 N. E. Equipment Sales Co.; (Res.) P. O. Box D 
7" . 3402 East Blvd., Cleveland, Ohio. 3rd St., Minneapolis, Minn. 407, Houston Tex. 
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Dickson, M. S. (C), General Supt., Struc- 
tural Shop, Dravo Corp.; (Res.) 325 
Meadow Lane, Edgeworth, Sewickley, Pa, 

Dickson, R. H. (B), Vice-President, Hether- 
ington and Berner, Inc., 701 Kentucky 
Ave., Indianapolis, Ind. 

Diebold, John M. (B), Welding Engineer. 
Yellow Truck & Coach Mfg. Co.; (Res.) 
18060 Rutherford, Detroit, Mich. 

Diel, Donald K. (D), Welder, American 
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A smi 


Hana, ‘@teghen 
, 80 Hathaway St., 
Hainer, Linton (C), 


City Line Welding 
Chief Inspector, 
Hartford Steam Boiler Insp. & Ins. Co., 


Dept.., 
Room 410, San Francisco, 


(Res. ) 1621 Overlook Drive, 
Springfield, Ohio. 


Haines, Francis W. (B), 


114 Sansome St., 


Grundish, James P. (C), Instructor of Weld- 
‘alif. Shipbuilding Corp.; 
, Hermosa Beach, € 


President, Wolverine 
2211 Palm Drive 


(D), Haines, George T., Jr. (D), 


Roadway Engineer, New Weldi : 57 
ay elding Shop, P. O. Box 457, Santa Rosa 
Orle:s ans Public Service Inc., } 
La. 


Hakalow, Hazel 
Guirl, H. P. (C) el The Superheater 


, East C hicago, Ind. 
Gunderson, A. E. 


Hakalow, William (B), 
Butt Welding Co., 105 


Bethlehem Steel Co.: 


(Res.) 714 Main St., 
South Weymouth, } 


Gunning, John P. (DPD), Operator, Bethlehem 


Hale, Earl A. (D), », Bend National 


Gunther, John Philip (C), Welder & Burner, 


210 Franklin St., 


(Res.) Box 183. 
John 


Sales Engineer, 


Minneapolis, Minn. 


Gutowshi, Bernard 


29: 28 N. St., 


Overland-Aireraft 


Hall, James A. (B). 
3812 Grantley Rd., 


E ngineer of Plate Con- 


21st & 
Fs anste el Mets allurgic al C orp., 


Gwynne, G. R. (¢ 


Chile Exploration Co., Merchant Div.: 


. Rochelle Park, N. 


South America. 


Hall Welding Corp., 


2468 Madison 
dianapolis, Ind. 


Hall, Richard F. 


‘Paul hief Mechanic val En- 


>), Group Leader Elect. 


& Power Co. Ltd. *s.) 651 Colonial St., 


‘), Works Manager, 
Metal & Boiler 


‘aixa Doc orreio 26-B, 


Haakonsen, Ole 


Hall, Stewart S. 


Haas, Robt. E. , Sales, Lincoln Electric 


; (Res.) P. O. Box tae8, Warren, Ohio. 


Sound Navy Yard; 
(Res.) 67 Langford 


> astman Kodak C o. 


. Hallen Welding 
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Service, Inc., 4524—37th St., Long Island 
City, N. Y. 

Halliburton, Milton R. (C), Sub-Foremay 
Federal Shipbuilding & Drydock (Cy, 
(Res.) 36 W. Shore Rd., Indian 
Denville, N. J. 

Hallum, J. D. (B), Secretary & Treasure, 
Seattle Oxygen Co.. 5510 E. Mar 
Way, Seattle, Wash. 

Halonie, Victor (D), Northern oe | Co 
(Res.) Como Sta., R. 3, St. Paul, Min: 
Halsey, Wm. D. (B), Asst. Chief Engineer. 
Hartford Steam & Boiler I. & I. Co. 
(Res.) 44 Westland Ave., W. Hartford 

Conn. 

Halvorsen, H. (B), Supt., The Boom Boiler 
& Welding Co., 2514 Center St., Cleveland 
Ohio. 

Hamann, George T. (D), Operator, Electric 
Hose & Rubber Co.; (Res.) 1502 Vassar 
St., Houston, Tex. 

Hamby, J. N. (D), Welder, Western Pipe & 
Steel Co.; (Res.) 7508 Outlook Ave 
Oakland, Calif. 

Hamer, T. M. (C), R. W. -—7 Co.; (Res 
18 Vinton St., Long Beach, N. Y. 

Hamill, Thomas E. (C), Metallurgist, 510 
Ashford St., Silver Springs, Md. 

Hamilton, Harold (D), Welding Operato: 
International Harvester Co.; Res 
R.F.D. 6, Berneway Drive, Ft. Wayne 
Ind. 

Hamilton, Samuel L. (B), Mechanical De- 
signer, Drydock Engineers; (Res.) 52 
Clark St., Brooklyn, N. Y 

Hamilton, Thomas P. (C), Engineer, N. Y 
Air Brake Co.; (Res.) 1124 Harrison st 
Watertown, N. Y 

Hammett, Fred (B), Salesman, Frick-Reid 
Supply Corp., Drawer 2481, Tulsa, Okla 

Hammett, Harry R. (B), Branch Manage: 
Western Pipe & Steel Co. of Calif., Box 
1706, Bakersfield, Calif. 

Hammon, George L. (C) , Manager Nationa! 
Welding E nt Co. (Res. 
Fremont St., San Francisco, Calif. 

Hanaford, G. E. (B), District Manage: 
Bastian-Blessing Co., 4 Denny Pia 
Mariemont, Ohio. 

Hance, Joseph W. (C), Instructor, Detroit 
Board of 7 ration; (Res.) 2803 May 
bury Grand, Detroit, Mich. 

Hancock, James H., Jr. (C), Engineer 
Panama Canal; (Res.) Box 1146, Diabl 
Heights, Canal Zone. 

Hand, Everett L. (B), Methods Supervisor 
Gleason Works, 1000 University Ave 
Rochester, N. Y. 

Hand, John H. (ID), Welder, U. S. Army 
(Res.) 529—5th Ave., Ford City, Pa. 

Handley, Howard H. (C), Manufacturer's 
Representative, T. & H. Sales Co., 1639 
Union Industrial Bldg., Detroit, Mich. 

Handova, Charles W. (C), Asst. Metallur 
gist, Room 2865, Union Guardian Trust 
Bldg., Detroit, Mich. 

Haneharck, Nick (PD), Are Welder, Hospital! 
& Kitchen Equip. Co.; (Res.) 518 Welling- 
ton, W., Toronto, Ont., Canada. 

Hanes, Walter W. (C), Asst. We'ding Fore- 
man, Jeffrey Mfg. Co.; (Res.) 573 Clark 
Ave., Columbus, Ohio. 

Hanley, John L. (B), Shop Foreman, A 
Lucas & Sons; (Res.) 1007 8S. Jefferson 
Ave., Peoria, Ill 

Hannon, Cyril H. (B), Metallurgical En 
gineer, General Electric Co., Pittsfield 
Mass. 

Hansen, Arthur M. (C), Welding Contact 
Metallurgical Dept., Buick Motor Div 
(Res.) 2409 W. Dartmouth St., Flint 
Mich. 


Hansen, Carl U. (C), Production & Fabri- 
eating Eng., Taylor-Winfield Corp.; (Res 
440 Kenmore, N. E., Warren, Ohio. 

Hansen, Carroll (ID), Electric Welder. 
Foster Wheeler Corp.; (Res.) 937 52nd 
St., Brooklyn, N. Y 

Hansen, Hans (C), Owner, Hans Hansen 
Welding Co., 318 Washington St., Toledo 
Ohio. 
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Spray Corp.: Res Fort Hill Village, 
Searsdale, N. Y. 
Montana, Milwaukee, Wis 
Gruell, Herbert (C), Andrews Steel Co.; 
Fe (Res.) Route 1, Florence, Ky. 
(C), Products Engineer, 
Corp 3533 N. 27th 
Gr 
Hard 
Am 
Un 
gin 
Je 
G Hard 
We 
Hard 
Paice B), President, General wis 
2134—20th St., Detroit, Ad 
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President, American 23: 
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Gunning, John E. (©), Vice-President, 
Electric Are Cutting; (Res.) 75 Wood- 
we Es bine Ave., Newark, N. J Halas, John (C), 410 S. Poppleton St., N 
7 i Baltimore, Md. Har! 
eel CoO = St., Quincy, W 
Maas elense raining School; (Res. 116 Pe 
cee Hawthorne St., Bend, Ore. Har 
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Hall, Preston M. (B), President, Taylor- Ha 
99 Hope Ave., Wor- 
H cester, Mass, 
Haag, J., Jr. (C), President, Todd Com- Hall, Pau) B. (B). President. Hs 
bustion Equipment Co., 1 Broadway, 
He 
ting! N il Ordnance 
Sua a Bros. Towing Co.; (Res.) 7007 Narrows * H 
Ave., Brooklyn, N. (C), Surveyor, 4809 Kes- 
WICK altimore, Md. 
ven Halladay, Glenn G. (D), Welder, Puget H 
3 ee (Res.) 2643 Terrac 
aan. 
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Hansen, Hans (C), Engineer, Taylor- 
Winfield Corp.; (Res.) 253 Lowell Ave., 
Warren, Ohio. 

n Hansen, K. L. (B), Consulting Elect. En- 

yineer, 2916 N. Prospect Ave., Milwaukee, 

e Wis 

Hansen, Milton (C), Ship Hull Surveyor, 

r \mernican Bureau of Shipping; (Res.) 

s102 Cornwall Rd., Dundalk, Md. 

Hansford, Thomas E. (C), Marine Surveyor, 
\merican Bureau of Shipping, 660 Rocke- 
feller Bldg., Cleveland, Ohio. 

, Hanson, Ellis M., Jr. (C), E. M. Hanson & 
Co., 134 N. 5th, Philadelphia, Pa. 

Hanson, Roy E. (C), Mfg. Mech. Engineer, 
1924 Compton Ave., Los Angeles, Calif. 

! Happel, Raymond (C), Service Engineer, 

Handy & Harman, 20 N. Wacker Drive, 
Chicago, Il. 

Happersett, R. H. (C), Chief Metallurgist, 
Wilson Welder & Metals Co.; (Res.) 
43 Snyder St., Bergenfield, N. J. 

Harber, G. P. (B), Engineering School, 
Ft. Belvoir, Va. 

Harbin, L. N. (C), Harbin Welding Co., 


6743. Sampson Lane, Silverton, Cin- 
cinnati, Ohio. 

Hard, Gary, (C), Welding Supervisor, 


Northrop Aircraft; (Res.) 12527 Wood- 
green St., Venice, Calif. 

Hardbarger, Lyle H. (C), Foreman, Special 
Welding, R. G. Le Tourneau, Inc.; 
Res.) 110 Le Tourneau St., Peoria, Ill. 

Harder, Henry (D), Welding Instructor, 
American Welding Schools; (Res.) 75 
Union St., Lodi, N. J. 

Hardesty, Shortridge (B), Consulting En- 
gineer, Waddell & Hardesty, 101 Park Ave. 
New York, N. Y. 

Harding, Harry W. (C), Proprietor, Harding 
Welding Co., 8 Brooks Ave., Quincy, Mass. 

Hardnack, Louis M. (B), Welding Super- 
visor, Johnston & Jennings Co., 877 
Addison Rd., Cleveland, Ohio. 

Hare, L. Fletcher (C), Instructor of Welding 
2322 N. Monroe, Spokane, Wash. 

Hare, M. P. (C), District Manager, A. O. 


Smith Corp.; (Res.) 4930 McKinney, 
Houston, Tex. 
Harkins, Robert (D), Operator, Mid- 


Continent Petroleum Co.; 
N. Delaware, Tulsa, Okla. 

Harkrader, C. Ellison {C), Vice-President, 
Welin Davit & Boat Corp., 500 Market St., 
Perth Amboy, N. J. 

Harle, Thomas D. (B), Production Manager, 
Graver Tank & Mfg. Co., Inc.; (Res.) 
221 Warren St., Calumet City, Ill. 

Harmon, Carl F. (D), Welder, Maine Steel 
Prod. Co.; (Res.) 40 Grand St., South 
Portland, Me. 


Harmon, R. B. (B), Asst. Sales Manager, 
The Bastian-Blessing Co., 4201 W. Peter- 
son Ave., Chicago, Ill. 


Harper, John D. (B), Vice-President, Cutler 
Mail Chute Co.; (Res.) 220 Brooklawn 
Drive, Rochester, N. Y. 

Harrington, M. V. (B), Senior Engineer, U.S. 
Engineer Office, Pittsburgh; (Res.) 214 
renee Ave., Brentwood, Pittsburgh, 

a. 


(Res.) 119'/; 


Harris, A. W. (B), Plant Engineer, Western 
Cartridge Co., East Alton, Lil. 
Harris, Edward (D), Welder, Boston Navy 


Yard; (Res.) 128 Calumet St., Roxbury, 
Mass. 


Harris, John E. (C), Supt. Electrode Dept., 
The McKay Co., Grantley Rd., York, Pa. 

Harris, Lee W. (B), Works Manager, Link- 
Belt Co., 2045 W. Hunting Park Ave., 
Philadelphia, Pa. 

Harris, Melville T. (C), Supervisor of Weld- 
ing, National Automatic Tool Co., 106 
S. W. 5th St., Richmond, Ind. 


Hart, Chauncey (B), Welding Engineer, 
The Heil Co., 3000 W. Montana St., 
Milwaukee, Wis. 

Hart, F. H. M. (C), President, Frederick 
ag & Co., P. O. Box 992, Poughkeepsie, 
N. 


Hart, Otto (C), The Heil Co., 3000 W. 
Montana St., Milwaukee, Wis. 


Hart, William H. (C), Secretary, Chas. W. 


Krieg Co., Inc.; (Res.) 
Ave., East Orange, N. J. 
Harter, Grant E. (D), Electric Welder, 
American Locomotive Co.; (Res.) 411 

Manning Blvd., Albany, N. Y. 

Harter, Isaac (B), Vice-President, The 
Babcock & Wilcox Co., Barberton, Ohio. 
Hartman, H. I. (B), Designing Engineer, 
S. Morgan Smith; (Res.) 638 W. King St., 

York, Pa. 

Hartstein, George E. (D), Arc Welder, 
N. Y. Shipbuilding Corp.; (Res.) 1711 
Race St., Philadelphia, Pa. 

Harvey, Ivan M. (D), Welder, Los Angeles 
Shipyard & Dry Dock Co.; (Res.) 1130 
S. Chapel, Alhambra, Calif. 

Harvey, Sidney M. (C), President, Electric 
Welding Machine Co., 9635 French Rd., 
Detroit, Mich. 

Harvey, William D. (F), Student, Ohio State 


214 Glenwood 


University; (Res.) 1978 Iuka Ave., 
Columbus, Ohio. 
Haskell, Ben (C), Welding Supervisor, 


Dilts Machine Works, Inc., Division of 
Black Clawson; (Res.) Hotel Lewis, 
Fulton, N. Y. 

Haskins, Ray (D), Welder, Oregon Ship- 
building Corp.; (Res.) 814 N. E. 30th 
Ave., Portland, Ore. 

Hasler, T. B. (B), President, Wilson Welder 
& Metals Co., 60 E. 42nd St., New York, 
N. Y. 

Hasse, Frank C. (B), General Manager, 
The Oxweld Railroad Service Co., 230 
N. Michigan Ave., Chicago, Ill. 

Hasslinger, Wm. C. (C), Supervisor, A. O. 
Smith Corp.; (Res.) 3855 N. 24th Place, 
Milwaukee, Wis. 

Hastings, B. F. (C), Structural Engineer, 
American Institute of Steel Const’r., 1737 
Chestnut St., Philadelphia, Pa. 

Haueisen, Henry (D), Welder, R. G. Le 
Tourneau; (Res.) 809 Starr St., Peoria, Lil. 

Haugh, Ed. (C), Head of Material Prepara- 
tion, Lewis Welding & Eng. Corp.; (Res.) 
1712 Bryn Mawr, East Cleveland Heights 
Ohio. 

Haugh, Thomas M. (D), Welder, York Safe 
& Lock Co.; (Res.) 307 Hallum St., 
Wrightsville, Pa. 

Havens, Harry L. (C), President, Havens 
Structural Steel Co., 1713 Crystal Ave., 
Kansas City, Mo. 

Havens, Wm. Westerfield (C), Engineer, 
Production Dept., Combustion Engineer- 
ing Co., 200 Madison Ave., New York, 

Hawkins, Richard L. W. (B), Asst. Manager 
Welder Sales Div., Harnischfeger Corp., 
4400 W. National Ave., Milwaukee, Wis. 

Hawkins, Samuel R. (C), District Sales 
Manager, American Chain & Cable Co., 
Inc., Page Steel & Wire Div., 830 Healey 
Blidg., Atlanta, Ga. 

Hawley, R. G. (C), General Foreman, Link 
Belt Co.; (Res.) 7404 8. Vernon Ave., 
Chicago, Ill. 

Hay, John J. Jr. (D), Maintenance Welder, 
The Bullard Co.; (Res.) 119 Lewis St., 
Bridgeport, Conn. 

Hay, Robert A. (D), Welding Planner, 
Brooklyn Navy Yard; (Res.) 1778 E. 48th 
St., Brooklyn, N. Y. 

Hayes, C. L. (D), Welder, Corley Mfg. Co., 
Chattanooga, Tenn. 

Hayes, Francis P. (D), Siemund Marine 
Elect. Welding Co.; (Res.) 575 E. 161th 
St., Bronx, New York, N. Y. 

Hayes, Kenneth E. (DD), Welder, American 
Locomotive Co.; (Res.) 88 South 8St., 
Ballston Spa. N. Y. 

Hayes, Luther (C), Operating Welder, Key- 
stone 8S. & W. Co.; (Res.) 406—6th St., 
Peoria, Ill. 

Haygood, J. W. (B), Service Supervisor, 
The Linde Air Products Co., 311 Ross St., 
Pittsburgh, Pa. 


Haynes, A. R. (C), Boiler & Pressure Vessel 
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Insp., General Petroleum Corp (Res.) 
2525 E. 37th St., Vernon, Calif 

Haynes, Hanford (B), President, Associated 
Shipbuilders, 2727—16th Ave., Seattle, 
Wash. 

Hays, H. Ford (C), Instructor, Natchitoches 
Trade School; (Res.) Behan St., Natchi- 
toches, La. 

Hays, Manford M. 
Western Pipe & Steel Co.; 
Amar St., San Pedro, Calif. 

Hayward, C. L. (B), Salesman, Williams & 
Co.; (Res.) P. O. Box 540, Minneapolis, 
Minn. 

Heacks, Herman (1), Electric 
Universal Washing Machine Co.; 
50 Halstead St., Kearney, N. J 

Headrick, B. C. (C), Master Mechanic, 
Kansas Gas & Electric Co., Wichita, Kan. 

Heal, Charles E. (C), Salesman, The Steel 
Co. of Canada Ltd., Wellington St., N., 
Hamilton, Ont., Canada 

Heath, H. P. (A), Engineer, Coil Winding 
and Welding, Western Electric Co., Inc., 
Dept. 7851, Hawthorne Sta., Chicago, Il! 

Heavrin, Perle (1D), Arc Welder, R. G. Le 
Tourneau, Inc.; (Res.) Dunlap, Ill 

Hebden, John W. (C), Chemist & Engineer 
of Tests, L & N R. R. Co., South Louis- 
ville Shops, Louisville, Ky. 

Hechler, Charles, Jr. ((), Roslyn, L. L., N.Y 

Hecker, Carl L. (C), Supt. Sheet Metal Div., 
Yellow Truck & Coach Mfg. Co.; (Res.) 
678 Henley Drive, Birmingham, Mich 

Heckman, Homer H. ((), 14048 Welland 
Ave., Detroit, Mich. 

Hecox, Emory D. (B), Welding Engineer, 
Cramp Shipbuilding Co., Philadelphia; 
(Res.) 200 Glendale Rd., Upper Darby, Pa. 

Hecox, George E. (F), Student, Ohio State 
University, Industrial Engineering Bldg., 
Columbus, Ohio. 

Hed, Andrew (C), % Flesch & Schmitt, Inc., 
118 Brown Feochester, N 

Heddell, Douglas ((), Asst. Marine En- 
gineer, St. Peter Helms-McCormi k S 
Co.; (Res.) 929 Shevlin Drive, El Cerrito, 
Calif. 

Hedlund, A. V. (C), Foreman, Marquette 
Mfg. Co., 409 Johnson St., N. E., Minne- 
apolis, Minn 

Hedrick, Leslie C. ((), Welder, Michigan 
State College: (Res.) 821 Wisconsin St., 
Lansing, Mich. 

Heffernan, Paul ((), Electric Welder, Navy 
Yard: (Res.) 314 Bartlett St., Portsmouth, 
N. H. 

Heffner, Edwin J. (C), Manager, Seully Steel 
Products Co., 1394 E. 39th St Cleveland, 
Ohio. 

Heil, Luke (ID), Welder, Wheeling Steel 
Corp.; (Res.) 2119 Marshall St., Benwood, 
W. Va. 

Heilman, Alexander B. (©), Welding Fore 
man, Read Machine Co. Inc.; (Res.) 189 
S. Highland Ave., York, Pa 

Heinle, W. C. (B), 
land Crane & Engineering Co., 
Ohio. 

Heinmiller, P. Malcolm (©), Supt., Utility 
Trailer Mfg. Co.; (Res 5245 Loleta Ave., 
Los Angles, Calif. 

Heintz, George R. (DD), Electric 
New York Navy Yard; (Res 
109th St., Richmond Hill, N. ¥ 

Heinz, Edward (B Checker Engineering 
Dept.), Buffalo Foundry & Mak hine Co., 
1453 Fillmore Ave., Buffalo, N. Y 

Heisey, Paul B. (1D), Mechanic, Brown, 
Davis & White; (Res.) R. D. 1, Elizabeth- 
town, Pa. 

Heisler, Edward R. (1D), Instructor, War 
Dept., U.S.A., QMRTC Res.) 200 E 
Brookland Park Blvd., Richmond, Va 

Heitman, Charles E., Jr. (B), Asst. Plant 
Engineer, A. O. Smith Corp.; Res 
10237 W. Vienna Ave., Milwaukee, Wis 

Heller, James (© Applied En- 
gineering Dept., Air Reduction Sales Co.; 


Leadingman, 
(Res.) 214 


W elder, 
(Res.) 


Chief Engineer, Cleve- 


Wickliffe, 


Welder, 
84-06 


Supervisor 


(Res. 603 Columbia Ave North Bergen, 
N. J. 
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Heller, Robert W. 
& Steam Sales, 

»., Pittsburgh, Pa. 

Research Fellow, Mellon 


Hershey, Wm. F. (C), Muskogee Iron Works, 


Herzig, Everett C. 


Welding Instructor, 
Browning High School, Ethri 


Helm, David F. (C), 
Grantley Road, York, Pa. 
Helm, John E. 

(Res.) 117 Isabella Ave. 
<a R. F. (C), 


, Box 1120, Houston, Tex. 
, Chief Inspector, Electro- 
345 5S. Kensington 


Welding Engineer, 


Lincoln Electric vei (Res.) 914 8S. Moni- 


Standard of Mfg. Co., 
Hess, George A A. ivil 


Form & Iron Co., Warren, Ohio. 
Heltzel, J. N. (B), 
Form & Iron Co., 
Helvey, O. C. 


Hutchinson, Kan. 


Hess, ‘Wendell (B), Assoc iate —— in 


P olytechnic Inst., 


Hessdoerfer, omg M. ( , Sales Engineer, 
Chief Engineer, 
., Philadelphia, Pa. 
Hetherington, Cc. R. (C), Senior Inspector of 

Engineering Mate rials, U. 
Naval Gun Factory, 
mek 


a., South Heights, Pa. 
Henderson, H. F. (C), Boiler St Foreman, 
Desk K. Washington, 
Henderson, L. P. (C), Salesman, The Lincoln Hettler, Wm. M. (C), Union Carbide Co., 
Niagara Falls, N. Y 
Francisco, Calif. 
Hendren, Robert F. 


Welder, Deleo Remy. Div. of G. M. Corp.; 
Operations, Chicago Bridge 


(Res.) 1533 Noble St., 


Hexter, Irving B. , President, Industrial 


Hendricks, Walter E. (F), Ohio State Univer- 
Engineering Dept., 
Club, Columbus, Ohio. 
Hendrickson, M. H. 
Equipment Co., 
Henegar, Herbert B. 
Tennessee Copper Co., Copperhill, Tenn. 
Henke, E. J. (B), President, 


Hibbard, F. Gardiner (C), 
Smith Welding j 

St. Paul Ave., Milwaukee, Wis. 
Hibbett, Harry (C) 


»), Chief Engineer, 
, Engineer, Osgood Co., 
American Elec- 
Hickerson, James Edgar (CC), 

W. K. Mitchell & Co., Star Route, Front 


Youngstown Steel Door Co., 

1379, Youngstown, Ohio. 
Henrickson, Chester (C), 
W. 3rd & Jefferson, Cleveland, Ohio. 
Henriques, Horace F. 


Hickey, D. W. (C), President, D. W. Hickey 


1841 University 
. 5, Box 555A, Louis- 


j Mech. Engineer, 
New York, N. Y. 5390 Bircher Blvd., 
Henry, Dallas T. 

Rolling Mill Co.; 


Moloney Electric Co., 
(Res.) 920 Montgomery Hicks, Jesse F. (C), 


Planner & Rate Setter, 
General Electrie Co. ; 


(Res.) 2101 Colgate 
(Res.) 3005 Foster Drive, Hiemke, Hugo W. 
Ingi . Bureau of Ships, Nz 
Henry, 


Process Engineer, 


Potrero Ave., San Francisco, Calif. 


ey Clarence W. (A), 
_U. 8. Rubber Co., 


Henry, Michael D. ), Welding Foreman, Manager of Wire 


1230—6th Ave., 


Heppel, F. C. (C), 


, President, Safe Harbor 
Cylinder Gas Co., 


McCall Bldg., Memphis, Lexington Bidg., 


Baltimore, Md. 


Higgins, Theodore R. 
American Inst. of Steel C ‘onstruction, Inc., 


Herb, Edward (C), 


Machine Shop Foreman, 
Coplay Cement Mfg. Co., 


, Chief Engineer, 
R. D. 1, Coplay, 
Herbst, Fred, Jr. (B), 
Pitz Construction 
Commercial St., } 


Herman, Justin (C), § 


High Welding Co., 
Highwood, William 
(Res.) 2334 Kemper 

Lane, Cincinnati, Ohio. 
Higman, Jack 
Lincoln Electric Co.; 


Herod, Roy S. (C), Welding Foreman, Office Manager, 


y. (Res.) 4409 Madison 
3028 Redwood Ave., 


. Research Engineer, 
Gasoline Corp., Aeronautical Dept., 
W. Eight Mile Rd., i i 
Herren, George S. (B), 
The Seagrave Corp., 
Herrman, L. T. N.R. 
. Officer, Supervisor of Shipbuilding, 


Hila, John (C), 


Welding Supervisor, (Res.) 160 Emerson St., 


., 1023 St., 


Chickasaw, Ala. 
Herrschatft, Donald (F), Rensselae Poly- 


Carnegie-Illinois Steel Co., 603 Carnegie 


ALPHABETICAL LIST OF MEMBERS 


Hili, H. O. (B), Asst. Chief Engineer, Be. 
hem Steel Co.; (Res.) 201 E. Goepp s+ 
Bethlehem, Pa. 

Hill, Harry N. (C), Vice-President, Joby 
Simmons Co., 40 Edison Place, Newark 

Hill, Herbert W. (D), Welder, Union 0)! © 
of Calif.; (Res.) 214 McNees A 
Whittier, Calif. 

Hill, Lockwood (B), Proprietor, Hill Ey 
ment Engineering Co., 4135 Gratiot : St. 
St. Louis, Mo. 

Hill, Ralph G. (B), Chief Welding ag or, 
U.S. Army; (Res.) 1017 Beach St., Flint 
Mich. 

Hill, W. V. (C), Research, Construction & 
Designing Engineer, The Ohio Power ( 
Philo, Ohio. 

Hiller, Russel D., Jr. (C), 1244 8. Nor! 
St., Tulsa, Okla. 

Hilpert, M. G. (C), Asst. Engineer, Bethle- 
hem Steel Co.; (Res.) 33 W. Church &t.. 
Bethlehem, Pa. 

Hilvety, Owen (C), Operator of Welding 
Shop, Hilvety’s Garage & Welding Shop, 
Moweagqua, IIl. 

_e. Ralph J. (C), Supt. Structural & Me: 
Div., Construction Dept., Commonwea th 
Edison Co., 72 W. Adams St., Chicago, II! 

Hindman, W. P. (B), Works Manager, 
% American Car & Foundry Co., Milton 
Pa, 

Hinds, Spencer C. (C), Electrical Develo 
ment Engineer, A. C. Spark Plug © 
Flint, Mich. 

Hines, Wilson S. (C), Chief Structural! 
Draftsman, Pollock-Stockton Shipbuilding 
Co., Box 1848, Stockton, Calif. 

Hinkefent, Emil C. (B), President, Allied 
Steel Products Corp., Box 1020, Tulsa 
Okla. 

Hinkle, W. R., Jr. (B), District Sales Man 
ager, National Cylinder Gas Co., 2615 W 
Greves St., Milwaukee, Wis. 

Hippe, M. W. (C), District Sales Manager 
The Linde Ai? Products Co., 230 N 
Michigan, Chicago, Ill. 

Hirsch, Walter F. (B), Metallurgist, In- 
dustrial Research Lab.; (Res.) 710 
Arbutus Ave., Huntington Park, Calif 

Hitley, W. W. W. (C), Supervisor of Welder 

* Training, N. Y. Shipbuilding Corp.; (Res 
412 Pennsylvania Ave., Prospect Park, Pa 

Hixson, Elmer (C), Welding Enginee: 
Minneapolis-Moline Power Imp. Co., P.O 
Box 1050, Minneapolis, Minn. 

Hoad, Francis W. (D), Spot Welder, Bell 
Aircraft; (Res.) 48 E. End Ave., Buffalo, 
N. Y. 
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Hoag, L. Frank (B), Foreman, Link Belt 
Co.; (Res.) 114 Irvington St., San Fran- 
cisco, Calif. 

Hoar, William S. (C), Asst. Chief Draftsman 
Pottstown Plant, Bethlehem Steel Co.; 
(Res.) Burdan Drive, Pottstown, Pa 

Hobart, W. H. (B), President, Hobart Bros 
Hobart Square, Troy, Ohio. 


Hobbs, James C. II (C), Welding Enginee: 
Union Metal & Mfg. Co., Maple Ave 
Canton, Ohio. 


Hobson, Howard W. (D), Box 42, Great 
Notch, N. J. 


Hobson, Russell B. (1D), Designing Drafts- 
man Webster-Talmadge & Co.; (Res.) 
Box 42, Great Notch, N. J 

Hoch, John H. (D), Supervisor, Federa 
Shipbuilding & Drydock Co.; (Res.) 300 
Valley Brook Ave., Lyndhurst, N. J. 


Hock, Alvin, Jr. (D), 1566 Hollywood Ave 
College Hill, Cincinnati, Ohio. 


Hodge, J. C. (B), Vice-President, The Well- 
man Engineering Co., 7000 Central Ave 
Cleveland, Ohio. 


Hodge, Thomas (C), Alloy Pipe & Tul 
Welder, Heyden Chemical Corp.; (Res 
70 Kip Ave., Rutherford, N. J. 

Hodges, Charles (CC), Welding Supt 
Standard Oil Co. of N. J., Bayway Re 
finery, P. O. Box 16, Elizabeth, N. J. 
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Hodges, Hubert E. (C), Asst. Welding Supt., 
Duplex Printing Press Co., Battle Creek, 
M n 
enighausen, John (C), Master Mechanic, 

env-Vacuum Oil Co., 400 Kingsland 
Ave., Brooklyn, N. 

Hoern, J. H. (B), General Master Mechanic, 
Wileox-Rich Div. of Eaton Mfg. Co.; 

Res.) 9771 French Rd., Detroit, Mich. 

Hoffberg, W. A. (B), Consulting Engineer, 
67 W. 44th St., New York, N. Y. 

Hoffman, C. H. (B), Manager, Seattle Boiler 
Works, 5237 East Marginal Way, Seattle, 
W ash 

Hoffman, C. Raymond (B), Welding Super- 
visor, Worthington Pump & Mach. Corp.; 

2es.) Roger Smith Hotel, Holyoke, Mass. 

Hoffman, Ray (C), Welder, General Ma- 
chinery Corp.; (Res.) R. R. 1, Hamilton, 
Ohio 

Hoffman, William F., Jr. (C), Welding En- 
gineer, The Lincoln Electric Co.; (Res.) 
1251 E. 124th St., Cleveland, Ohio. 

Hofstetter, Joseph W. (B), General Fore- 
man, Fisher Body Corp.; (Res.) 127 
Mayfield Ridge Rd., South Euclid, Ohio. 

Hogaboom, Allen G. (C), Welding Super- 
visor, Bethlehem Steel Co., (Shipbuilding 
Div.); (Res.) 8 Whittier Rd., Braintree, 
Mass 

Hogan, Howard K. (B), Special Representa- 
tive, Vocational Training of War Produc- 
tion Workers (Welding Operators), U. 8. 
Office of Education, War Manpower Com- 
mission, Washington, D. C.; (Res.) 404 
N. George Mason Drive, Arlington, Va. 

Hogan, Leroy J. (B), Senior Inspector of 
Shipbuilding, U. 8. Navy, Office of Super- 
visor of Shipbuilding, Seneca, Ill. 

Hoglund, Clarence E. (C), Welder, C. W. 
Olsen Mfg. Co.; (Res.) 1300 Quincy St., 
N. E., Minneapolis, Minn. 

Hoglund, Bruno (D), Welder, Roth Mfg. Co., 
911 Pleasant St., Oak Park, Ill. 

Hoglund, Gustav O. (A), Engineer, Alu- 
minum Co. of America, New Kensington, 
Pa. 

Hogrefe, Otto L. (B), Welding Engineer, 
Fisher Body Tank Div.; (Res.) 2018 
Colon St., Flint, Mich. 

Hohmann, Donald N. (1D), Asst. Maintenance 
Engineer; Alloy Rods Co., (Res.) 142 E. 
Market St., York, Pa. 

Hohmann, George M. (C), Welding En- 
gineer, Alloy Rods Co., 501 E. Prospect 
St., York, Pa. 

Hohmann, Joseph P. (1D), Supt., Alloy Rods 
Co., 501 E. Prospect St., York, Pa. 

Hoier, Louis C. (F), Ohio State University, 
65—13th Ave., Columbus, Ohio. 

Hoier, Wm. V. (B), President, Robert 
——— Inc., 19 W. Jefferson St., Chicago, 
ll, 

Hokkanen, John (1D), Welder, Consolidated 
Shipbuilding Corp.; (Res.) 82-75—6lst 
Rd., Elmhurst, L. I., N. Y. 

Holden, Howard B. (B), Tank Branch, 
Welding Advisor, Detroit Ordnance Dis- 
trict, U. S. Army, 868 Lawrence Ave., 
Detroit, Mich. 

Holder, Charles D. (DD), Welder, Guide 
Lamp Co.; (Res.) Daleville, Ind. 

Holder, G. C. (C), Metallurgist, Foster- 
W heeler Corp.; (Res.) 210 Elm Court, 
Elizabeth, N. J. 

Holdridge, Leonard (1D), Welding Operator, 
Weston Welding Works; (Res.) 275 
Farrant Terrace, Teaneck, N. J. 

Holitzke, Joseph L. (D), Electric Welder, 
Hydril Tool Co.; (Res.) Dayton, Tex. 

Holland, Bill (C), Welding Foreman, Wyatt 
Metal & Boiler Works; (Res.) 1007 
Hendricks, Dallas, Tex. 

Holland, Charles W., Jr. (ID), Welder, 
Couse Labs.; (Res.) General Delivery, 
Hanover, N. J. 

Holland, Leonard (C), Technical Super- 
visor of Welding, Hamilton Bridge Co.; 
(Res.) 231 Bay St., N., Hamilton, Ont., 
Canada. 

Holland, S. Emil ((), General Manager, 


Simon Holland & Son, Inc., 825 Stone 
Ave., Brooklyn, N. Y. 

Holland, Thomas A. (C), Welding Instructor, 
Carnegie-Illinois Steel Co. & Chicago 
Board of Education; (Res.) 7643 8. 
Ridgeland Ave., Chicago, II. 

Holley, E. C. (B), Production Supt., St. 
Joseph Ry. Light, Heat & Power Co.; 
(Res.) 520 Francis St., St. Joseph, Mo. 

Hollick, Robert E. (C), Associate Structural 
Engineer, Panama Canal, Box 924, 
Diablo Heights, Canal Zone. 

Hollingshead, W. E. (A), Welding Engineer, 
S. Morgan Smith Co., Lincoln & Hartley 
Sts., York, Pa. 

Hollister, (B), Professor, Cornell 
University, Ithaca, N. Y. 

Hollister, Sydney E. (C), Owner, Sydney E. 
Hollister Co., 150 Everett Ave., Newark, 
Ohio. 

Holmes, Chas. N. (1), Welder, Tractor, 
Parts & Service, Trenton, Mo. 

Holmes, Clarence E. (C), Draftsman, Chi- 
cago Bridge & Iron Co.; (Res.) 69 Cham- 
bers St., Greenville, Pa. 

Holmes, George (C), Partner, Service Iron 
Works, 12271 Coyle Ave., Detroit, Mich. 
Holmes, Verne E. (C), Welding Engineer, 
Grand Rapids Stamping Div.; (Res.) 
312 Diamond Ave., 8. E., Grand Rapids, 

Mich. 

Holslag, C. J. (B), Engineer, Electric Are, 
Inc., 152 Jelliff Ave., Newark, N. J. 

Holt, Donald C. (C), Welding Foreman, 
M. W. Kellogg Co., P. O. Box 509, East 
Chicago, Ind. 

Holt, Joseph (B), Leadman over Shrinkers 
Associated Ship Builders; (Res.) 14656— 
16th Ave., 8., Seattle, Wash. 

Holt, L. T. (B), Metallurgist, The Holt Co., 
1016 First Ave., S., Seattle , Wash. 

Holt, R. W. (B), Research Work, Chicago 
Steel & Wire Co.; (Res.) 10257 Torrence 
Ave., Chicago, Ill. 

Holthberg, Edwin P. (C), Metallurgist, 
Winchester Repeating Arms Co., Win- 
chester Ave., New Haven, Conn. 

Holtzhouse, Guy A. (C), Proprietor, Superior 
Welding & Brazing Co., 6538 Russell St., 
Detroit, Mich. 

Holzbauer, Arthur A. (C), Engineer, Sun 
Shipbuilding & Dry Dock Co.; (Res.) 
Middletown & Fox Rds., R. D. 2, Media, 
Pa. 

Holzer, Vernon L. (1D), Welding Operator, 
Bell Aircraft Corp., 2050 Elmwood, 
Buffalo, N. 

Homann, F. C. (C), Associate Professor, 
Mech. Engr., Montana State College, 
Bozeman, Mont. 

Homrighaus, A. Holle (B), Manager, The 
Welder Service Co., 2058 Canton St., 
Toledo, Ohio. 

Honey, E. M. (C), Structural Designer, 
Detroit Edison Co.; (Res.) 5379 Seneca 
Ave., Detroit, Mich. 

Honhart Jack C. (C), Welding Engineer, 
Metal & Thermit Corp., 16508 Ward, 
Detroit, Mich. 

Hood, G. Jas. (C), Foreman (Welding Dept.), 
Bethlehem Steel Corp.; (Res.) 75 Broad 
St., Leetsdale, Pa. 

Hook, Archie M. (1D), Welder, Anaconda 
Wire & Cable Co.; (Res.) R. R. 3, Alexan- 
dria, Ind. 

Hook, Cleo. E. (D), Welder, Box 163, 
Columbus, Ind. 

Hook, Ira T. (B), Major, U.S. Army; (Res.) 
494 Norton Parkway, New Haven, Conn. 

Hoopes, James C. (D), Electric Welder, 
Cramp Shipbuilding Co.; (Res.) 405 
Marlin St., Folsom, Pa. 

Hoover, C. M. (C), Supt., The Enterprise 
Co., Columbiana, Ohio. 

Hopkins, R. K. (B), Director, Metallurgical 
Research & Development, M. W. Kellogg 
Co., Foot of Danforth Ave., Jersey City, 
N. J 


Hopley, David (C), Foreman, General 
Electric Co.; (Res.) 951 Dalton Ave., 
Pittsfield, Mass. 
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Hoppenstedt, V. J. (C), Plant Supt., Butler, 
Mfg. Co.: (Res 2720—15th Ave., 8., 
Minneapolis, Minn 

Hopper, Oscar B. (1)), Welder, 807 W. 4th 
St., Long Beach, Calif. 

Horan, Thomas F., Jr. ((), Arc Welder, 
Electric Boat Co.; (Res.) Niantic River 
Rd., Waterford, Conn. 

Horlock, Henry G. (C), President, Searles 
Electric Welding Works, 1310 8. 47th Ave., 
Cicero, Il. 

Horn, Henry (C), Welder, Sub-Foreman, 
Western Pipe & Steel Co.; Res.) 10013 
Otis St., Southgate, Calif. 

Horn, N. B. (D), Welder, Western Pipe «& 
Steel Co.: (Res.) 236 Argonne Ave., Long 
Beach, Calif. 

Horn, T. L. (C), President, The Kanawha 
Welding Rod Co., 1308 Kanawi Valley 
Bidg., Charlestown, W. Va 

Hornbeck, John (1D), Welder, Buffalo Tank 
Corp.; (Res.) 404 W. 7th St., Plainfield, 
N. J 


Horne, L. V. (C), Mechanical Engineer, 
Union Oil Co. of Calif.; (Res.) 617 W. 7th 
St., Los Angeles, Calif. 

Horne, Marvin R. (€), Sales Engineer, Geo. 
R. Horne & Co., 22187 W. Michigan Ave., 
Dearborn, Mich. 

Horrigan, F. D. (C), Sales Engineer, Wilson 
Welder & Metals Co., 60 E. 42nd &t., 
New York, N. Y. 

Horsman, Kenneth W. (8), Supt. of Steel 
Construction, Worthington Pump & Ma- 
chinery Corp., Harrison, N 

Horton, George Terry A), President, 
Chicago Bridge & Iron Co., 1305 W. 105th 
St., Chicago, Ill. 


Horwitz, Sol (B), Chief Engineer, West End 
Iron Works, 122 Hampshire St., Cam 
bridge, Mass. 


Hoskins, George W. (13), Sales, Harnisch- 
feger Corp., 742 Broad St. Sta. Bidg. 
Philadelphia, Pa. ® 

Host, Lewis (C), Principal Surveyor «& 
Manager, Great Lakes Dept., American 
Bureau of Shipping, 660 Rockefeller Bldg 
Cleveland, Ohio. 


Hosted, Ed. G. (C), Manager, Hosted and 
Hosted Contractors; (Res.) 1116 E. Sixth 
St., Duluth, Minn. 

Hough, F. A. (C Executive Engineer, 
Southern Counties Gas Co., 810 8. Flower 
St., Los Angeles, Calif. 


House, Alan (B), Welding Engineer, R.C.A. 
Mfg. Co.; (Res 111 E. Cedar Ave., 
Oaklyn, N. J. 

House, Charles W. (C), Welder, General 
Petroleum Corp.; (Res.) 1450 W. 70th 
St., Los Angeles, Calif. 

Houseman, Walter G. (B), Welding Super- 
visor, Timken Detroit Axle Co.; (Res.) 
2161 Negaunee, Redford, Detroit, Mich 

Houser, Floyd M. (C), Instructor Welding, 
Senior H. 8., School Dist. of Reading; 
(Res.) 348. 9th St., Reading, Pa 

Howard, Edgar G. (C), Supervisor & Gas 
Welder, N. Y. Navy Yard; Res 130- 
09—243rd St.. Rosedale, L.I., N. 

Howard, Edwin J. (C), Welder, 204 E. Km- 
pire, Spokane, Wash 

Howard, Frank (1), Manager of Sales, 
American Steel & Wire Co., 71 Broadway, 
New York, N. Y. 

Howard, W. F. (C). Tool Div... Jones & 
Lamson Mach. Co., Springfield, Vt 

Howard, Wayne A. (C€), Asst. Engineering 
Supervisor, Socony Vacuum Oil Corp., 
412 Greenpoint Ave., Brooklyn, N. ¥ 

Howell, W. H. (C), Union Carbide Co., 
Niagara Falls, N. Y. 

Howery, James A. (CC), 4316A Lexington 
Ave., St. Louis, Mo. 

Howery, Theodore E. (©), General Welding 
Foreman, Atlas Powder Co., General 
Delivery, Weldon Springs, Mo 

Howson, Louis Richard (8), Consulting En- 
gineer, Alvord, Burdick & Howson, 20 
N. Wacker Drive, Chicago, Ill 
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Hoydich, Nicholas (D), Welder, Crocker 
Wheeler Electrical Mfg. Co.; (Res.) 43 
Brenner St., Newark, N. J. 

Hoyt, Samuel L. (B), Technical Advisor, 
Battelle Memorial Inst., 505 King Ave., 
Columbus, Ohio. 

Hripko, Stephen John (DD), Layer-Out; 
(Res.) 3737 South Ave., Youngstown, 
Ohio. 

Hruska, John H. (B), Chief Inspector, 
Electro-Motive Division of General Mo- 
tors, 55th St. & Joliet Rd., La Grange, IIL. 

Hrusovsky, L. (B), Metallurgical Chemist, 
Armor Plate Div., Breeze Corps., Inc., 
829 Newark Ave., Elizabeth, N. J 

Hubach, K. G. (B), Salesman, Page Steel & 
Wire Div. of American Chain & Cable 
Co., Second & Diamond Sts., Philadelphia, 
Pa. 

Hubbard, Ronald P. (C), Welding Super- 
visor, Cramp Shipbuilding Co.; (Res.) 
7022 Walnut St., Upper Darby, Pa. 

Huber, George L. (B), Vice-President, W. K. 
Mitchell & Co. Inc., 2940 Ellsworth St., 
Philadelphia, Pa. 

Huchthausen, Walter (B), President, The 
Huchthausen Co., 939 S. Sth St., Manito- 
woc, Wis. 

Hudnall, John W. (C), Inspector, Con- 
solidated Gas, Electric, Light & Power 
Co.; (Res.) First Ave., Ferndale, Md. 

Hudoba, Louis (B), Foreman, Welding 
Dept., The Waterman-Waterbury Co.; 
(Res.) 1121 Jackson St., N. E., Minne- 
apolis, Minn. 

Hudson, John B. (B), Foreman, Bell & 
Crossette Co.; (Res.) Waukegan Rd., 
Glenn View, Ill. 

Hudson, Sherman (D), Operator, Welding 
& Repair Shop, Walker, Iowa. 

Hudson, William (B), Erection Manager, 
Southern District, Chicago Bridge & Iron 
Co., Box 2567, Houston, Tex. 

Huebner, Edward (D), Asst. Fbr. Aircraft 
Welding, U. S. Government; (Res.) Box 
62, Taberg, N. Y. 

Huester, Harry J. (C), Technical Advisor, 
Reynolds Metals Co., 2500 S. 3rd St., 
Louisville, Ky. 

Huet, G. O. (B), Naval Architect & Marine 
Engineer, Higgins Industries Ine., 1755 
St. Charles Ave., New Orleans, La. 

Huffman, Shelton B. (C), Welder, 202 E. 
Cedar Ave., Bellflower, Calif. 

Hughen, J. M. (B), Vice-President, Penn. 
Shipyards, Inc., Beaumont, Tex. 

Hughes, John K. (ID), Combination Welder, 
Koppers Co.; (Res.) 301 Penn. Ave., 
Martinsburg, W. Va. 

Hughes, Thomas P. (C), Asst. Prof. of Mech. 
Engineering, University of Minnesota, 
Mech. Engineering Bldg., Minneapolis, 
Minn. 

Huhn, James M. (C), Automatic Welder, 
Western Pipe & Steel Co.; (Res.) 112— 
7th St., San Francisco, Calif. 

Hull, Daniel B. (B), Marine Surveyor, 
American Bureau of Shipping, 1242 
Prudential Bldg., Buffalo, N. Y. 

Hull, Earl B. (B), U. S. Supervising In- 
spector, Bureau of Marine Insp. & 
Navigation, 1110 Keith Bldg., Cleveland, 
Ohio. 

Hulse, Alexander B., Jr. (C), Pressure Parts 
Welding Detail Man, Combustion En- 
gineering Co., Inc., 200 Madison Ave., 
New York, N. Y. 

Hultin, Harry (C), Sales Engineer, Hawaiian 
Gas Products, Ltd., 465 California St., 
San Francisco, Calif. 


Humberstone, Joseph H. (B), Metallurgical 
Engineer, Arcrods Corp., 3105 Ardee Way, 
Dundalk, Md. 

Humble, C. E. (C), Vice-President, Burke 
Electric Co., Erie, Pa. 

Humble, John S. (B), Surveyor, American 
Bureau of Shipping, 3216 Grant Bldg., 
Pittsburgh, Pa. 

Hume, K. B. (C), Foreman, Steel Pipe 
Works, % Hume Steel Co., P. O. Box 
4534, Meibourne, C. i, Austraiia. 
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Human, E. F. (C), Eastern District Erection 
Manager, Chicago Bridge & Iron Co., 
119 Long Ave., Hillside, N. J. 

Humphrey, Stanley M. (B), Electrical Engi- 
neer, Taylor-Winfield Corp., Warren, Ohio. 

Humphreys, W. D. (C), Salesman, D. C. 
Anderson; (Res.) 5235 Laurens St., 
Germantown, Pa. 

Humphreys, Walter L. (C), Salesman, D. C. 
Anderson; (Res.) 1212 W. Seltzer St., 
Philadelphia, Pa. 

Huna, Albert F. (C), Welding Supervisor, 
Air Reduction Sales Co., 215 W. Pershing 
Rd., Kansas City, Mo. 

Huna, Jack (©), Welder, American Hoist 
& Derrick Co.; (Res.) 1156 E. Maryland 
St., St. Paul, Minn. 

Hundrieser, Erich (DD), App. Grinder, 
International Projector Corp.; (Res.) 
755 Vincent Ave., Bronx, N. Y. 

Hunsaker, Ben D. (1D), Welder & Machinist, 
B. F. Linton; (Res.) 901 N. Stevenson St., 
Visalia, Calif. 

Hunt, D. B. (B), President, D. B. Hunt 
Welding Engineering Co., 484 Brentwood 
Drive, N. E., Atlanta, Ga. 

Hunt, Harry B. (B), Foreman, Welding 
Dept., General American Transportation 
Corp., Box 532, Sharon, Pa. 

Hunt, Harry H. (C), Marine Engineer & 
Ship Surveyor, American Bureau of 
Shipping, Mercantile Trust Bldg., Balti- 
more, Md. 

Hunt, John H. (B), Coordinator Welding 
Design, Combustion Engineering Co., 
Inc., 200 Madison Ave., New York, N. Y. 

Hunt, Lendon (C), 424 Castro, Norman, 
Okla. 

Hunt, S. D. (B), Vice-President, Moorlane 
Co., P. O. Box 1679, Tulsa, Okla. 

Hunter, J. R. (B), Manager, Welding Section, 
Revere Copper and Brass Inc., Research 
& Development Dept., Rome, N. Y. 

Hunter, R. C., Jr. (D), Asst. Foreman, 
American Transformer Co.; (Res.) 107 
Halsey St., Newark, N. J. 

Huntley, W. B. (C), Vice-President, Brace 
Mueller Huntley Inc., 315 Hollenbeck 
St., Rochester, N. Y. 

Hurd, James L. (C), Owner, Guaranteed 
Welding; (Res.) Mahoning Ave., Ext., 
Warren, Ohio. 

Hurst, W. I. (C), Supervisor, American 
Thermometer Co., 2917 Clark Ave., St. 
Louis, Mo. 

Hurt, Samuel C. (C), Chief Welding In- 
structor, Consolidated Steel Corp., Ltd.; 
(Res.) 2113 Rockhold Ave., Rosemead, 
Calif. 

Husaczka, Stephen (C), Leadingman Welder, 
New York Navy Yard, N. Y.; (Res.) 
7018—53rd Rd., Maspeth, Long Island, 

N. Y. 

Huse, Harold M. (C), Engineer, Electro 
Metallurgical Co., Niagara Falls, N. Y. 
Hussion, William (C), Welding Instructor, 
Opportunity School; (Res.) 2225 Gaylord 

St., Denver, Colo. 

Hutchings, Chas. R. (C), Draftsman, 
Kansas City Structural Steel Co.; (Res.) 
3319 Met. Ave., Arg. Sta., Kansas City, 
Kan. 

Hutton, Lyle P. (C), Welding Engineer, 
Welding Sales & Engineering Co., 8750 
Grinnell, Detroit, Mich. 

Hutton, Walter C. (C), Combination Welder, 
Southern Counties Gas Co.; (Res.) 1245 
Neola St., Los Angeles, Calif. 

Hutzen, Charles H. (D), Aircraft Welder, 
Vega Aircraft Corp.; (Res.) 109 W. 
Alameda, Burbank, Calif. 

Hyler, Loiell L. (C), Chief Engineer, R. G. 
Le Tourneau, Inc., Peoria, Ll. 
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Iannetti, Armand (C), Welding Instructor, 
Philadelphia Navy Yard; (Res.) 2644 Ger- 
ritt St., Philadelphia, Pa. 

Iglewitz, Meyer (1D), Welder, Market Auto 
Body; (Res.) 53 Homestead Park, New- 
ark, N. J. 
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Igoe, John W. (D), Welder, Federa! Ship- 
building Corp.; (Res.) 144 De Kalb Ave 
Jersey City, N. J. . 

Iiderton, Augustus A. (B), Quarterman 
Welder, U.S. Navy Yard, 13 Seminol, St 
Charleston, 8. C. 

Imes, R. H. (A), Manager of Metallurgica] 
Products, P. R. Mallory & Co., Inc , 
E. Washington St., Indianapolis, Ind 

Imholz, Terence F. (C), Welding Engineer 
8S. Navy Yard, Bldg. 11, Philadelphia. 

a. 

Imperati, J. (C), Welding Engineer, Ameri- 
can Brass Co.; (Res.) 12 Mullen Rd 
West Haven, Conn. 

Ingersoll, F. Johnson (D), Production Welder 
Geo. E. Lawley & Son; (Res.) 101 Bryant 
Ave., Milton, Mass. 

Inglesby, Charles A. (B), Manager, Struc. 
tural Dept., The Steel Products Co. In; 
P. O. Box 1007, Savannah, Ga. 

Ingram, Harry L., Jr. (C), Washington Repre- 
sentative, Air Reduction Sales Co., 1823 
L St., N. W., Washington, D. C. 

Inskeep, H. V. (B), Engineer, The Linde 
Air Products Co., 686 Frelinghuysen Ave.. 
Newark, N. J. 

Ireland, B. N. (C), Welding Instructor Ex- 
celsior Technical School; (Res.) 210 E. 
Cedar, Bellflower, Calif. 

Irens, Alfred N. (B), Asst. Elect. Engineer 
Bristol Aeroplane Co., Filton House, 
Bristol, England. 

Ireton, Samuel R., Jr. (B), Engineer of Tests 
Pipe & Foundry Co., Burlington, 

Irrgang, Harry J., Jr. (B), Supt., W. K. Mit- 
chell & Co. Inec., 2940 Ellsworth St., 
Philadelphia, Pa. 

Irvin, J. L. (C), Asst. General Supt. Pipe 
Lines, Gulf Oil Corp.; (Res.) 6418 Auden 
Ave., Houston, Tex. 

Isenburger, H. R. (C), President, St. John 
X-Ray Service Corp., 30-20 Thomson Ave., 
Long Island City, N. Y. 

Isgren, Elmer (Bj, Plant Manager, R. G. Le 
Tourneau, Inc.; (Res.) 202 N. Institute 
Place, Peoria, Ill. 

Isgren, Vernon R. (B), Supt. of M79 Shot 

Dept., R. G. Le Tourneau Inc., Peoria, 

Ill. 
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Isola, George S. (D), Mechanic Welder, 
San Joaquin Div. of P. G. & E.; (Res 
247 Bonita Drive, Bakersfield, Calif. 

Isolda, Fred (1D), Welder, American Loco- 
motive Co.; (Res.) 16 Spring St., Glovers- 
ville, N. Y. 

Itkonen, John (ID), Welder, Garey Lighting 
Co.; (Res.) 4012 Armitage Ave., Chicago, 
Ill. 


Ivers, John M. (D), Are Welder, Baldwin 
Locomotive Works; (Res.) 1705 W. Ox- 
ford St., Philadelphia, Pa. 

Iverson, Rex C. (D), Are Welder, Crowe 
Name Plate Mfg. Co.; (Res.) 4022 N 
Mozart St., Chicago, Ill. 
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Jablonsky, Roy Donald (C), Asst Gen. Fore- 
man in Charge Aluminum Spet Welding, 
Curtiss-Wright Corp.; (Res.) 824 N. Price 
Rd., Clayton, Mo. 

Jackman, Charles H. (C), Manager Struc- 
tural & Plate Bureau, Metallurgical Div., 
Carnegie-lilinois Steel Corp., 208 S. La- 
Salle St., Chicago, Ill. 

Jackson, Clarence E. Metallurgist 
Naval Research Lab.; (Res.) 6607 Poplar 
Ave., Takoma Park, Md. 

Jackson, Earl T. (C), Welder, Independent 
Packing Co.; (Res.) 5620 Wabada Ave.. 
St. Louis, Mo. 

Jackson, Edward C. (C). Supt. of Mainte- 
nance, Southern Pacific Lines, 324 Southern 
Pacific Bldg., Houston, Tex. 

Jackson, H. A. (A), President, Jackson 
Products, 3265 Wight, Detroit, Mich. 

Jackson, Horace (B), Plant Supt., Thomp- 
son Pipe & Steel Co., 3001 Larimer St., 

Denver, Colo. 


Jackso 
Jackso 
U. 


Aud 
Jackso 
burg 
land 
Jackso 
Cate 


fers 


Jackse 
The 
Jacks« 


sun 


ag 
1 
Prices 
3 
Jacks 
: 
Jacob 
: I Os 
Mi 
Jacob 
An 
Ba: 
4 Jacol 
Mi 
Jacot 
Ha 
23: 
Mi 
Jacol 
q ne 
R 
: 
he 
< 
E 
an 
re 
Jat 
. 
| Ja 
7 t 
Ja 
Ja 
Ja 


Jackson, J. Harry (1)), 1583 Perry St., Co- 
lumbus, Ohio. 


Jackson, Jarvis L. (D), Welding Operator, 
S. Vet. Adm., 16 Cardinal Court, 
Audubon, N. J 

Jackson, J. O. (B), Chief Engineer, Pitts- 
burgh Des Moines Steel Co., Neville Is- 
land P. O., Pittsburgh, Pa. 

Jackson, K. H. (B), Training Supervisor, 
Caterpillar Tractor Co.; (Res.) 307 Jef- 
ferson St., Washington, IIl. 

Jackson, L. F. (B), Sales Representative, 
The Linde Air Products Co., 441 Stuart 
St., Boston, Mass. 

Jackson, T. M. (A), Electrical Engineer, 
Sun Shipbuilding & Dry Dock Co., Chester, 
Pa. 

Jackson, Walter P. (DD) Welder, D. Macauley 
& Son; (Res.) 77 Howard St., Revere, 
Mass. 

Jacob, F. B. (C), District Manager, Smith, 
Booth Usher Co., 2001 Santa Fe Ave., 
Los Angeles, Calif. 

Jacobs, Butler W. (C), Welder, Bucyrus 
Erie Co.: (Res.) 409 Marshall Ave., South 
Milwaukee, Wis. 

Jacobs, Howland D. (1D), Machine Welder, 
American Locomotive Co.; (Res.) Smith’s 
Basin, N. Y. 

Jacobsen, Joe M. (1D), Welder, Norther 
Pump Co.; (Res.) 2901 Girard Ave., S., 
Minneapolis, Minn. 

Jacobson, Henry E. (ID), Combination Welder, 
Hankee James Construction Co.; (Res.) 
233 Oak Grove, Apt. 307, Minneapolis, 
Minn. 

Jacobsson, Wilgot J. (B), Development Engi- 
neer, The Linde Air Products Co., 686 
Frelinghuysen Ave., Newark, N. J. 

Jacobus, David S. (B), Retired, Babcock & 
Wileox Co.; (Res.) 93 Harrison Ave., 
Montclair, N. J. 

Jacoby, George A. (B), Welder, Cincinnati 
Milling Machine Co.; (Res.) 1743 S. 
Derexa Drive, Hamilton, Ohio. 

Jaeger, George ((), Salesman, New England 
Gas Products Ine.: (Res.) 47 Rosalind 
Rd., North Weymouth, Mass. 

Jakomowicz, John W. (C), Welder, White- 
head & Kales; (Res.) 1939 Eveline, Ham- 
tramek, Mich. 

Jakopac, Evan (€), Welding Instructor, 
School of Vocational & Adult Education, 
Sheboygan, Wis. 

James, Alvah L. (C), Equipment Supt., 
Cuyahoga County Engineer; (Res.) 9403 
Easton Ave., Cleveland, Ohio. 


James, Charles H. ((), General Welding 
Supervisor, American Locomotive Co., 
Dunkirk, N. Y. 

James, Emmett T. ((), Welder, Jos. E. 
Seagram & Co.: (Res.) Rockford Lane, 
Shively, Ky. 

James, Louis (©), Welding Research Engi- 
neer, Bell Aircraft Corp.; (Res.) 2050 
Elmwood Ave., Buffalo, N. Y. 

James, Paul W. (C), Sales Engineer, Lin- 
coln Electric Co., Cleveland, Ohio. 


Jameson, William S. (C), Captain (R. N.), 
Assistant Naval Attache, British Embassy, 
Washington, D. C. 


Janaro, Frank (1D), Are Welding Trainee, 
Bloomfield Vocational School; (Res.) 121 
Washington Ave., Little Ferry, N. J. 


Janda, Frank (C), Foreman of Sheet Metal 
Dept., General Elect. X-Ray Corp., 2012 
Jackson Blvd., Chicago, Ill. 

Jankoski, Clarence (ID), Assembler, 1621 
Wolfram St., Chicago, TI. 

Jankoski, Stephen J. (D), Electric Welder, 
Baldwin Locomotive Works: (Res.’ 411 
Ward St., Chester, Pa. 

Janovsky, F. (B), Engineer, Fabricated Steel 
res Co., P. O. Box 393, Germiston, South 
Africa. 


Jansen, John (C), Welder, R.C.A. Mfg. Co.; 
Res.) 7211 Charles St., Philadelphia, Pa. 

Jansen, Richar1 M. (1D), Welder, Southwest 
Welding & Mfg. Co.; (Res.) Box 572, Al- 
hambra, Calif. 


Jansen, Walter R. (C), Time Analysis 
Welding Dept., Northern Pump Co.; 
(Res.) Rt. 5, Como Sta., St. Paul, Minn. 

Jansson, John H. (C), Supervising Engineer, 
General Electric Co.; (Res.) 692 Larch 
Ave., Teaneck, N. J. 

Jarman, William (D), Welder, Cause Labs.; 
(Res.) 189 Watson Ave., W. Orange, N. J. 

Jarms, J. J. (D), Welder, Great Lakes Engi- 
neering Works; (Res.) 2203 Walnut Blvd., 
Ashtabula, Ohio. 

Jarvinen, Anre A. (C), Accounting, Bethle- 
hem Sparrows Point Shipyard Inc., 6802 
Rivedrive Rd., Sparrows Point, Md. 

Jaskulek, Robert (C), Secretary, Burdett 
Oxygen, 3470 Washington Blvd., Cleve- 
land, Ohio. 

Jasmine, Joseph J. (1D), Supervisor, Federal 
Ship Building & Drydock Co.; (Res.) 209 
Union St., Lodi, N. J. 

Jatzek, H. A. (C), Asst. Boiler Shop Foreman, 
Standard Oil Co. of Ohio, No. 1 Works, 
2735 Broadway, Cleveland, Ohio. 

Jauch, Carl (C President, The Dayton 
Fabricated Steel Co., 1300 E. Monument 
Ave., Dayton, Ohio. 

Jay, Eugene W. (C), Welding Foreman, 
Englewood Arsenal; (Res.) 4427 Frederick 
Ave., Baltimore, Md. 

Jefferson, John A. (B), Manager, A. F. 
Robinson Boiler Works, 200 Second Ave., 
Cambridge, Mass. 


Jefferson, Reginald L. (B), Welding Super- 
visor, Los Angeles Shipbuilding Dry Dock 
Co., General Delivery, Long Beach, Calif. 


Jefferson, T. B. (B), Editor, The Welding 
Engineer Publishing Co., 506 S. Wabash 
Ave., Chicago, Il. 

Jeffrey, Alex, Jr. (DD), Pipe Welder, Consoli- 
dated Steel Corp. Ltd.; (Res.) 1833 Palm 
Drive, Hermosa Beach, Calif. 

Jeffries, W. J. (C), Chief Engineer, Philadel- 
phia Ordnance District, U.S.A. Mitten 
Bldg., Philadelphia, Pa.; (Res.) New 
Ardmore Ave., Newtown Square, Pa 

Jelinek, Joe (B), Timestudy Engineer, St. 
Paul Hydraulic Hoist Co., 2207 Univer- 
sity Ave., 8S. E., Minnespolis, Minn. 

Jenal, Alfred (ID), Welder, General Foods 
Co.; (Res.) 48-——63rd St., West New York, 
N. J. 


Jenkins, Alexander F. (B), President & 
Treasurer, Alex. Milburn Co., 1416-28 W. 
Baltimore St., Baltimore, Md. 


Jenkins, Don S. (C), Manager, Acetylene 
Co. of Utah; (Res.) 352 W. 5th North St., 
Salt Lake City, Utah. 

Jenkins, Ralph S. (B), Vice-President & 
General Manager, Gar Wood Industries 
Inc.; (Res.) 14918 Freeland Ave., Detroit, 
Mich, 


Jenkins, Robert Jay (1), Pipefitter, Navy 
Yard: (Res.) 1869 Sandalwood Court, 


Norfolk, Va. 

Jenkins, William W. (B), Welding Engineer, 
Tri-State Welding School: Res.) 110 
Washington Ave., Lockland, Ohio. 

Jenks, Col. Glen F. (B), Taylor-Winfield 
Corp., Warren, Ohio. 

Jennings, Chas. H. (B), Research Engineer, 
Westinghouse Electric & Mfg. Co., Re- 
search Labs., East Pittsburgh, Pa. 

Jensen, Arnold C. (DD), U.S. Naval Inspector; 
(Res.) 8445 Luella Ave., Chicago, Ill. 

Jensen, Cyril D. (C), Welding Engineer, 

J. S. Naval Eng. Experiment Station, 
Annapolis, Md. 

Jensen, Harold A. (1D), Welding operator, 
General Electric Co.; (Res.) 901 Fourth 
St., Liverpool, 

Jensen, Holger (A), Manager, Maryland 
Casualty Co., 701 W. 40th St., Baltimore, 

d. 

Jensen, John (D), Welder (Electric), Van 
Alst Metal Works; (Res.) 142-10 N. 
Hempstead Turnpike, Flushing, N. Y. 

Jensen, Robert F. (1D), Welder, American 
Locomotive Co.; (Res.) 119 Balltown Rd., 
Schenectady, N. Y. 
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Executive, Jen- 
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Jentsch, Frederick P. (B 
tsch & Co., 200 S. Park Ave 

Jerabek, T. E. (C), Metallurgist, Lincoln 
Electric Co.; (Res.) 25394 Chardon Rd., 
Euclid, Ohio. 

Jesionowski, Richard A. (C), Welding Fore- 
man, American Locomotive Co.; (Res.) 
66 W. Doughty St., Dunkirk, N. Y 

Jespersen, V. C. (C), Welding Specialist, 
International General Electric Co., Sche- 
nectady, N 

Jesee, Arthur E. (C), Fiela Engineer, Tide 
Water Associated Oil Co., Associated, 


Calif. 
Jewett, Walter Leroy (B), Avst. to General 
Manager, Progressive Welder Co.; (Res.) 


25705 York St.. Huntington Woods, Mich 

Jinks, L. Raymond (1), Are & Acetylene 
Welder, John Deere Harvester Works; 
(Res.) Sherrard, Ill. 

Johansen, E. B. (B), Mech. Engineer, Dept. 
of Water & Power Co Res.) 6100 Bar 
rows Drive, Los Angeles, Calif 

Johansen, E. K. (B), Chief Engineer, Clear- 
ing Machine Corp.; (Res.) 1111 Edner, 
Oak Park, Ill. 

Johanson, Henry (1)), Welding Operator, 
R.C.A. Mfg. Co., Radio Iron Div., Har- 
rison, N. J. 

Johanssan, Nils (1D), Welder, 75 Lawrence 
Ave., North Orange, N. J 

John, Gus (C), Welder, Ravenna Ordnance 
Plant for Ironworkers; (Res.) 7913 Platt 
Ave., Cleveland, Ohio 

Johns, M. E. (D . Welder, Reed Roller Bit 
Co.; (Res.) 7319 Narcissus, Houston, Tex 

Johnson, Amos R. (C), Welding Supervisor, 
Dunwoody Industrial Inst Res.) 3708 
46th Ave., 8., Minneapolis, Mint 

Johnson, Ashmore C. (A), Vice-President, 
Downingtown [ron Works, Downingtown, 


Pa. 
Johnson, Caleb C. (€), Chief Inspector 
Electric Machinery Mig Co.; 2410 


Johnson St., N. E Minneapolis Minn 
Johnson, Carl C. (©), Assoc. Professor, Wor- 
cester Polytech Inst.. Worcester Mass 
Johnson, Charles (©), Marine Draftsman, 
George G. Sharp Res.) 175—68th St., 
Brooklyn, N. Y. 

Johnson, Clifford H. (1), Supervising Welder, 
Bethlehem Steel Co Res.) 30 Whitney 
Rd., Quincy, Mass. 

Johnson, C. W. (B), Manager, Harris Calo- 
rific Co., 619 W Washington Blvd., 
Chicago, Ill. 

Johnson, David (CC Welding Foreman, 
Butler Mfg Co tes S013 25th Ave., 
S., Minneapolis, Minn 

Johnson, Frank O. (Bb Boiler Engineer, 
Ocean Accident & Guarantee Corp.; (Res.) 
704 Atlas Life Bldg., Tulsa, Okla 

Johnson, George E. (©), Supervisor (Naval), 
Federal Shipbuilding & Drydock Co.; 
(Res.) P. O. Box 87, Whitehouse, N. J 

Johnson, George R. ((), Philadelphia Dis- 
trict Manager, The Lincoln Electric Co., 
401 N. Broad St., Philadelphia, Pa 

Johnson, Gustave (C), Service Supervisor, 
Applied Engineering Dept Air Redue- 
tion Sales Co., 81S W Winnebago St., 


Milwaukee, Wis 


Johnson, Hugo E. ((), Development Engi- 
neer, Carnegie-Illinois Steel Corp., Tech- 
nical Development Div Pittsburgh, Pa. 

Johnson, Jasper (1) Welder, Eastman 
Kodak Co.; (Res.) 165 Hedgegarth Drive, 
Rochester, N. Y. 

Johnson, John A. (C), Asst. Mech. Elect 
Engineer, Chicago Bridge & Iron Co., 
1305 W. 105th St., Chicago, II! 

Johnson, J. H. (B), President, Johnson 
Supply Co., 1414 Wazee St., Denver, Colo 

Johnson, Leon H. (A), Chief Engineer, 
Struthers Wells-Titusville Corp., Warren, 
Pa. 

Johnson, Lloyd C. (C), Assistant Foreman of 
Welding Dept., Baldwin Locomotive 
Works: Res 16 Pleasant Hill Rd 


Springhaven Estates, Chester, Pa 
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Johnson, O. Byron (D), Welder, 72 N. Main 
St., Pittsford, N. Y. 

Johnson, Ralph F. (C), Gang Foreman, 
Pennsylvania R. R.; (Res.) 1775 Bide-A- 
Wee Park, Columbus, Ohio. 

Johnson, Roy F. (B), Engineer of Research, 
Pullman Standard Car Mfg. Co., 79 E. 
Adams St., Room 703, Chicago, Il. 

Johnson, Russell A. (C), Research Engineer, 
Anthony Co. Inc., Streator, Ill. 

Johnson, Victor J. (C), Jr. Engineer, Panama 
Canal, Box 275, Diablo Heights, Canal 
Zone. 

Johnson, Wallace C. (B), Development Con- 
struction Engineer, 20—lith Ave., 8., 
Birmingham, Ala. 

Johnson, William E., Jr. (D), Elect. Are 
Welder, Baldwin Locomotive Works; 
(Res.) 532 Harper Ave., Drexel Hill, Pa. 

Johnson, W. E. (C), Mechanical Engineer, 
Dorr Co. Inc., Westport, Conn. 

Johnston, Archibald (B), A. P. Johnston, 
1845 E. 57th St., Los Angeles, Calif. 

Johnston, Bruce (B), Engineer, Bureau Yards 
& Docks, U. 8. Navy Dept.; (Res.) 8415 
Woodcliff Court, Silver Spring, Md. 

Johnston, C. W. (C), Asst. Welding Supt., 


California Shipbuilding Corp.; (Res.)"5915 - 


Fishburn, Huntington Park, Calif. 

Johnston, M. James (C), Supt. Welding & 
Elect. Div., Murray Corp. of America; 
(Res.) 6559 Calhoun Ave., Dearborn, Mich. 

Johnston, Robert (C), Chief Engineer, Hono- 
lulu Plantation Co., P.O. Box 187, ATEA, 
Oahu, T. H. 

Johnston, Robert S. (B), 8025 Eastern Ave., 
Apt. 201, Silver Springs, 

Johnston, W. H. (B), President, Fraser & 
Johnston Co., 725 Potrero Ave., San_Fran- 
cisco, Calif. 

Johnston, Wilber R. (F); (Res.) 4144 Haver- 
hill Rd., Detroit, Mich. 

Johnston, Wilbur R. (C), Plant Supervisor, 
Welding Engineer, Central Boiler Works; 
(Res.) 4144 Haverhill Rd., Detroit, Mich. 

Johnstone, R. A. (B), Dist. Manager, The 
Bastian Blessing Co., % James J. Gavigan 
Co., 118 E. 27th St., New York, N. Y. 


Jones, A. B. (B), Asst. Foreman, Welding 
Dept., Jeffrey Mfg. Co.; (Res.) 1459 W. 
6th Ave., Columbus, Ohio. 

Jones, Clifford B. (ID), Machinist . Welder, 
Panama Canal, Box 196, Pedro Miguel, 
Canal Zone. 

Jones, Don L. (C), Partner, Jones-Sylar 
Supply Co., Box 4037, Chattanooga, Tenn. 

Jones, Dwane H. (D), Welder, Black, Sivalls 
Inc.; (Res.) 1901 Monroe St., Kansas 
City, Mo. 

Jones, Earl J. (C), Welding Foreman, Ameri- 
can Rolling Mill Co.; (Res.) 2228 Central 
Ave., Middletown, Ohio. 

Jones, Ed C. (C), Shop Supt., Wyatt Metal 
& Boiler Works, Box 3052, Houston, Tex. 

Jones, Edwin R. (C), Salesman, Allan‘Iron 


& Welding Works, Inc., 133 Murray St., 
Rochester, N. Y. 


Jones, F. (B), Owner, F. Jones Welding Shop, 
245 Buttonwood St., Reading, Pa. 


Jones, H. Frank (C€), Welding Supervisor, 
Worthington Pump & Machinery Corp., 
Appleton St., Holyoke, Mass. 


Jones, Frank A. (B), Chief Design Engineer, 
K:nterprise Wheel & Car Corp.; (Res.) 60 
Wall St., Bristol, Conn. 


Jones, Guy D. (B), Plant Engineer, Pitts- 
burgh Piping & Equipment Co.; 10—43rd 
St., Pittsburgh, Pa. 

Jones, H. O. (C), Welding Engineer & Dis- 
trict Supervisor, The Air Reduction Sales 
Co.; (Res.) 127 Lonsdale Ave., Dayton, 
Ohio. 

Jones, Homer W. (B), Development Supt., 
The Linde Air Products Co., 686 Fre- 
linghuysen Ave., Newark, N. J. 

Jones, Howard S. (C), Welder, Colgate- 


Paimolive-Peet Co.; (Res.) 1427 N. 29th, 
Kansas City, Kan 
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Jones, James (C), Welder, Grinnell Co.” 
(Res.) 1340 Patchen Ave., Warren, Ohio. 

Jones, James E. (C), Sales Manager, Una 
Welding Inc., 1615 Collamer Ave., Cleve- 
land, Ohio. 

Jones, James Lloyd (B), Foreman, Sheet 
Metal Dept., Falk Corp.; (Res.) 2866 N. 
Murray Ave., Milwaukee, Wis. 

Jones, Jonathan (C), Chief Engineer, Beth- 
lehem Steel Co., Bethlehem, Pa. 

Jones, L. E. (C), Instructor, Mech. Engineer- 
ing Dept., W. Virginia Univ., Morgantown, 
W. Va. 

Jones, Lowell L. (B), Welding and Electrical 
Engr., Kawneer Co.; (Res.) River Bluff, 
Niles, Mich. 

Jones, Loyal R. (D), Welder, York Safe & 
Lock Co.; (Res.) Maryland Line, Md. 
Jones, Rhys P. (C), Instructor, U. 8. Army 
Air Corps, Rising Sun School of Aeronau- 

tics, Philadelphia; (Res.) Pineville, Pa. 

Jones, Ronald A. (C), Welding Engineer, 
The Dow Chemical Co., 405 E. Ellsworth 
St., Midland, Mich. 

Jones, Russell Eugene (C), Chief Engineer, 
Birmingham Tank Co., Div. of Ingalls 
Iron Works; (Res.) 1136—10th Place, S., 
Birmingham, Ala. 

Jones, Russell E., Jr. (C), Welder, Ingalls 
Iron Works; (Res.) 1136-—10th Place, 5S., 
Birmingham, Ala. 

Jones, S. O. (B), Welding Engineer, New- 
»0rt News Shipbuilding & Dry Dock Co., 
News, Va. 

Jones, Sherman B. (D), Welder, Baldwin 
Locomotive Co.; (Res.) 2104 8. State St., 
Media, Pa. 

Jones, T. A. (C), Proprietor, Arcway Equip- 
ment Co., 3717 Filbert St., Philadelphia, 
Pa. 

Jones, T. Embury (C), Vice-President & 
Asst. General Manager, Federal Machine 
& Welder Co.; (Res.) 2954 E. Market 
St., Warren, Ohio. 

Jones, W. T. (C), Welding Leaderman, 
Bethlehem Steel Co.; (Res.) 100 Cayuga 
Ave., San Francisco, Calif. 

Jones, Wm. A. (C), Welding Supervisor, 
Murray Corp. of America; (Res.) 4244 
Nellie St., Dearborn, Mich. 

Jones, William B. (D), Electric Welder, R. 
G. Le Tourneau Corp.; (Res.) 106 Ander- 
son St., East Peoria, Ill. 

Jones, William John (C), Owner, Haller 
Welding Schogl, 520-522 Bergen St., 
Brooklyn, N. Y. 

Jordan, T. A. (C), Asst. Div. Engineer, 
American Bridge Co., 208 S. LaSalle St., 
Chicago, Ill. 

Jordan, W. H. (C), Engineer, Taylor-Win- 
field Corp.; (Res.) 907 Adelaide, 8S. E., 
Warren, Ohio. 

Jorgensen, Newell (D), Set-Up Man, Har- 
nischfeger Corp.; (Res.) 2032 N. 49th St., 
Milwaukee, Wis. 

Jorgensen, Thomas (D), Electric Welder, 
Anderson’s Machine Shop, 401 N. Rio 
Grande Ave., Wildwood, N. J. 

Jorstad, Henry C. (B), Electrical & Mechani- 
cal Engineer, Mackworth G. Rees, Inc., 
626 Harper, Detroit, Mich. 

Josenhans, John F. (D), Welder, United 
Specialties Co.; (Res.) 11512 Wallace St., 
Chicago, Ill. 

Josephian, Wm. (C), Pacific Oxygen Co., 
2205 Magnolia St., Oakland, Calif. 


Joslin, Joseph W. (D), Electric Welder, 
Ie er Co.; (Res.) Cole Rd., Pittsford, 
N. Y. 


Joslyn, W. M. (C), Welder, Anchor Welding 
Works; (Res.) 171 Brookline St., Cam- 
bridge, Mass. 

Joyce, Edward M. (C), Western Sales Man- 


ager, Champion Rivet Co., East Chicago, 
Ind. 


Joyce, Edwin (C), Asst. Adm. Natl. Emer. 
Steel Spec., War Production Board, 27 8. 
Park Drive, Arlington, Va. 

Joyce, William H. (C), Sales Engineer, Ho- 
bart Welder Sales & Service, 170 Russ St., 
San Francisco, Calif. 
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Judd, Robert S. (F), Polytechnic Inst. of 
Brooklyn; (Res.) 178-14—120th Ave 
St. Albans, L. I., N. Y. “- 

Judelsohn, Fred (C), Supervisor, Applied 
Engineering Dept., Air Reduction Sales 
Co.; (Res.) 200 Weldy Ave., Oreland, Pa. 

Jud e, Alfred M. (C), Welding Supery sor, 
Murray Corp. of America; (Res.) 5237 
Williamson Ave., Dearborn, Mich. 

Judge, J. D. (B), Drum Shop Foreman, 
Babcock & Wilcox Co., Barberton, Ohio 

Juergens, Wilbur A. (B), Purchasing, Ma- 
chinery & Welder Corp., 700 S. Spring St.. 
St. Louis, Mo. 

Jugovich, Michael (D), Welder, Tietjen & 
Lang Dry Dock Co.; (Res.) 309—3rd st. 
Hoboken, N. J. 

Julien, A. Reid (C), Sales Manager, Stuart 
Oxygen Co., 5700 S. Alameda St., Los 
Angeles, Calif. 

Jurkat, Gerhard (D), Arc Welder, The Arkay 
oi (Res.) 801—87th St., North Bergen, 


K 


Kaar, Paul H. (C), Civil Engineer, Panama 
Canal, P. O. Box 45, Diablo Heights, Canal 
Zone. 

Kachur, George (C), Welding Leaderman, 
Cramp Shipyard; (Res.) 821 E. Girard 
Ave., Philadelphia, Pa. 

Kadis, Simon (F), 67 W. 10th Ave., Colum- 
bus, Ohio. 

Kadlecik, Paul (D), Welder, Dispatch Shops; 
(Res.) Washington & Swan St., East Roch- 
ester, N. Y. 

Kahn, Walter C., Jr. (C), Metallurgist, 
Republic Aviation Corp.; (Res.) 820 
Park Ave., New York, N. Y. 

Kalix, Robert L. (B), Kalix Welding School, 
439 N. 11th St., Philadelphia, Pa. 

Kaminski, Edward (C), Leadman-Aluminum 
Spotwelding, Vega Aircraft Corp., Plant 
No. 2; (Res.) 466'/: E. Palm Ave., Bur- 
bank, Calif. 

Kamschulte, E. J. (B), 5701!/: Virginia Ave., 
Hollywood, Calif. 

Kandel, Charles (B), President, Craftsweld 
Equipment Corp., 2626 Jackson Ave., 
Long Island City, New York. 


Kane, Gordon (B), F. L. Heughes & Co., 
1029 Lyell Ave., Rochester, N. Y. 


Kane, J. J. (B), President, Kane Boiler 
Works Inc., 2715 Ave. C, Galveston, Tex. 

Kapinos, John (C), Engineer, in charge of 
Welding Inspection, Worthington Pump 
& Machinery Corp.; (Res.) 3 Huntington 
Ave., Chicopee Falls, Mass. 

Karlson, Oscar (D), Heater & Burner, 
Federal Shipbuilding and Drydock Co.; 
(Res.) 973 Aldus St., Bronx, N. Y. 

Karnes, N. J. (C), Welder, N. J. Karnes 
Welding Service; (Res.) 3745 Randolph, 
Huntington Park, Calif. 


Kartak, Mary (C), Librarian, Marquette 
University, College of Engineering, Mil- 
waukee, Wis. 


Kasper, George (D), Welder Bayonne 
Associates; (Res.) 7822—79th Lane, 
Glendale, L. I., N. Y. 


Kassmann, Charles J. (C), Ironworker & 
Welder, F. L. Heughes & Co.; (Res.) 849 
Thurston Rd., Rochester, N. Y. 


Kastman, Lawrence L. (C), Construction 
Welder-Fitter, Henry Pratt Co.; (Res.) 
500 Kraker Ave., Joliet, Lil. 

Katchen, Alex (C), Secretary, Sales Dept 
Irvington Steel & Iron Works, 487-493 
Lyons Ave., Irvington, N. J. 

Kauffman, Galen (D), Welding Operator 
New Holland Machine Co.; (Res.) 145 
W. Franklin St., New Holland, Pa. 


Kauffman, William H. (B), Sales Engineer, 
Williams & Co.; (Res.) 4521 Stanton Ave.. 
Pittsburgh, Pa. 

Kauffmann, Eugene A. (B), Welding Engineer 
Gallen Welding Works, 9-11 N. Wash- 

ington St., Rochester, N. Y. 
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Brooklyn 


Kaufman, Leonard (D), Welder, 
Navy Yard; (Res.) 12 Willoughby Ave., 
Brooklyn, N. Y. 

Kaukeinen, ‘R. M. (C), Welder, N.Y.C. 
> R. Co.; (Res.) 171 Sly Ave., Corning, 


Kaunitz, Clyde F. (B), Vice-President, 
Nat onal Electric Welding Machines Co., 
Bas y, Mich. 

Kay, con L. (C), 3301 St. Paul St., 
Baltimore, Md. 

Kearns, William H. (F), Student, Ohio 
Sta University; (Res.) 3057 Sunset 
Drive, Columbus, Ohio. 

Keating, Leonard M. (B), Manager Special 
Products Div., A. O. Smith Corp., Mil- 
waukee, Wis. 

Keene, Leslie S. (C), Foreman Welder, 
Pennsylvania Water & Power Co.; (Res.) 
435 N. Charlotte St., Lancaster, Pa. 

Kehl, R. J. (B), The Linde Air Products Co., 
30 E. 42nd St., New York, N. Y. 

Keir, James M. (C), Welding, The Linde 
Air Products Co., Rm. 407, 30 E. 42nd 
St., New York, N. Y. 

Kelker, David R. (F), 1133 N. Clark, Detroit, 
Mich. 

Kelker, John W., Jr. (F), 132 N. Charles 

, Lima, Ohio. 

Keller, R. J. (C), Production Engineer, 
\. O. Smith Corp.; (Res.) 4869 N. 52nd 
St., Milwaukee, Wis. 

Keller, Sterling (C), Foreman, Boyertown 
Auto Body Works, Inc., Boyertown, Pa. 
Kelley, John (C), Vulcan Copper & Supply 
Co.; (Res.) 3360 Hillside Ave., River- 

side, Cincinnati, Ohio. 

Kellogg, Edward K. (B), Manager, Hemp- 
hill Schools, Ine., 3128 Queens Blvd., 
Long Island City, N. Y. 

Kellogg, Harold V. (C), Welder, Studebaker 
Corp., Aviation Div.; (Res.) 6203 8. 
Seeley Ave., Chicago Il ll. 

Kells, T. Gilbert (C), Welding Engineer, 
The Anthony Carlin Co., 2717 E. 75th 
St., Cleveland, Ohio. 

Kelly, John Howard (1D), Welder Foreman, 
agg Steel & Iron Co., Box 487, Bristol, 

a. 

Kelly, Joseph J. (B), Welding Engineer, 
Lincoln Electric Co. of Canada Ltd., 
Haymarket Square, Hamilton, Ontario, 
Canada. 

Kelly, Robert M. (D), Welder, AAA Air 
Condt. Corp.; (Res.) 1133 8S. Brighton, 
Dallas, Tex. 

oe W. J. (B), Supt. Marine Ways, Pitts- 
burgh Coal Co., Elizabeth, Pa. 

Kelsey, Howard C. (B), Vice-President, 
Machinery and Welder Corp.; (Res.) 
2720 Farnam, Davenport, Iowa. 

7 Walter (B), Hotel Gayoso, Memphis, 

enn. 

Kelso, George W. (C), 295 East Washington 
Ave., Bridgeport, Conn. 


Kemerer, Archie (B), Elliott Co., Jeannette, 
a. 


Kemm, Harold (C), Experimental Dept., 
National Electric Welding Machines Co., 
254 Lagoon Beach Drive, Bay City, Mich. 

Kemper, Luther H. (C), Welding Supervisor, 


Frick. Co.; (Res.) 109 Fairview Ave., 
Wayne -sboro, Pa. 


Kenck, R. C. (ID), Welder, Augusta, Mont. 


Kendoll, Martin (D), ~~ Road Valley 
Cottage, New York, 


Kennedy, A. M. (B), Coke & 
Iron Co., Box 1645, Pittsburgh, Pa. 

Kennedy, Clarence J. (C), Plant Engineer, 
American Bridge Co. . Gary, Ind. 

ee R. E. (C), 120 Cabrini Blvd., New 
York, N. Y. 

Kenney, cnet T. (B), Vice-President & 
General Manager, The United Welding 
Co., Middletown, Ohio. 

Kennon, Lorenzo (B), Welding Engineer, 
Master Mechanic, Willys Overland 
Motors, Inc.; (Res.) 2436 Central Ave., 
Apt. 32, Toledo, Ohio. 


Kenny, Louis T. (B), President, Kenny 
Boiler & Mfg. Co., 423 E. 6th St., St. 
Paul, Minn. 

Kenny, Philip 3. (A), Vice-President & 
Secretary, Kenny Boiler Mfg. Co., 423 E. 
6th St., St. Paul, Minn 

Kenrick, Ralph S. (C), Development En- 
gineer, Pullman Standard Car Mfg. Co., 
Wabash Ave. & Sth St., Michigan City, 
Ind. 

Kenworthy, J. W. (C), 
Mack Mfg. Co.; 
Allentown, Pa. 

Keogh, Anthony F. (C), President & General 
Manager, Sound Welding Inc. 2650 Park 
Ave., New York, N. » 

Kephart, H. K. (DD), Electric Welder, General 
Electric Co.; (Res.) 2222 Wagner Ave., 
Erie, Pa. 

Keplinger, John C. (A), Vice-President, 
Hercules Motors Corp., Canton, Ohio. 
Kerbey, Eric A. (B), Midwest Piping & 

Supply Co., Inc., St. Louis, Mo. 

Kerchner, C. E. Lewis (B), Service Engineer, 
Southern Oxygen Co., Inc.; (Res.) 290 W. 
Cottage Place, York, Pa. 

Kerr, Edward J. (C), Fitter, Lewis Welding 
& Engineering C orp ; (Res.) 10721 Hath- 
away Ave., Cleveland, Ohio 

Kerr, S. Logan (B), Engineer, United En- 
gineers & Constructors Inc., 1401 Arch 
St., Philadelphia, Pa. 

Kerr, Wm. E. (B), Vice-President, Penn. 
Transformer Co., SO8 Ridge Ave. 
Pittsburgh, Pa. 

Kerry, Frank George (B), Engineering Dept., 
Canadian Liquid Air Co. Ltd., 1111 
Beaver Hall Hill, Montreal, Que., Canada. 

Kersey, Charles R. (D), Electric Operator, 
Youngstown Welding & Engineering Co.; 
(Res.) 191 Idaho Rd., Youngstown, Ohio. 

Kessler, Forrest W. (C), Salesman, The 
Lincoln Electric Co., 1904 Parkway Drive, 
Cleveland Heights, Ohio 

Kessler, Frank E. (B), Welding Supervisor, 
National Defense Are Welding School; 
(Res.) G-2188 Red Arrow Rd, Flint, 
Mich. 

Ketchbaw, Thomas D. (B), General Man- 
ager & Proprietor, Industrial Welding & 
Testing Lab., 224 Hamilton St., Houston, 
Tex. 

Ketchum, M. S., Jr. (B), Asst. Professor of 
Structural Engineering, Case School of 
Applied Science, Cleveland, Ohio. 

Kete, Louis J. (C), Development Engineer, 
The Linde Air Products Co.; (Res.) 810 
N. Broad St., Elizabeth, N. J. 


Keyes, J. W. (C), Salesman, Weldit Acety- 
lene Co., 638 Bagley Ave., Detroit, Mich. 
Keys, Charles V. (C), Foreman, G. & W. 
Electric Speciality Co.; (Res.) 635 E. 100th 

Place, Chicago, Ill. 

Keyser, Cares C. (B), Welding Supervisor, 
Bethlehem Steel Co., Steelton Plant; 
(Res.) 115 W. Main St., Shiremanstown, 
Pa. 

Kice, Murray S., Jr. (C), Chief Engineer, 
American Blower Corp., Box 58, Roose- 
velt Park Sta., Detroit, Mich. 


Kicherer, Harry J. (B), Assistant Works 
Manager, Baldwin Locomotive Works; 
(Res.) 303 Northwood Rd., Riverside, Il. 


Kick, Karl H. (C), Plant Engineer, Citizens 
Gas & Coke U tility, Prospect Street 
Plant, Indianapolis, Ind. 


Kidd, Alexander (B), Asst. Works Manager, 
The M. W. Kellogg Co., Ft. of Danforth 
Ave., Jersey City, N. J. 

Kiedrowski, Walter (B), The Falk Corp., 
2522 N. Booth St., Milwaukee, Wis. 

Kiel, John (D), Welding Operator, Federal 
Shipyard; (Res.) 210 Sunset Ave., 
Newark, N. J 

Kielb, Joseph (C), Welding Engineer, Harri- 
son Radiator Div., General Motors Corp.; 
(Res.) 1134 Bellevue Ave., Syracuse, N. Y 

Kiggins, William R. (C), Supervisor, Ele- 
ment Dept., Robertshaw-Thermostat Co., 
219 8. Third St., Youngwood, Pa. 


Welding Engineer, 
(Res.) 825 Linden St., 
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Kihlgren, Theodore E. (B 
International Nickel Co., Research Lab., 
Bayonne, N. J. 


Metallurgist, 


Kilbane, James, Je. (C Boilermaker 
Welder, Great Northern R. R.: (Res.) 
1496 Sheldon St., St Pa il, Minn. 

Kiley, Henry E. (C), Instructor in Me- 
chanical Engineering, Massachusetts Inst. 
of Technology, Cambridge, Mass 

Killa, Sebastian (C), Welding Engineer, 
Ampceo Metal Inc., 1745 8. 38th St 
Milwaukee, Wis. 

Kilroy, > A, (B), President & l'reasurer, 
The Kilroy Structural Steel Co., 13800 
Miles Ave., Cleveland, Ohio. 

Kimball, Don (A), President, The Kimball 
Safety Products Co., 7314 Wade Park 
Ave., Sta. B, Cleveland, Ohio 

Kincaid, John H. (C), Chief Engineer, 
Wellman Engineering Co., 7000 Central 
Ave., Cleveland, Ohio. 

Kinder, G. P. (C), Welder, Kansas Gas & 
Electric Co.; (Res.) 246 N. Dodge, 
Wichita, Kan. 

Kindsvater, E. F. (B), Test Engineer, 
Phillips Petroleum Co., Bartlesville, Okla. 

King, A. B. (B), Sales Manager, Alfred B. 
King & Co., Blatchley Ave. & River St., 
New Haven, Conn. 

King, Frederick J. (B), Chief Engineer, 
The Linde Air Products Co., 30 E. 42nd 

t., New York, N. Y. 

King, Harold 3. (B), Instructor, University 
of Rochester, Dept. of Engineering, 
Rochester, N. Y 

King, K. V. (A), Engineer, Standard Oil Co, 
of Calif., 225 Bush St., San Francisco, 
Calif. 

King, L. P., Jr. (B), Owner, Operator, Allen 
Welding Co., Ist Ave. & Mill St., Cora- 
opolis, Pa. 

King, Myron A. (PD), Instructor, Lincoln 
Electric Co.; (Res.) 1762 Alecoy Rd., 
Cleveland, Ohio. 

King, Robert (C), Owner, Second & Broad- 
way Welding Co.; (Res.) 115 W. 2nd Bt., 
Cincingati, Ohio. 

Kingsbury, J. A. (C), Senior Materials En- 
gineer, Washington Navy Yard; (Res.) 
5 Winston Drive, Bethesda, Md. 


Kingsley, Cecil (1D), Welder, Common- 
wealth Elect. Corp., Welland, Ont., 
Canada. 

Kinkead, Robt. E. (B), Consulting Welding 
Engineer, 3441 Lee Rd., Shaker Heights, 
Cleveland, Ohio. 

Kinkoff, Louis, Jr. (DD), Welder, Lincoln 
Electric Co.; (Res.) 1383 E. 52nd St. 
Cleveland, Ohio. 

Kinner, Jesse Earl (10), Operator, Ferro 
Concrete Const. Co.; (Res 2481 Paris 
St., Cincinnati, Ohio 

Kinser, Roy (C), Shop Inspector, Wyatt 
Metal & Boiler Works, Box 3052, Houston, 
Tex. 

Kinzel, Dr. A. B. (B), Chief Metallurgist, 
Union Carbide &C arbon Resear h Labs . 
Inc., 30 E. 42nd St., New York, N. y 

Kirby, R. L. (C), Welder Sales, Hobart 
Brothers Co.; (Res.) Box 131, R. L, 
Sharonville, Ohio. 

Kirk, J. P. (C), Salesman, Air Reduction 
Sales Co.; (Res.) 442 W. 62nd Terrace, 
Kansas City, Mo. 

Kirk, L. E. (C), Potwin, Kan 


Kirk, Paul K. (D), Welding Operator, 34 
Main S8t., Keyport, N. J 

Kirk, W. F. (C), Welding Foreman, General 
Steel Casting Corp., 2002 Missouri Ave., 
Granite City, 

Kirkpatrick, H. C. (C), Welding Instructor, 
Hadley Technical High School; Res.) 
2931 Ashby Rd., Overland, Mo 

Kirshey, John (D), Electric Welder & Burner, 
Rogers Diesel & Aircraft Corp.; Res.) 
1114 Fteley Ave., Bronx, N 

Kisner, Earl (D), Welding Operator, BE. W. 
Buschman Co., 418 New St., Cincinnati, 
Ohio. 
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Kitchen, Howard (C), Welder, Hocking Knight, Ira ( , Electric Welder, American Kraft, Claude A. (ID), Welder, Otis F), 
Valley Welding Co., 56 W. Front St., Shipbuilding (Res.) 37 E. Main S8t., Co.; (Res.) 209 Lake Ave., Lyndhurst 
Logan, Ohio. Gowanda, N. Y. N. J. : 

Kitchen, Norman A. (C), Welding Super- Knochel, W. J. (B), Engineer, Westinghouse Krainer, Ernest (B), Chef Welding Sypor. 
visor, York Safe & Lock Co.; tes.) Electric & Mfg. Co., Engineering Dept. visor, Allis-Chalmers Mfg. Co., Mil- 

* : R. D. 7, York, Pa. Library, Bloomfield, N. J. waukee, Wis. 

. Klass, Fred (B), Salesman, General Electric Knopf, Paul (C), Welder, Gleason Works; Kramer, Wayne (C), Owner-Operator 
Co., 630 Plymouth Bldg., Minneapolis, (Res.) 103 Spencer Rd., Rochester, N. Y. Kramer Welders, 1113 Kansas Ave 
Minn. Knowles, A. M. (B), Asst. Engineer of Great Bend, Kan. 

Klauberg, Walter E. (B), Engineer in Structures, Erie Railroad Co., Midland Krasnovsky, Andrew (1D), Burner-Le uding. 
Charge Testing Lab. & X-Ray, Wyatt Bldg., Cleveland, Ohio man, Federal Shipbuilding & Dry: aoe Co 
Metal & Boiler Works, P. O. Box 3052, Knox, Charles (B), Chief Engineer, Baker (Res.) 1086 Alina St., Elizabeth, N. J 
Houston, Tex Ice Machine Co. Inc., 3601 N. 16th St., Kraus, Rudolf (C), Welding Engineo; 

Klaunberg, Frederick H. (B), Mechanical Omaha, Neb. Stacey Bros. Gas Construction Co., 5535 
Engineer, Riderwood, Md. Knox, George E. (C), Architectural En- Vine St., Cincinnati, Ohio. 

Klein, A. A. (C), District Manager, National gineer, Navy Dept., Bureau of Yards & Krause, Fred J. (C), Asst. General Manager. 
Cylinder Gas Co.; (Res.) 5123 Babcock, Docks, Room 3450, Navy Bldg., Wash- Combustion Engineering Co., 1031 \W 
North Hollywood, Calif. ington, D. C. Main St., Chattanooga, Tenn. 

Klein, Wm. (B), Robberson Steel Co., Knuppel, Fred (D); (Res.) Elmwood, Neb. Krauss, Frank (C), Welder, Chas. Pfizer & 
Oklahoma City, Okla. Koblack, Victor (C), Welding Foreman, Co.; (Res.) 806 Hillside Blvd., New Hyde 

Klevens, J. A. (B), President, U. S. Ship- Albert Pipe & Supply Co.; (Res.) 639 E. Park, L. I., N. Y. 
building Corp., 71 Paidge Ave., Brooklyn, 13th St., New York, N. Y. Krefeld, William J. (B), Assoc. Professor & 
ee - Koch, Ben (B), The Falk Corp.; (Res.) Director, Engineering Materials Labs 

Kliemann, Otto (C), Welding Foreman, 1113 Glenview Ave., Wauwatosa, Wis. Columbia U niversity, 317 Engineering 
Farnham Mfg. Co., 1646 Seneca St., Koch, Harry (D), Tack Welder, Federal Bldg., New York, N. Y. 

Buffalo, N. Y. Shipyard; (Res.) 910—16th St., Union Kreidler, Carl E. (B), Vice-President & 
Kligora, Harry J. (C), Manager of Sub- City, N. J. General Manager, Cornell & Underhill 
Contracts, Republic Aviation Corp., Indi- Koch, L. C. (D), Welding Operator, The Inc., 1300 Jefferson St., Hoboken, N. J 
ana Div.; (Res.) 1513 8. Kentucky Ave., Fafnir Bearing Co., New Britain, Conn. Kreidler, Carl L. (C), Welding Engineer 
Evansville, Ind. ; Koerner, Harry (C), Salesman, Air Reduc- —— Structural Steel Co., Allentown 

Kline, Harry J. (C), Machine Shop Fore- tion Sales Co., 31 Landers Rd., Kenmore, ne : 
man, Pennsylvania Sugar Co., 1037 N. N. Y. Kreiser, G. F. (D), Welder, Extruded Meta! 
Delaware Ave., Philadelphia, Pa. Corp.; (Res.) 1720 Willard Ave., 8S. | 
Kohlbry, F. P. (C), President, Machinery & 

Kling, Fred E. (B), Asst. Chief Engineer, Welder Corp., 700 S. ‘fosite, St. Louie, Grand Rapids, Mich. 

Carnegie-Illinois Steel Corp., 1318 Car- Mo. Krejci, E. L. (C), Works Manager, American 
negie Bldg., Pittsburgh, Pa. K - Steel Foundries, 4831 Hohman Av: 
= ohlbry, Robert L. (B), Vice-President, 

Klingsick, O. W. (B), Vice-President, Day- lekioaer & Welder Corp., 312 N. Loomis Hammond, Ind. 
Brite Lighting, Inc., 5411 Bulwer Ave., St., Chicago, II. Kremer, Eugene C. (B), Welder Leaderman, 
St. Louis, Mo. Western Pipe & Steel Co.; (Res.) 1704 

Kolkloesch, Harold (C), Welding Engineer, 

Klinke, H. ©. (B), Welding Supervisor, Ford Motor Co.; (Res.) 2620 W. Michigan Jenevein Ave., San Bruno, Calif. 
pagent Aviation Corp., Farmingdale, Ave., Ypsilanti, Mich Kreps, Richard B. (B), Shop Supervisor 
Koll, Otto H. (B), Salesman, Pacific Oxygen ° 

Klinkicht, W. R. (B), Metallurgist, The Co., 2205 Magnolia St., Oakland, Calif. 12385 Birwood Ave., Detroit, Mich. 
Pollak Steel Co., 820 Temple Bar Bldg., Ko tsky, R. S. (B). Chief Metallurgical Krewson, Ralph (C), Welding Technician 
Cincinnati, Ohio. Plate: Stantard Wagner Electric Co.; (Res.) R. 1, Box 

Klistoff, Alexander J. (D), Welder In- Steel Spring Co.; (Res.) 7 Lone Pine 322, Florissant, Mo. 
Navigation Court, Bloomfield Hills, Mich. Krieg, Joseph A. (D), Arc Welder, Baldwir 

10de Island St., San Francisco, Calif. : Locomotive Works; (Res.) 504 Holmes 
Konetchy, Edward V. (B), Foreman, P , , 
a) Klos, Clifford H. (B), Inspector, M. W. Fabricating Dept., Walworth Co.; (Res) Rd., Ridley Farms, Morton, Pa. 
Ros Kellogg = oa pie. 5 a 21lth Place, 7 Brookfield St., Roslindale, Boston, Mass. Krimbelbine, Robert J. (D), Electric We! 
e Par 
: Koons, R. E. (B), Ms +r, Puritan Com- — an Bridge Co.; (Res.) 237 Dawsor 
Klug, Harold H. (C), Engineer (Mech. En- hve. 


pressed Gas Corp., 2012 Grand Ave., , Glenfield, Pa. 


Co. Steel Kansas City, Mo. Robert J. (B), Chief Inspecting En 
Cl de am iL Ohic ag., Lngineering Vept., Kordic, J. F. (C), Welder, Electric Steel gineer, James H. Herron Co., 1360 W 
Foundry, 2115 N. W. 32nd Ave., Portland, 3rd St., Cleveland, Ohio. 
Kluge, Leroy E. (C), Welder, Utah Oil Ref. Ore . , 
Co.; (Res.) 3230 S. 23rd, E.,. Sait Lake Ren’ Kroeger, A. (C), Are Welding, Wagne: 
City, Utah. = . Koresh, George (C), Research Engineer, Electric Co.; (Res.) 8024 Monroe, %t 
A. O. Smith Corp.; (Res.) 4365 N. 25th Louis, Mo. 
John (C), Instructor, National De- St., Milwaukee, Wis. é 
fense Welding School, Kmet’s Welding K Martin P. (B), C , E Kroll, Victor J. (C), Welder, Bethlehem 
Shop; (Res.) 230 8. Central Ave., Canons- W to Buffal ting ngineer, Pi 65 Rossmore Rd 
burg, Pa. (20 Washington ullalo amaica Plain, Mass. 
, <a Kornacher, W. H. (C), Mechanical En- ; esigner, For ot 
Martin c. (B), Manager, Keystone gineer, Canadian & Finance Co., Kroy, Waiter « Bos 
ngineering Co., 515 Bessemer Bldg., Ltd.. 25 King S W.T . tent Co., 15782 Indiana Ave., Detroit, Mich 
Pittsburgh, Pa. ae Aing St., ., toronto, Ontario, eger, Herbert W. (D), Electric Welde: 
Knable, G. Elkins (B), Colonel in Office of led . Trackson Co.; (Res.) 1353 N. 25th St 
of Irdnance, Washington, D. C.; Milwaukee, Wis. 
Knachstedt, (B), President, Heintz Co (Res.) “Bell Ill. 
100" Clinton St., St. Bloomfield, N. J. ‘Kruse, Harvey H. (D), Welder, Ameri 
x . Kotzelnik, Boyd (C), Are Welder, Con- Locomotive Co.; (Res.) 312 Riversid 
Knapp, Benjamin (D), Industrial Engineer, solidated Gas & Electric Co.: (Res.) Ave., Scotia, N. Y. 


General Electric Co., 456 S. 16th St., 2319 Sidney Ave altimore 
2319 Sidney Ave., Baltimore, Md. 


Kruse, Walter P. (D), Welder, Chicag 


Koulouras, George K. (B), Welding Engineer, Union Station Co., 26 8. Union St., 
Knapp, a (D), Welder, Morrison Rail- Hudson Motor Car Co., Detroit, Mich. Ill. 
9 
way Res.) 228 Bank St., Bat- Kovalovsky, Klement (D), Arc Welder, Krutsch, Nick, Jr. (C), Alloy Weld 
: : International Harvester Co.; (Res.) 4057 Westinghouse Electric Mfg. Co.; (Res 
— a . F. (). Factory Supt., The W. 21st Place, Chicago, III. 580 Stambaugh Ave., Sharon, Pa. 
incoln Electric Co., Cleveland, Ohio. Koven, Alex (D), Welder, Western Pipe & | Kubas, Joseph (D), Elect. Welder, Ame 
Knepp, Peter W. (C), Welding Instructor, Steel Co.; (Res.) 1347 Shafter Ave., San e _ Locomotive Co.; (Res.) 100 Forbes 
Fe Engineering Bldg., Penna. State Francisco, Calif. Amsterdam, N. 
Re > 1, College, Pa. Kowalski, Harry (D), Supervisor of Spot Albert Supt. Oklahoma 
Knickelbine, Bert (C), Chief Weldrod In- Weld, Bell Aircraft a (Res.) 1194 City Plant, Black, Sivalls & Bryson, In 
5 gare A. °: — Corp.; (Res.) 5270 Bailey Ave., Buffalo, N. Y. (Res.) 1212 8. W. 26th, Oklahoma Cit) 
vord St., 2 cee 
N. St., Milwaukee, Wis. Kozar, Leon C. Industrial Okla. 
Knight, Alan (B), Chief Engineer, Sun Oil Welding Co. Inc.; (Res.) 1731 Niagara Kuehn, Ernest (B), Mech. Manager, Electro- 
Co., Marcus Hook, Pa. St., Niagara Falls, N. Y. Motive Corp., LaGrange, IIl. 
Knight, F. C. (B), Chief Engineer, Una Kraetsch, Elmor J. (C), Welder, T. L. Kuehner, Martin R. (D), Electric Welder 
Welding, Inc., 1615 Collamer Ave., Cleve- Smith Co.; (Res.) 728 N. 14th St., Apt. I.T.E. Circuit Breaker Co.; (Res.) 421! 
land, Ohio. Q, Milwaukee, Wis. E. Tudor St., Philadelphia, Pa. 
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Kugler, Arthur N. (C), Mech. Engineer, 


Appl lied Engineering Dept., Air Reduc- 
in Sales Co., 60 E. 42nd St., New York, 
N 

Kugler, Lieut. K.G.(C); (Res.) 711 Bourbon 
St., New Orleans, La. 

Kuhn, H. C. (B), Engineer, Sinclair Refining 
Co., East Chicago, Ind. 

Kunert, Max J. (C), 57th & Blue Ridge, 
R. R. 3, Kansas City, Mo. 

Kunze, A. E. (B), Chief Metallurgist, Dept. 
of Metallurgy, Inspection & Research, 
Tenn. Coal, Iron & R. R. Co., Ensley, Ala. 

Kurlinski, T. (C), Chief Desfimen, Na- 
tional Electric Welding Machines Co., 
1846-60 N. Trumbull St., Bay City, Mich. 

Kurtz, W. H. (C), Chief Engineer, Sheffield 
Steel Corp., Kansas City, Mo. 

Kutuchieff, Ivan (C), Welding Research 
Engineer, A. O. Smith Corp.; (Res.) 1436 

26th St., Milwaukee, Wis. 

Kutyla, John (D), Welder, Swift & Co.; 
(Res.) 57 Laidlaw Ave., Jersey City, N. J. 

Kyle, Peter E. (B), Asst. Professor of Mech. 
Engineering, Massachusetts Inst. of Tech- 
nology, Cambridge, Mass. 

Kyler, Donald (C), Welder « Flame Cutter, 
Miles phe Inc. (Res.) 1216 
Leonard Ave., Elkhart, Ind. 


L 


Labagh, Richard E. (B), Sales Engineer, 
Victor Equipment Co., 844 Folsom St., 
San:Francisco, Calif. 

LaBar, G. L. (B), Asst. General Master 
Mechanic, Bendix Products Corp., South 
Bend, Ind. 


Labate, Vincent (D), Welder, Mare Island 
Navy Yard; (Res.) 1129 Mavin St., 
Vallejo, Calif. 


Lacey, James F. (B), District Manager, 
Gulick-Henderson Co., 25 W. 43rd St., 
New York, N. Y. 

Lacy, Charles E. (B), Supt., Welding & 
Assembly, The C. M. Kemp Mfg. Co.; 
(Res.) 405 E. Oliver St., Baltimore, Md. 


La Due, George (D), Gas Welder, Federal 
Shipbuilding & Drydock Co.; (Res.) 321 
Columbia Ave., Jersey City, N. J. 

La Force, Jean (C), Manager, Processes 


Service, The Linde Air Products Co., 114 
Sansome St., San Francisco, Calif. 


La France, B. A. (C), Asst. Foreman, Federal 
Shipbuilding & Drydock Co.; (Res.) 407 
Thompson Ave., Roselle, N. J. 


La Franco, Albert (D), Welder, General En- 
gineering Co.; (Res.) 943 Kains Ave., 
Albany, Calif. 

Lahn, A. L. (B), Registrar, Pennsylvania 
Welding Inst., 3717 Filbert St., Phila- 
delphia, Pa. 

Lahn, Sydney (B), Director, Maryland 
Welding Inst., 17 E. Franklin St., Balti- 
more, Md. 


Laidley, C. D. (B), Advertising Manager, 


= ational Tank Co.; (Res.) 312 W. Queen 
, Tulsa, Okla. 


Laig, Frederic E. (B), Supt., Methods & 
Equipment Dept., Edward G. Budd Mfg. 
Co.; (Res.) 243 W. Tulpehocken St., 
Philadelphia, Pa. 

Lair, W. B. (B), Welding Engineer, York 
Safe and Lock Co.; (Res.) 1109 8S. Queen 
‘t., York, Pa. 

La Judice, Sanford (D), Welder, Bell Air- 
craft Corp.; (Res.) 461 Forge Ave., 
Buffalo, N. Y. 

Lakin, Charles R. (C), Tech. Lab. Asst., 
Battelle Memorial Inst., 505 King Ave., 
Columbus, Ohio. 


Lambert, J. R. (B), Chief Engineer, Phoenix 
Bridge Co., Phoenixville, Pa. 
Lamborn, Samuel W. (B), Designing En- 
gineer; (Res.) Somerton, Philadelphia, 
a. 
Lambrecht, Steve (ID), Welder, Thomson 
Pipe & Steel Co.: (Res.) 3130 Humboldt 
t., Denver, Colo. 


Lamond, Nestor T. (B), Foreman, Cramp 
Shipbuilding Co., Richmond & Norris 
Sts., Philadelphia, Pa. 

Lamontagne, Joseph A. (PD), Are Welding, 
Boston Navy Yard; (Res.) 13 Champlain 
Ave., Lawrence, Mass. 

Lampman, L. Paul (D), Inspector of Ord- 
nance, War Dept., Office of Army, In- 
spector of Ordnance, x rican Loco- 
motive Co., Schenectady, 

Lanari, Raymond (D), Texas Oil 
Co., Beacon, N. Y. 

Lance, Paul L. (1D), Electric Welder, T. T. 
Weldin & Son; (Res.) 917 N. Clayton St., 
Wilmington, Del. 

Landis, Donald (D), Welder, 460 Springdale 
Ave., E. Orange, N. J 

Landis, George G. (C), Chief Engineer, 
Lincoln Electric Co., 12818 Coit Rd., 
Cleveland, Ohio. 

Landis, H. E., Jr. (C), Vice-President, 
Arcrods Corp., Sparrows Point, Baltimore, 
Md. 

Lane, Ralph (C), Welding Foreman, Lucey 
Boiler Corp.; (Res.) 951 E. 13th St., 
Chattanooga, Tenn. 

Lane, Richard S. (B), Production Manager, 
Ross Heater & Mfg. Co., 1407 West Ave., 
Buffalo, N. Y. 

Lang, Elmer (C), District Manager, Ameri- 
can Brass Co., Investment Bldg., Wash- 
ington, D. C. 

Lang, John Latreyte (C), Asst. Welding En- 
gineer, New York Shipbuil ling Corp.; 
(Res.) 604 Park Ave., Collingswood, N. J 

Lang, Paul (C), Sales, Arcway Equipment 
Co.; (Res.) Box 115, Downington, Pa. 

Lange, E. C. (C), Engineering Draftsman, 
American Shipbuilding Co., 1410 Terminal 
Tower, Cleveland, Ohio. 

Lange, H. J. (C), President, Marquette Mfg. 
Co., 409 Johnson St., N. E., Minneapolis, 
Minn. 

Langguth, Karl H. (B), Welding Instructor, 
Boys Vocational H. 8.; (Res.) 4524— 
18th Ave., 8., Minneapolis, Minn. 

Langlitz, Albert (D), Wel der, Drydock Con- 
tractors; (Res.) R. D. Wallkill, 

Lansing, Herbert S. (B), W elding Instructor, 
Essex County Voc ational Schools; (Res.) 
827 Hudson St., Hoboken, N. J. 

Lanting, Fred (D), a (Res.) 63 Hols 
man St., Paterson, N. 

Lantz, Eric (D), Welder, E ureka Iron Works; 
(Res.) 5205 Boulevs ard, E., West New 
York, N. J. 

La Pointe, Fred J. (B), Metallurgist, Duff- 
Norton Mfg. Co., Box 1889, Pittsburgh, 
Pa. 

Lapp, John B. (D), 274 W. Main St., New 
Holland, Pa. 

Large, William R. (C), Weldment Shop 
Foreman, Consolidated Steel Corp., Ltd., 
Box 6880, East Los Angeles Branch, Los 
Angeles, Calif. 

Largent, Jack (B), Box 2052, Houston, Tex. 
Larkin, Joseph P. (D), Welding Leader, 
Baldwin Locomotive Co.; (Res.) R. D 

Kennett Square, Pa. 

Larsen, G. Sinding (B), Chief Engineer, 
Pittsburgh Piping & Equipment Co., 
10—43rd St., Pittsburgh, Pa. 

Larsen, Howard B. (C), Government Weld- 
ing Inspector, War Dept., Chicago Ord- 
nance Dist.; (Res.) 1628 W. Wisconsin 
Ave., Milwaukee, Wis. 

Larson, J. I. (C), Engineering, Stainless & 
Steel Products Co., 964 Berry Ave., St. 
Paul, Minn. 


Larson, Louis J. (B), Consulting Engineer, 
735 N. Water St.; (Res.) 2528 N. Stowell 
Ave., Milwaukee, Wis. 

Larson, Wm. V. (C), Supervisor, National 
Youth Administration; (Res.) 2546 Ben- 
ton, Kansas City, Mo. 

Lasaponara, George (C), Electric Welder, 
Pfaudler Co.; Res.) 260 Independence 
St.. Rochester, N. Y. 

Lashar, Walter B.., Jr. (B), Director of Re- 
search, American Chain & Cable Co., Inc., 
E. Princess & Charles St., York, Pa 


ALPHABETICAL LIST OF MEMBERS 
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Lasher, » BB (C Welding Supervisor, 
General Fire Extinguisher Co.: Res.) 
267 Atlantic, N. W. - arren, Ohio 

Lassen, Lt. Ernest J. , Ordnance Dept., 

Army, 719th Orda ance Co., Mitchel 

Lassner, Dr. Hans F. (C), Engineer, Pe- 
troleum Div., Stone & Webster Engineer- 
ing Corp.; (Res 109 Marlboro St., 
Boston, Mass. 

Last, Albert J. (C), Salesman, Welding Sales 

¢ Engineering Co., 8750 Grinnell, Detroit, 
ic h. 

ney Albert R. (D), Corporal, United States 
Army; (Res.) 65 Summit Ave., Jersey 
City, N. J 

Laterman, Edward (C), General Sales Rep- 
resentative, Champion Rivet Co., 30 
Church St., New York, N. Y. 

La Terza, Humbert (D), We ‘Ider, Philadel- 
phia Navy Yard; (Res.) 109 E. Wayne 
Terrace, Collingswood, N. J 

Latta, A. L. (B), Welding Engineer. D. G 
Latta, Ltd., Edmonton, Alberta, Canada. 

Lau, H. Wilbur (C), Leader Oxyacetylene 
Cutter & Layout Man, Nordberg Mfg. 
Co.; (Res.) 3048 S. 8th St., Milwaukee, 
Wis. 

Laubenstein, A. R. (B), General Manager, 
Laubenstein Mfg. Co., 422 8. 3rd St., 
Ashland, Pa. 

Laudig, J. J. (B), Resident Engineer, Dela- 
ware, Lackawanna & Western R. R., 
Laboratory, Scranton, Pa. 

Laughton, James A. (B), Plant Supt., 
Dominion Rubber Co. Ltd., 550 Papineau 

ve., Montreal, Que, Canada 

Laulhere, B. M. (C), Technical Supervisor, 
Southern Calif. Gas Co., 1700 Santa Fe 
Ave., Los Angeles, Calif. 

Launder, John E. (C), President, Inde- 
pendent Electric Machinery Co., 300 
Southwest Blvd., Kansas City, Mo 

Lauria, Thomas (G, Electric Welder, New 
York Navy Yard, 347 McDonald Ave., 
Brooklyn, N. Y. 

Laurinatis, John (C), Plant Supt., Dover 
Boiler & Plate Fabr.; (Res.) SO W. 55th 
St., Bayonne, N. J. 

Lauterbach, E. W. (C), Chief Draftsman, 
Sun Oil Co., 1608 Walnut St., Phila- 
delphia, Pa. 

Lautner, W. F. (C), Supervisor, Air Reduc- 
tion Sales Co., 808 Hawley Bldg., Wheel- 
ing, W. Va. 

Lavender, Hyman E. (1D), Operating Welder; 
(Res.) 57 Legion St., Brooklyn, N. Y. 

Laverty, C. Russell (C), Sales Engineer, 
Bethlehem Steel Co., 702 American 
Security Bldg., Washington, D. C. 

Lavine, George (B), President, Craftsmen 
Welders, Inc., 744 Court St., Brooklyn, 

Lavoy, Louis (C President, Shipyard, 

Lavoy Inc., 2777 Knapp St., Brooklyn, 

4 


Lawler, Daniel B. (CC), Are Welder for 
Government at Pear] Harbor tes.) 124 
Kapabhulu, Apt. J, Honolulu, T. H 

Lawler, J. W. (B), American Car & Foundry 
Co., St. Charles, Mo. 

Lawless, Thomas J. (CC), Sales Manager 
Champion Rivet Co., E. 108th & Harvard 
Ave., Cleveland, Ohio. 

Lawrence, Anna M. (1)), Acetylene Welding 
Welding Fabricating Co.: tes 10 
38th St., Irvington, N. J 

Lawrence, Elmer J. (C), 7043 Tulane Ave 
University City, Mo. 


Lawrence, Glenn R. (C), Structural En 
gineer, Wellman Engineering Co les 
3401 Cedarbrook Rd., Cleveland Heights 
Ohio. 


Lawrence, Harold E. (B), President, Welding 
Training Inst., 23—25 Sussex Ave., Newark: 


Foreman 
Hampton 


Lawrence, L. M. (C), Welding 
Gary Steel Products Corp 
Blvd. «& 25th Norfolk, Va. 

Lawrence, Wm. Howard (C 
Ingersoll Rand Co.; (Res 

t., Phillipsburg, N. J. 


Foreman, 
272 Prospect 
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Lindsey, Edwin B. (F), 502 N. Ramsey, 
lwater, Okla. 


Lindsey, L. A. (C), Dept. Supervisor, Wyatt, 
tal & Boiler Works; (Res.) 403 S. 
Ave., Dallas, Tex. 

Lindsley, John Martin (C), Mech. Designer 
& Draftsman, Carbide & Carbon Chemi- 
cal Corp.; (Res.) Wexford Run Rd., Brad- 
ford Woods, Pa. 

Liner, William (D), Welder, Moore Drydock 
Co.; (Res.) 276 Adams St., Oakland, 
Calif. 

Liner, W. R. (C), Shop Foreman, Wyatt 
Metal & Boiler Works, Box 3052, Houston, 
lex. 

Lingner, Geo. L. (B), Production Manager, 
Jabez-Burns & Sons, Inc., 563—11th Ave., 
New York, N. Y. 

Link, William H. (C), Welding Instructor, 
Seattle School District No. 1; (Res.) 
1605 E. Madison St., Seattle, Wash. 

Linnert, George E. (B), Metallurgist, Rust- 
less Iron & Steel Corp., Met. Lab., 3400 
E. Chase St., Baltimore, Md. 

Lippincott, L. E. (C), District Manager, 
National Cylinder Gs as Co., P. O. Box 
1534, Oklahoma C ity, Okla. 

Lipschitz, William L. (C), Manager, Pitts- 
field Iron Work & Coal Supply Co., 458 
South St., Pittsfield, Mass. 

Lipsky, Joseph J. (C), Supervisor, American 
Locomotive Co., henectady, N. Y 

Liston, Earl C. (C), Vice-President & Asst. 
Manager, Eaton Metal Products Co., 
i800 York St., Denver, Colo. 

Little, S. J. (C), Weld. Foreman, J. T. 
Ryerson; (Res.) 3318 N. Le Claire, 
Chicago, IIl. 

Little, W. O. (B), District Manager, Na- 
tional Electric Welding Machines Co., 
3109 Mayfield Rd., Cleveland, Ohio. 

Littlepage, R. A. (D), Welder, U. 8. Dept. of 
Interior, Bureau of Rec lamation: (Res.) 
304 8. Lee St., Altus, Okla. 

Litz, Frank (D), Welding Supervisor, 
Stewart-Warner Corp.; (Res.) 1422 School 
St., Chicago, Il. 

Livingston, Samuel H. (D), Welder, Ledkote 
age = of N. Y.; (Res.) 214 W. 72nd 

St., New York, N. Y. 

Liewellya, F. T. (E), Retired, U. S. Steel, 
x Evans, 424 Corinne St., Baton 


Lloyd, S. Elvin (C), Foreman, Scott Paper 
Co., Front & Market Sts., Chester, Pa. 


Loane, P. M. (C), Foreman, Chicago Bridge 
& Iron Co., 119 Long Ave., Hillside Sta., 
Elizabeth, N. J. 

Lockeman, G. F. (C), Metallurgist & In- 
spector, The Procter & Gamble Co., 
Ivorydale, Ohio. 


Locker, Robert (C), Foreman, Curtiss- 
Wright Airplane Div.; (Res.) 1421 Black- 
stone Ave., St. Louis, Mo. 


Lockhart, David L. (C), Supervisor, Morgan 
Engineering Co.; (Res.) Limaville, Ohio. 


Lockman, Edward L. (C), Staff Engineer, 
Boston Elevated Railway Co., 31 St. 
James Ave., Boston, Mass. 


Lockwood, Robert (D), Electric Welder, 
Foster-Wheeler Co.; (Res.) 74 Ossian St., 
Dansville, N. Y. 


Loeb, Carl M., Jr. (B), Vice-President, 
Climax Molybdenum Co., 500—5th Ave., 
New York, N. 


Loebel, Maurice G. (D), Are & Acetylene 
Welder, Nordberg Mfg. Co.; (Res.) 1752A 
S. Pearl St., Milwaukee, Wis. 


Loeffler, F. E. (B), Mech. Engineer, The 
ng R. R. Service Co., 30 E. 42nd St., 
New York, N. Y. 


Loeffier, G. B. (B), Welding Engineer, Clear- 
ing Machine C orp.; (Res.) 2301 W. 110th 
Place, Chicago, II. 


Loeser, John C. (B), Lieutenant, U.S.N.R.; 
(Bee) 2265 Sedgwick Ave., New York, 


Lofquist, Alex. E. (B), Manager, Plate 
Fabrication Div., R. C. Mahon Co., 8650 
Mt. Elliott, Detroit, Mich. 


Loftfield, Sigurd ((), Welding Engineer, 
Murray Ohio Mfg. Co.; (Res.) 19421 
Ormestor Ave., Euclid, Ohio. 

Loftus, Anthony (C), Welding Foreman, 
Towmotor Co.; (Res.) 375 E. 149th St., 
Cleveland, Ohio. 

Logmann, A. A. (B), Work Manager, Pull- 
man Standard Car Mfg. Co., Wabash & 
8th St., Michigan City Ind. 

Lohnes, Stearn (C), Vice-President, A. Lucas 
& Sons, Peoria, Ill. 

Lombardo, Robert ((), Managing Director, 
oe rn Welding Inst., 115 W. Catherine 

N.C. 

hone Dan L. , Welder, Metal & Thermit 
Corp.; 1400-—S4th St., North 
Bergen, N. J. 

Long, Joseph A. (C), Associate Principal 
Insp. of Ship Const. (Supship Bath, Me.); 
(Res.) 19 Bedford St., Bath, Me. 

Long, Piner E. (C), Instructor, Senior High 
School; (Res.) Fairview Rd., Galion, 
Ohio. 

Long, R. E. (B), Chief Engineer, Hollup 
Corp., 4700 W. 19th St.. Chicago, Ill. 

Long, Theodore S. (CC), Asst. General 
Manager, Taylor-Winfield Corp., Warren, 
Ohio. 

Long, Walter R., Jr. (D), Pipe Welder, Riggs 
& Distler Construction Co.; (Res.) 1949 
Riverview Rd., Bethlehem, Pa. 

Longdyke, James E. (D), Student he 
Engineer, General Electric (Res.) 
1730 Watt St., Schenectady, 

Longheed, Robert H. (B), sab Plate Are 
Welder, Fisher Tank Div.; (Res.) 1817 
Dakota Ave., Flint, Mich. 

Longo, A. Frank (B), General Boiler In- 
spector, Southern Pacific Lines, 65 Market 
St., San Francisco, Calif. 

Longwell, R. C. (C), Link Belt Co., 300 W. 
Pershing Rd., Chicago, Ill. 

Lonsdale, William (B), Vice-President in 
Charge of Mfg., Foster W heeler Corp., 
Roosevelt Ave., Carteret, N. J. 

Loomis, C. A. (C), Engineer, Bureau of 
Ships, Navy Dept., Washington, D. C. 
Looney, James P. (C), Engineer, Watkins 

Inc., 710 E. 1st St., Wichita, Kan. 

Looney, R. L. (B), District Manager, Big 
Three Welding & Equipment Co., 102 5 
Cheyenne, Tulsa, Okla. 

Loos, C. E. (B), Manager, Structural & 
Plate Bureau, Metallurgical Div., Car- 
negie-Illinois Steel Corp.; (Res.) 6529 
Brighton Rd., Ben Avon, Pa. 

Loper, D. R. (B), Sales Engineer, Carnegie- 
Illinois Steel Corp., W-1352 First Natl. 
Bank Bldg., St. Paul, Minn. 

Lorentz, R. E., Jr. (C), Engineer, Com- 
bustion Engineering Co.; (Res.) 1207 
Westwood, Chattanooga, Tenn. 

Louck, Frederick F. (C), Are Welder, U. 8, 
Coast Guard; (Res.) 511 Delmar Ave., 
Glen Burnie, Md. 

Louis, Cornelius (C), Metallurgist, Cham- 
pion Rivet Co., E. 108th & Harvard Ave., 
Cleveland, Ohio. 

Louis, Harry (C), Hobart Bros., 228 Wash- 
ington Ave., N., Minneapolis, Minn. 

Louree, C. Harold (C), Designing Engineer, 
The Austin Co., Box 1926, Oklahoma 
City, Okla. 

Love, Russell, J. (C), Chief Engineer, South- 
west Welding & Mfg. Co.; (Res.) 1401 
Pasqualito Drive, San Marino, Calif. 

Loveman, William H. (B), President & 
General Manager, Burdett Oxygen Co.; 
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& Co., 2036 E. 22nd St., Cleveland, Ohio. 
McCulloch, R. B. (B), 1738 Gum St., San 

Mateo, Calif. 

McCulloh, William L. (D), Welder, Frick 
Co. Inc.; (Res.) Mercersburg, Pa. 

McCune, Joseph C. (B), Director of Re- 
search, Westinghouse Airbrake Co., Wil- 
merding, Pa. 

McDonald, A. E. (B), Supervisor of Welding 
& Electrical, American Can Co.; (Res.) 
3704 Homewood Ave., Toledo, Ohio. 

McDonald,.A. J. (B), Vice-President, Ameri- 
ng Steel Castings Co., Ave. L & Edward 

, Newark, N. J. 

McDonald, E. L. (C), Welding Inspector, 
Smith-Emery Co., 920 Santee St., Los 
Angeles, Calif. 

McDonald, Lewis (C), Asst. Vice-President, 
Chicago Bridge & Iron Works, 332 8. 
Michigan Ave., Chicago, Ill. 

McDonald, S. F. (C), Engineer, McDonald 
ee Shop, P. O. Box 267, Livingston, 

ex 


McDonough, Louis (B), Welding Supt. — 


Clearing Machine Corp.; (Res.) 3247 
Maple Ave., Berwyn, Ill. 

McDonough, w. R. (C), Owner, W. R. Mc- 
Donough Co.; 1404 E. 9th St., Cleve- 
land, Ohio. 

McDowell, J. K. (C), Associate Engineer, 
Rock Island Arsenal; (Res.) 1501 Fulton 
Court, Davenport, lowa. 

McDugle, W. (C), Field Foreman, Wyatt 
Metal & Boiler W orks, Box 3052, Houston, 
Tex. 

McElfish, P. D. (C), Supervising Engineer, 
Standard Oil Co. of Calif., Box 2437, 
Terminal Annex, Los Angeles, Calif. 

McEnaly, N. W. (C), Shop Owner, The 
Metal Fusion Co., 4017 Payne Ave., 
Cleveland, Ohio. 

McEvoy, Philip (B), Manager Sales, Alloy 
Fabricators, Inc., Market and Herbert 
Sts., Perth Amboy, N. J. 

McFarland, John (D), Welder, Bethlehem 
Steel Co.; (Res.) 617 S. Lakewood Ave., 
Baltimore, Md. 

McFarland, R. E. (B), Engineer, Western 
Electric Co., Inc., Hawthorne Sta., 
Chicago, Ill. 

McGaffick, Howard K. (C), Elect. Welder, 
The Morgan Engineering Co.; (Res.) 846 
N. 15th St., Sebring, Ohio. 

McGhie, W. Roland (C), Group Leader, 
Lockheed Aircraft Corp., 3040!/: Weldon 
Ave., Los Angeles, Calif. 


McGill, C. E. (C), Foreman, Chicago Bridge 
& Iron Co., P. O. Box 682, Greenville, Pa. 


McGinn, George M. (C), Chief Quarterman, 
Cramp Shipbuilding Co.; (Res.) Berk- 
~- Apts., 4101 Spruce St., Philadelphia, 

‘a. 


McGinnis, C. E (B), General Manager, 
Board of Mech. Engineers, Room M-85, 
City Hall, Los agen Calif. 


McGlasson (C), Chief 
Wyatt Metal Py Boiler Works, P. O. Box 
3052, Houston, Tex. 


McGovern, T. J. (C), Construction Dept., 
Commonwealth Edison Co., 72 W. Adams 
St., Chicago, Il. 


McGrann, John H. (C), Lt. (jg), Resident 
Officer in Charge, Kanehoe Naval Air 
Station, Kanehoe Bay, Oaku, T H. 


McGrath, G. E. (C), Welder, McGrath 
Welding Co., 4680 Leavenworth St. 
Omaha, Neb. 

McGregor, Carl J. (B), Asst. Manager, Mfg. 
Dept., American Steel & Wire Co., 1479- 
208 8. La Salle St., Chicago, II. 

McGuinn, C. D. (C), Asst. District Sales 
Manager, National C ylinder Gas Co., 340 
Seneca St., Buffalo, N. 


McGuire, Michael J. (A), Secretary & 
General Manager, The Anthony Carlin 
Co., 2717 E. 75th St., Cleveland, Ohio. 
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McHose, K. W. (C), Manager of Sales, 
Kalman Steel Corp., 1047 New Broad St. 
Sta. Bldg., Philadelphia, Pa. 

McHugh, Paul L. (C), Welder, Bethlehem 
Fairfield Shipbuilding, Inc.; (Res.) Ar- 
butus Ave., Eden Terrace, Catonsville, 

McHugh, Thomas J. (B), Supt., Hallen 
Welding Service, Inc.; (Res.) 222 Mce- 
Kinley Ave., Lakeview, L. I., N. Y. 

McIntosh, O. L. (D), Welder, Wayne Ma- 
chine Works, Monticello, Ky. 

McIntyre, Albert M. (C), Resistance Weld- 
ing Engineer, General ‘Steel Wares Ltd., 
199 River St., Toronto, Ont., Canada. 

McIntyre, Joseph (C), Welder Leader, Great 
Lakes Engineering Works, 3822 Ninth 
St., Wyandotte, Mich. 

Mclver, George Walter (C), Chief Engineer, 
Toledo Edison Co., Toledo, Ohio. 

McKay, Charles (D), Welder, Industrial 
Welding & Machine Works; (Res.) 
31-16—35th Ave., Astoria, L. I., N. Y. 

McKay, Edwin O. (C), Asst. Plant Supt., 
Foster Wheeler Corp., Roosevelt Ave., 
Carteret, N. J 

McKee, Leo L. (D), Operator Mechanic, 
R. G. Le Tourneau Inc.; (Res.) R. R. 5, 
Box 558, East Peoria, Ill. 

McKeighan, John S. (C), Night Supt., Lin- 
coln Electric Co.; (Res.) 23728 Bruce 
Rd., Bay Village, Ohio. 

McKelvey, J. F. (B), President, Vulcan Steel 
Tank Corp., Box No. 1844, Tulsa, Okla. 
McKenna, P. Edward (B), Welding Engi- 
neer, Scully Steel Products Co., 176 

Lincoln St., Allston, Mass. 

McKenzie, William E. (C), Principle Weld- 
ing Engineer, U. S. Naval Gun Factory, 
Washington Navy Yard; (Res.) 2909—5th 
St., 8. E., Washington, D. C. 

McKiernan, James D. (C), Research & 
Development Engineer, Air Reduction 
o.; (Res.) 82 Fenimore St., Brook- 
lyn, N. Y 

McKinley, J. C. (C), President, Apex Mach. 
& Mfg. Co., 113 8S. Denver, Tulsa, Okla. 

McKinzie, Daniel J. (B), Asst. Chief Oper- 
ating Engineer, Chicago District Electric 
Generating Corp., P. O. Box No. 65, 
Hammond, Ind. 

McLain, A. R. (C), Welding Engineer, Com- 
bustion Engineering Co.; (Res.) 20 8. 
Brooks, Chattanooga, Tenn. 

McLaughlin, Carl B. (C), Contact Tech- 
nician, Carnegie-Illinois Steel Corp., 208 
S. La Salle St., Rm. 1632, Chicago, Ill. 

McLean, Basil A. (B), Marine Surveyor, 
American Bureau of Shipping; (Res.) 
955 Jackling Drive, Hillsborough (Burl- 
ingame P. O.), Calif. 

McLean, D. G. (B), Welder, R. R. Howell & 
Co.; (Res.) 157 Seymour Ave., 8. 
Minneapolis, Minn. 

McLean, George (C), Welding Supervisor, 
Purolator Products, Inc., 365 Freling- 
huysen Ave., Newark, N. J. 

McLean, William B. (C), Structural Design 
Engineer, Dravo Corp.; (Res.) R. D. 1, 
Box 31A, Coraopolis, Pa. 

McLellan, David S. (DD), Operator, North 
Carolina Shipbuilding Co.; (Res.) 11 8. 
5th St., Wilmington, N. C. 

McManus, Geo. V. (D), 240 Satterthwaite 
Ave., Nutley, N. J 

McMillan, J. H. (C), Master Mechanic, 
Kansas City Gas & Elect. Co., Electric 
Plant, 3rd & Kelly, Wichita, Kan. 

McMillan, Robert P. (B), Sales Manager, 
Southern Oxygen Co., Inc., P. O. Box 
5087, Washington, D. C 

McMullen, Jack (C), Welder Foreman, 
Western Pipe & Steel Co.; (Res.) 400 N. 
Culver, Compton, Calif. 

McMullen, John G. (F), Massachusetts 
Inst. of Technology, Dormitories, Cam- 
bridge, Mass. 

McMullen, L. A. (C), Supt., Day & Night 
Heater Mfg. Co.; (Res.) 635 Hillcrest 
Blvd., Monrovia, Calif. 


ALPHABETICAL LIST OF MEMBERS 


McMurtry, L. C. (C), Manager of Erect 
Horton Steel Works, Fort Erie, North 
Ontario, Canada. 

McNally, Frank X. (F), 609 Willow Ave. 
Sparrows Point, Md. 

McNamar, Chas. C. (B), President, Me- 
Namar Boiler & Tank Mfg. Co.; Box sés, 
Tulsa, Okla. 

McNeal, A. Lewis (C), Welding Supervisor. 
Bethlehem Steel Co.; (Res.) 1515—12th 
Ave., San Francisco, Calif. 

McNeil, J. Kenneth (D), Welder, General 
Electric Co., 1001 Wolfe St., Syracuse 
N. Y. 

McNitt, Ralph R. (D), Olds Motor Works; 
(Res.) Box 98, Haslett, Mich. 

McNutt, A. D. (B), Tool & Equipment En- 
gineer, National Postal Meter Co., Roches- 
ter, N. Y 

McNutt, Louis C. (C), Welding Engineer 
M. W. Kellogg Co., Ft. of Danforth Ave., 
Jersey City, N. J. 

McPeek, Reynold (C), Job Shop Pro- 
prietor, Lion Welding Co., 570 Lyons Ave., 
Irvington, N. J. 

McPhee, Leslie S. (B), Welding Super- 
visor, Whiting Corp., Harvey, Ill. 

McQueen, Andrew W. F. (C), Hydraulic 
Engineer, H. G. Acres and Co., Niagara 
Falls, Ontario, Canada. 

Meacham, F. L. (B), Manager, War Produc- 
tion Engineering Div., Frigidaire Div., 
General Motors Corp., Dayton, Ohio. 

Meadowcroft, Benjamin (C), Supervisor of 
Welding, Edward G. Budd Mfg. Co.; 
(Res.) 3307 Princeton Ave., Philadelphia, 
Pa. 

Meadowcroft, Joseph W. (A), Asst. Works 
Manager, Edward G. Budd Mfg. Co., 
25th and Hunting Park Ave., Phila- 
delphia, Pa. 

Mears, Harry A. (B), Vice-President, 
Standard Steel & Wire Co., Bolivar, Pa 
Mebs, Erwin H.,.(C), Research Engineer, 
Carnegie-Illinois, Lorain Div.; (Res. 
Park View Drive, Westmont, Johnstown, 

Pa. 

Medoff, Jack I. (C), Chief X-Ray Tech- 
nician, Worthington Pump & Machinery 
Corp., Holyoke, Mass. 


Medsker, Chas. A. (C), Chief Engineer, 
Automatic Gasflux Mfg. Co.; (Res.) 3278 
Meadowbrook Blvd., Cleveland Heights, 
Ohio. 


Megla, John (D), Are Welder, Truscon 
Steel Co.; (Res.) 48 Eleanor Ave., Youngs- 
town, Ohio. 


Megow, Lawrence (C), Industrial Engineer, 
A. O. Smith Corp.; (Res.) 3980 N. 29th 
St., Milwaukee, Wis. 

Mehaffey, Frank B. (C), Asst. Sales Man- 
ager, Air Reduction Sales Co., 122 Mt. 
Vernon St., Uphams Corner, Boston, 
Mass. 


Mehalov, John (1D), A, 2-C, Squadron VP93, 
Postmaster, % Morgan Annex, New 
York, N. Y. 

Mehl, Eugene L. (D), Welder, Winchester 
Rep. Arms Co.; (Res.) 168 Mansfield St., 
New Haven, Conn. 

Meier, E. F. (C), Engineer, Monsanto 
Chemical Co.; (Res.) 2603 Louis Ave., 
Brentwood, Mo. 


Meisenbach, E. J. (C), Welding Inspector, 
Pressed Steel Car Co.; (Res.) 10455 Ave. 
N, Chicago, 

Meissner, C. E. (C), Washington Repre- 
sentative; Edward G. Budd Mfg. Co., 
1626 K St., N. W., Washington, D. C. 


Meister, W. F. (C), Supt. of Repairs, Pitts- 
burgh Steamship Co., 1600 Rockefeller 
Bldg., Cleveland, Ohio. 

Meixl, Carl (B), Mech. Engineer, Alberger 
Heater Co. & Howard Iron Works, 281 
Chicago St., Buffalo, N. Y. 


Meixel, V. V. (D), Electric Welder, Phila- 
delphia Navy Yard; (Res.) 439 E. Barber 
Ave., Woodbury, N. J. 


Melby, Fred C. (C), Master Mechanic, 
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Structural 
De srrick & E ‘quipme nt Co. QO. 
Terminal Annex, Los / 


Melikian, K. Cyrus (C), Welding Engineer, 


, Philadelphia, Pa. 


Mellinger, R. (B), —y Surveyor, 520 


Cleveland, Ohio. 


(C), Vice-Pre sident, 
Phillips & Co., Inc., 332 8. Jefferson. St., 
Mercer, Clyde W. (C), 
New Castle City Schools, Spiceland, Ind. 
Mercer, Henry E. (D), Elect. Welder, Harbor 
(Res.) 431—9th St., 


Welding Instructor, 


Maine C onst. Co.; 


Mercer, J. David ‘(D) 
Guide Lamp Div. 

. 3, Pendleton, Ind. 

Merchant, H. F. 
gressive Welder Co.; 

, Jenkintown, Pa. 

Meredith, Russell (C), 


, Asst. Tool Engineer, 
Sales Engineer, Pro- 
Northrup Aircraft 
Merkt, Joseph xX. ) 


Merrick, Robert L. 


Southern Oxygen Co.; 


Merriman, Clem G. 


, Magnolia Airco Products 
‘o., P. O. Box 319, Houston, Tex 

Merryman, James A. , Mfg. Engineer, 
1344 Singer Place, 


Earl Richard (C), Chief 
U.S. Spring & Bumper Co. 
, Los Angeles, ‘alif.. 
John (D), 
311 Fairview 
St., Burbank, Calif. 
Messick, Stanley W. (B), 
tor, Southern Welding School, 
, Winston-Salem, N. ¢ 
Messier, ee E. 


Managing Direc- 
Operator, 


w elding Dept. 


(Res.) 2041 S. 68th St., West Allis, Wis. 


‘o.; P. O. Box 1466, Pittsburgh, 


Metcalf, R. A. 

Cylinder Gas Co.; 
, Milwaukee, Wis. 
Mettler, F. W. 


(Res.) 4252 N. Teu- 


, Consulting Structural 
General Practice, 4004 
stone Rd., acces Heights, Ohio. 


Propellor C ‘orp.; : (Res.) 227 Torrey Hall, 


Metestenm. w. F. (C), Sales Dept., The 
Burdett Oxygen Co., Inc.; 
, Shaker Heights, Ohio. 


Metzger, Roussé K. , Rural Machine 


Shop Mechanic, Harleysville, Pa. 
Metzger, Ray W. , Sole Owner, Com- 
pressed Gases & Welders Supply Co., 
4017 Payne Ave., 


Metzger, William F. (C), 


Cleveland, Ohio. 


New Brighton. 


Metzka, Andrew (D), Elect. Welder, Nor- Works Div Baldwin Locomotive Co.; 
folk Navy Yard: Res 749 Mayfield tes 1601 Central Ave., Kansas City, 
Ave., Colonial Heights, Norfolk, Va. Kan. 

Metzler, D. E. (B), 637 Ohio St., Lawrence, beiaget, George (B Supervisor of 
Kan. Wel ling Research, War Met. Alloys Com- 

Meurer, P. G. (C), Supt., Manitoba Bridge mittee, National Research Council, Wash- 
& Iron Works, Ltd., Winnipeg, Canada. Obie.’ D. C., 850 Euclid Ave., Cleveland, 

Meusel, Paul B. (C), Welding Supervisor, hio. 

Hughes Tool Co.; (Res.) 503 Dumont Miko, Albert a D), Welding Operator, 
Ave., South Houston, Tex. Federal Ship! pbuilding Corp.; (Res.) 193-5 

Meybin, Robert J. (A), Vice-President & Easte ro Par kw ay, New a N. J 
General Manager, Virginia Bridge Co., Mikulak, John B), Welding Engineer, 
Roanoke, Va. Electric Mach. Mig. Co., 1331 Tyler St., 

Meyer, Arnold (B), The Heil Co.; (Res.) N. E., Minneapolis, Minn. 

1848 Rocky Point, Pewaukee, Wis. Milatz, Theodorus M. (( ination 

Meyer, C. G. (C), Welder, Jones & Laughlin (tes 
Steel Co.; (Res.) 878 Woodward Ave., 
Brooklyn, N. Y. Miles, Robert R. (D), Welder, Puget Sound, 

Meyer, Edwin H. (D), Army Ordnance ro Ss (Res.) Rt. 1, Box 974, Brem- 
War Dept.; (Res.) 829 Leonard St., Miller, Alexander (©), District Engineer, 
Akron, Ohio. American Inst. of Steel Const., 1014 

Meyer, Gilbert F. (B), District Manager, Leader Bldg., Cleveland, Ohio 
Machinery & Welder Corp., 515 E. Buffalo Miller, A. O. (B), Manager Pet. & Welding 
St., Milwaukee, Wis. Div., Gener al American Transportation 

Meyer, Michael L. (C), Foreman, York Ice 
Machinery Corp., Thomasville, Pa. Miller, B. M. (B), Harris Calorific Sales ( O-, 

Meyer, William (C), Welder, Pittsburgh 1324— 14th St., N. ashington, D. ©. 
Gravel Co.; (Res.) 267 Fourteenth St., Miller, Clarence R. (C), Salesman, Welding 
Ambridge, Pa. Gas Products Co., 821 E. 11th St., Chatta- 

Meyer, William (B), The Falk Corp.; a Penn. ; 

(Res.) 1936 N. 21st St., West Allis, Wis. Miller, Clay W. (C), Welding Instructor, 

Meyer, William C. (D), Maintenance 1207 E. 
(Res.) 4025 W. Wilcox St., Chicago, Ill. Miller, Crosby (C), Bridge Eng neer, Chesa- 

Meyers, A. M. (B), Chief Engineer, Kansas poans «& Ohio Ry. Co., Richmond, Va. 
City Structural Steel Co., 21st & Metro- Miller, Daniel D. (B), ‘Prop ietor & Business 
politan Ave., Kansas City, Kan. ae anager, Citizens P rp. Center, 9 W. 6lst 

Meyers, G. A. (B), Salesman, Magnolia , New York, N. ; 
Airco Products Co., P. O. Box 319, eames, David (C), Welde r, Back Bay Weld- 
Houston, Tex. ing Co., 678 Brookline Ave., Brookline, 

Meyers, Louis J. (C), Hull Inspector, Mass, 
Pittsburgh Steamship Co.; (Res.) 2109 Miller, Edward F. , Proprietor, Electric 
E. 81st., Chicago, Ill. Welder Repair, 8 3730 Cedar Ave., Cleve- 

Meyers, Meyer J. (C), Instructor, Foreman, land, Ohio. 

National Youth Administration, 612 N. Miller, Edward L. (B), Master Mechanic; 
5th St., Steubenville, Ohio. Florence Pipe Foundry & Mac thine Co., 

Meyerson, Milton E. (B), President, St. (Res.) 2 Laurel Ave., Florence, N. J. 
Louis Testing Lab., Inc., 2317 Chouteau Miller, F. Harold (C), Stop 16'/:, Troy Rd., 
Ave., St. Louis, Mo. Schenectady, N. Y. 

Michaels, E. E. (A), Plant Manager, Chi- aon, Herbert D. (1D), Welder, 207 Schiller 
cago Bridge & Iron Co., P. O. Box 277, Buffalo, N.Y 


Birmingham, Ala. M R I 
Michalak, George (D), Leader (Welder), Miles, Corp ‘Div’ Massillon, 


2505 W. Jefferson, Trenton, Mich. Ohio. 
Michaud, Joseph A. (ID), Welder, Todd Bath Miller, Jack J (D), Welder, Roth Mfg. Co.; 

Iron Shipbuilding Corp.; (Res.) 32 State (Res, ) 2639 W. Rice St., Chicago, Ill. 

St., Portland, Me. — John S. (C), Supervisor of Welding, 
Michel, Clarence H. (C), President, Mary- New York, New Haven & Hartford R. R., 

land Metal Co., Inc., Race & McComas New Haven, Conn 

Sts., Baltimore, Md. Miller, John (B), Metallurgist, Reid Avery 
Michener, Horace W. (1D), Elect. Are Co., Dundalk, Baltimore, Md 

Welder, Baldwin Locomotive Works; Miller, Niels C. (B), President, Miller Elec- 

(Res.) 500 Welcome Ave., Norwood, Pa. tric Mfg. Co., Inc., 905 N. Meade St., 
Middaugh, Gerald V. (C), Supt. of Weldery, P. O. Box 151, Appleton, Wis 

Koppers Co., Bartlett Hayward Div., 200 Miller, Paul A. (C), Welding Supt., Leece 

Scott St., Baltimore, Md. Neville Co. (Res.) 2172 Bunts Rd., 
Middlestead, Charles W. (C), Chief En- Cleveland, Ohio. 

gineer, Federal Machine & Welder Co., nemler, Robert O. (C), Supt., Bethlehem 

Warren, Ohio. Foundry & Machine Co.;* (Res.) 3rd & 
Middleton, R. J. (B), Asst. Chief Engineer, Ridge St., Emaus, Pa 

C. M.S8t. P. & P., 898 Union Sta., Chicago, Miller, Robert Scott (C), Foreman of Shop, 

l. Boston Steel Mfg. Co.; (Res.) 4 Webber 
ae, Jos. M. (C), Vice-President, St., Malden, Mass. 
ideke Supply Co.; (Res.) 2505 N. W. Miller, Sidney J. (B), Instructor in Welding, 

Midnight, Stanley A. (C), Asst. Chief Drafts- Chicago Ave., Chicago, Ill. 

man, American Ship Building Co., 1410 Miller, Vern V. (C), Sale & Service Repre- 

Terminal Tower, Cleveland, Ohio. 


sentative, Hobart Bros. Co., 2762 N. 53rd 
Mihelcic, Joseph (D), Welding Operator, St., Milwaukee, Wis. 
Fruehauf Trailer Co.; (Res.) 4342 Crane Miller, W. B. (B), 


ch Metallurgist, 
Ave., Detroit, Mich. Research Metallurgist 


The Linde Air Products Co., 30 E. 42nd St., 


Miholovich, G. Albert (D), Welder, Western New York, N. 
Pipe & Steel; (Res:) 219 Anderson St., Millette, Millard (C), Research Welding En- 


San Francisco, Calif. 


gineer, A. O. Smith Corp.; (Res.) 2033 N. 
Mika, George (C) , Supt., American Steel Prospect Ave., Milwaukee, Wis. 
Works, 1211 W. 27th St., Kansas City, — paittican, Aubrey J. (D), Welding Foreman, 
pe Wallace Plumbing & Heating Co.; (Res.) 
Mika, H. L. (C), Foreman, Standard Steel 599 W. Sherman St., Paris, Tex 
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Commonwealth Edison Co., 3400 N. 
th 
i 
’ 7 tar} rreratt tes. 
cles St. 
; Mello, Gustav (C), Welding Foreman, a 
- 
Bender Body; (Res.) 1071 Power Ave., 
Menke, O. H. (B), Factory Supt., Hobart ig 
Bros. Co.; (Res.) 321 W. Franklin S8t., 
Troy, Ohio 
roy 
r, 
2 
a Sales izvv Logan, Louis- 
(C), Engineer, The 
Fluor Corp. Ltd., 714 Fairfax Bldg., 
Kansas City, Mo. 
‘ Merricks, Max P. (B), Sales Engineer, aS 
(C), Draftsman, The 
| etroit Edison ©o.; (Res.) 17343 Bir- 
1, Detroit, Mich. 
“ 
Craig St., Watervliet, N. 
Messman, Randall (C), 
Mesta, L. 
Machine 
Pa. 
lan, National 
Te 
M 
inc., loun ot. 
Pa. 
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Milli 
“eee W Acetylene & Elect 
, 632 Prentis, Detroit — City 
Milligan, Robert (C), 8 etroit, Mich. Wer of Bayonne, 1250 C 
Ocean Acc C), Supervising F est New Bri 250 Castlet« 
un Acc. & Guar ig Engineer righton, Sts yn Ave. , 
Ave., New Y« orp. Ltd., 1 Park Moisseiff, Leon S. (B Island, N. Y (Res 135 El 
rk, N.Y. 99 Wall St. New Yc N.Y s.) 135 Elli 
Mills, Ellsworth L.  (B) Vv all St., New York, 4 Pines, 
, Lugene Grand Rapids iana Ave., N.Y. 42nd St Cot 
Boston, Mass es.) 51 Addison St. (Res Welder, Boston Co., P.O. 1700 Banks Mor Moses 
innotte, J. F. ( own, Mass. s.) 13 Morse St., Ws organ, Cliff x 1/02, Houston 
J. F. Beoretary-T , Water- rgan, Clifford E. (C), S Tex. Ni 
Minnotte Brothers Secretary-Treasurer Mongold, Lloyd A. (C Equip. & Weldin ), Supt. of Worl te 
Pa. o., Hays (Pittsburgh), N. Y. N Elect Chicago Union Sta, Chi St. P.& P.R.R., Mosh 
Minton, Miller C. (C vafayette Ave. ard; (Res.) 288 Morgan, Clyd B. ., Chicago, Il. M 
EN Nast - (C), Welding F Mo -- Brooklyn, N. Y fOAS Morg: le B. (B), Propri Most 
iville B ing Fore nroe, L. i. organ We 4 yprietor 
Nashville, ‘Tenn.’ 1204 N. 6th (Ree) ublisher ““Welder’s Ave., 8. Res.) "428" i 
Miranda, Tito (D). El Yhicago, Ill. 2298 E. 70th Place Morgan, G. H. er, Minn. Jth 
Fore River; (Re ‘lect. Welder, Bethlet Monroe, R. P. (B) Service Electric Welding C 
Mas: (Res.) 62 Lawn vehem 19th me (B), Hollup C 2646 ectric Weldi ontractor Moss 
Ave., Quincy, ote St., Chicago, Ill p Corp., 4700 W. Me 5—42nd, W., Seattle W Wel 
o, Peter L. (F nsler, Melvi rgan, J. G se 
(Res.) (F), Ohio State University: cian, H elvin O. (C), Weldi (Res.) rant (C), Structural Engi 
Misciagna, L : Montagli Allis, Wis. Mor 
, Leona gliano, rgan, Jam 
Federal Shi (D), Production Weld American I Bennie (D) WwW gineer, R. (¢ Metallur 
(Res.) 509- uilding ler, Union St socomotive R elder, ine: mama Dry Dock & gical En- uy! 
Walle. (C), Uni , Howard (C), 8 ec 
alls, N.Y. Union Carbide Co., Oxygen Service Engineer (C). Weldi Lou 
el, Charl on, D. C. 37, W oisser & Shalge elding 
can W. (C), Surveyor, A Montee, J ash 148 Walnut Iron Works: (Res. 
clair P of Shipping; (I » 4ameri- ‘orm: ames S. (D), Weldi M ., Brookline, Mass. es 
Mie Westfield Res.) 246 Sin- Apts. Inc.; elding Operator Lester (C). 8 Mass. Oki: 
chell, E. W Ave., Brooklyn, N es.) 203 Nor vompressed Gs esman, Puri M 
Ws (C), Foreman Meates yn, N. Y. man Kansas City ML Corp., 220 E. 74 iritan ous: 
oy ny Y. 9 East Ave., Rochester Tulsa, Okla. 5o., 3523 E. Haskell St., Bridge Engineer “a ), Senior Highway Mow 
Mitchell, Fred E. (C). Engi Moody, Chest stration, Washingto ublic Roads Admin: 
m8 Kellogg Co.; - (C), Engineer, The , gineer, N er S. (C), Me : Morgan gton, D. C. 4 
“ Rosell 0.5 (Res.) 440 E ’ re M. W. B r, Northwest Engi tallurgical En- Ce ’ 7. we (C) Weldi (Re 
e, N. J. Fourth Ave., ay, Wis. ingineering Co., Green Surface ‘I ding Supervisor 
eoney, Bernard (C), Weldi Morzill, Chicago, Ill. (Res.) 7822 Ar 
Birminghan (C), Foreman, F Mooney Morrill, Joh Los Angeles, Calif. 
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es, A. J. (A), Vice-President & General 

anager, Hedges-Walsh-Weidner Div., 
Combustion Engineering Co.; 1032 W. 
Main St., Chattanooga, Tenn. 

s, Henry A. (D), Elect. Welder, U. 

— Yard, Box 81, Navy Yard, Charice: 
ton, s. 

Mosher, Leland Cc. (C), Owner & Manager, 
Mosher Garage, Cattaraugus, 

Mosier, E. L. (C), Steel Tank Construction, 
Chicago Bridge & Iron Co.; (Res.) 
R.F.D. 1, Oswegatchie, N. Y. 

Moss, Ashley R. (B), Welding Engineer, 
Welding Research Section, Woolewich 
Arsenal; (Res.) 100 Haverstock Hill, 
Hampstead, London, N. W. 3, England. 

Moss, Herbert H. (B), Development Dept., 
The Linde Air Products Co., 686 Freling- 
huysen Ave., Newark, N. J. 

Moss, N. F. (C), Welding Supt., Wagner 
Elect. Corp.; (Res.) 7508 Wayne, St. 
Louis, Mo. 

Mossholder, M. G. (C), Partner, Oklahoma 
City Machine Works, 1633 W. Main St., 
Oklahoma City, Okla. 

Mousseau, Kenneth A. (C), Structural En- 
gineer, Crown Iron Works; (Res.) 1510 
W. Crawford Ave., St. Paul, Minn. 

Mowatt, Theodore A. (C), Asst. Welding En- 
gineer, Navy Yard, W ashington, D. C.; 
(Res.) P. O. Box 224, College Park, Md. 

Mower, Dexter A. (B), Teacher, Mechanics 
Arts H. §.; (Rea) 40 Walnut St., Sharon, 
Mass. 

Moxley, T. R. (C), Master Mechanic, Wheel- 
ing Steel Corp., Steubenville Works, 
Steubenville, Ohio. 

Moyer, Herman (C), Foreman, R. G. Le 
Tourneau Inc.; (Res.) 743 N. Glen Oak, 
Peoria, Ill. 

Moyer, Ned S. (D), Welder, Cramp Ship- 
building Co.; (Res.) Main St., Hulme- 
ville, Pa. 

Moynahan, George B. (B), General Pub- 
licity Dept., The Oxweld Railroad Service 
Co., 230 N. ‘Mic higan Ave., Chicago, Ill. 

Mozley, Paul P. (B), Materials & Process 
Engineer, Lockheed Aircraft Corp., En- 
gineering Dept., Burbank, Calif. 

Muckleroy, J. M. (C), Salesman, United 
Welding Supply Co., 3118 Harrisburg 
Bivd., Houston, Tex. 

Mueller, A. E. (B), Master Mechanic, 
Tonawanda Iron Corp., River Rd., Tona- 
wanda, N. Y. 

Mueller, Fred J. (C),- Welding Foreman, 
C. 8. Corp.; (Res.) 3733 E. 60th St., 
Huntington Park, Calif. 

Mueller, George C. (C), Structural Fore- 
man, Cullen Friestedt Co.; (Res.) 4301 
Potomac Ave., Chicago, Ill. 

Mueller, Joe A. (B), Chief Inspector, The 
Heil Co.; (Res.) 3311 8. 15th Place, Mil- 
waukee, Wis. 

Mueller, Raymond A. (C), Testing En- 
gineer in Welding Research, Crane Co.; 
(Res.) 6110 S. Tallman Ave., Chicago, Ill. 

Mueller, Robert E. (C), Apparatus Repair- 
man, ‘1778 Rosedale Ave., E. Cleveland, 
Ohio. 

Mueller, Rudd O. (C), Salesman, Air Re- 
duction Sales Co.; (Res.) 4908 N. Cum- 
berland Blvd., Milwaukee, Wis. 

Muir, Jas. A. (C), District Manager, Taylor- 
Winfield Corp. 1239 Chrysler Bldg., New 
York, N. Y. 

Mullane, Leo T. (B), Welding Supervisor, 
Diebold Safe & Lock Co.; (Res.) 2621 
Clyde, 8. W., Canton, Ohio. 

Muller, Albert (C), Resistance Research 
Welding, Rensselaer Polytechnic Inst., 
Dept. of Metallurgy, Troy, 

Muller, Jules (B), 10743 8S. Wood St., 
Chicago, Ill. 

Mullin, Alfred N. (B), President & Manager, 
Islands We ‘iding & Supply Co., Ltd., P. O 
Box 94, Honolulu, T. H. 

Mulroony, P. M. (C), Sales Dept., Air Re- 
duction Sales Co.; (Res.) 258 Maryland 
Ave., Paterson, N. J 


Mulvale, Edward (C), Welder Foreman, 


International Petroleum Co.; (Res.) 
Talara Club, Talara, Peru, South America. 

Munro, A. L. (B), Secretary & Chief En- 
gineer, Smith Engineering Works, 532 E. 
Capitol Drive, Milwaukee, Wis. 

Munschauer, George E. (C), Treasurer, 
Niagara Machine & Tool Works, 683 
Northland Ave., Buffalo, N. Y. 

Murcell, U. C. (B), President, U. C. Murcell, 
Inc., 5400 Santa Fe Ave., Los Angeles, 
Calif. 

Murphy, Charles P. (C), Naval Architect, 
Bureau of Marine Insp. & Navigation; 
(Res.) 206 Plymouth St., Silver Spring, 
Md. 

Murphy, J. J. (B), Engineer, The Linde Air 
Products Co., 30 E. 42nd St., New York, 

Murphy, Matthew (C). Elect. & Acetylene 
Welder, Waterbury Farrel Foundry & 
Machine Co.: (Res.) 16 Washington St., 
Waterbury, Conn. 

Murphy, W. E. (B), Manager, Power Sales 
Dept., Northern States Power Co., Min- 
neapolis, Minn. 

Murr, T. (B), Welding Engineer, Link Belt 
Co., 300 W. Pershing Rd., Chicago, IIl. 

Murray, Edward M. (C), Master Mechanic, 
Cincinnati Gas & Electric Co.; (Res.) 
Miami Ave., Columbia Park, Ohio. 

Murray, Jackson L. (D), Electric Welder, 
Ist Class, Norfolk Navy Yard; (Res.) 
1006 Manteo St., Norfolk, Va. 

Murray, James F. (B), Supt., Ross Heater & 
Mfg. Co., 1407 West Ave., Buffalo, N. Y. 
Murray, James G. (C), Draftsman, Panama 
Canal, P. O. Box 623, Diablo Heights, 

Canal Zone. 

Murray, J. J. (B), General Supt., Heltze 
Steel Form & Iron Co., Warren, Ohio. 

Murray, T. L. (D), Welder, The Texas Co.; 
(Res.) 3309 11th St., Port Arthur, Tex. 

Murray, Thomas O. (C), Elect. Welder, 
U. 8. Coast Guard Yard; (Res.) 111—5th 
Ave., Brooklyn Park, Brooklyn, Md. 

Murrell, Eric H. (B), Chief Inspector, 
United Engineers & Constructors, Inc., 
1401 Arch St., Philadelphia, Pa. 

Mursch, Alfred (C), Maintenance Welder 
Gas & Electric, Jaunty Fabric Corp., 
% Barbizon Corp., 720 Birch St., Scranton, 
>a. 

Murta, Clarence (C), Arc Welder, Massy- 
Harris Co.; (Res.) Alexander, N. Y. 

Muzzicato, Leonard (D), Welder, Federal 
Shipbuilding Corp.; (Res.) 360 Franklin 
Ave., Belleville, N. J. 

Myck, Harold (D), 618—60th St., Brooklyn, 
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Myers, Carl O. (B), Secretary-Treasurer, 
Natl. Board of Boiler & Press. Ves. Insp., 
145 N. High St., Columbus, Ohio. 

Myers, Robert D. (B), Service Engineer, 
Ind. Oxygen Co.; (Res.) 157 Spruce St., 
Plainfield, Ind. 

Myers, William M. (C), Welder, Cleveland 
Pneumatic Tool Co.; (Res.) 4062 W. 
140th St., Cleveland, Ohio. 
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Naegle, W. R. (C), Welder, Kirk & Blum 
Mfg. Co.; (Res.) 1952 Stirling Ave., 
North College Hill, Cincinnati, Ohio. 

Naes, Birger (C), Associate caret Engineer, 
Supervisor of Shipbuil: ling, U.S.N.; (Res.) 
7040 Colonial Rd., Brooklyn, N. Y. 

Nafzger, Edwin (B), Development Engineer, 
Toledo Steel Tube Co., 2105 Smead Ave., 
Toledo, Ohio. 

Nagin, Harold (B), Chief Engineer, Reliance 
Steel Products Co., McKeesport, Pa. 

Nagy, William J. (C), Welding Instructor 
Board of Education; (Res.) 2302 Rich- 
field Rd., Flint, Mich. 

Nairn, John (C), Supt., Geo. W. Reed & Co. 
Ltd., 4107 Richeliue, St. Montreal, Que., 
Canada. 

Nardi, Arthur (D), Welder, American Loco- 
motive Co.; (Res.) 1350 Parkwood Blvd., 
Schenectady, N. Y. 
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Nardiello, Manuel V. (B), Director, Toledo 
Testing Lab., 1810 N. 12th St., Toledo, 
Ohio. 

Nash, James E. (DD), Welder, Flour City 
Welding; (Res.) 3016 Blaisdell Ave., 
Minneapolis, Minn. 

Nash, Roland E. (C), Instructor, Federated 
Shipways Welding Instructor; (Res.) 
General Delivery, Las Vegas, Nev. 

Nass, Fred A. (D), Welder, Bullard Co.; 
(Res.) 23 Arcadia Ave., Stratford, Conn. 

Nation, Robt. B., (B), District Manager, 
International Nickel Co., 915 Shoreham 
Bidg., Washington, D. C. 

Nauman, Leonard (D), Welder, Electro- 
Motive Div., General Motors; (Res.) 
10948 Vernon Ave., Chicago, Ill. 

Naylor, Cash E. (C), Technical Training 
Inst., 1358 Grandville Ave., 8. W., Grand 
Rapids, Mich. 

Neal, Frank C., Jr. Are Welding Special- 
ist, Ge neral E ‘hora hy 1801 N. Lamar, 
Dallas, Tex. 

Near, Augustus E. (C), Works Lab., General 
Electric Co.; (Res.) 121 Rosendale Rd., 
Schenectady, N. Y. 

Neeld, Robert S. (C), Weld Leader, Beth- 
lehem Fairfield Shipyard; (Res.) 2812 
Neeld Ave., Pittsburgh, Pa. 

Neely, A. C. (C ), Supt. of Field _ h. Equip- 
ment, The Lihue Plantation, Lihue, T. H. 

Neet, J. G. (B), Salesman, The Linde Air 
Aya Co., National Bank of Tulsa 
Bidg., Tulsa, Okla 

Negron, Daniel Remen C), Welding Instruc- 
tor, National Defense Training Program; 
(Res.) Comercio St., No. 53, W. Steven's 
Shop, Ponce, Porto Rico. 

Neidick, Albert (D), Leadingman Welder, 
Todd-Bath Shipbuilding Corp.; (Res.) 
2 Riverside Drive, North Reading, Mass. 

Neill, N. R. (C), Welder, Marshal! Field & 
Co.: (Res. ) 7605 S. Union Ave., Chi- 
cago, Ill. 

Neitzel, Henry C. (A), Supt., The White- 
head & Kales Co., 58 Haltiner, River 
Rouge, Mich. 

Nelson, Ernest (1D), Welder, Western Pipe 
& Steel Co.; (Res.) 1334 San Bruno Ave., 
San Francisco, Calif. 

Nelson, F. C. (C), Metallurgist, Marquette 
Mfg. Co., 15-17 Second St., 8S. E., Min- 
neapolis, Minn 

Nelson, Paul George (D), Metallurgist, 
Edw. G. Budd Mfg. Co.; Res.) 709 
Church Lane, Philadelphia, Pa. 

Nelson, Julius (C), Welder, U. 8. En- 
gineers; (Res.) Rio Vista, Calif. 

Nelson, J. T. (C), Asst. Sales Manager, Air 
Reduction Sales Co., 3623 E. Mar- 
ginal Way, Seattle, Wash. 

Nelson, Robert V. (D), Welder, Western 
Pipe & Steel Co.; (Res.) 531 Visitation 
Ave., Brisbane, Calif. 

Nelson, Roland (D), Welding Operator, 
Star Electric Co.; (Res.) 112 Floyd Ave. 
Bloomfield, 

Nelson, Ted (C), Leadingman Welder, 
Nelson Specialty Welding Equip. Co., 
440 Peralta St., San Leandro, Calif. 

Nelson, Tom H., Jr. (C), Sales, Arcos Corp.; 
(Res.) 8th & Oak Sts., North Wales, Pa. 

Nelson, T. Holland (B), Consulting Engineer, 
T. Holland Nelson Metallurgical Lab., 
Villanova, Pa. 

Nelson, W. Roland (D), Welding Instructor 

Fore man, Ford Motor Co.; Res.) 
1678 Hartford Ave., St. Paul, Minn 

Nesbitt, W. S. (C), Plant Manager, Chicago 
Bridge Iron Co Greenville Pa 

Nesler, R. P. (C), Industrial Engineer, Ox- 
weld Acetylene Co., 646 Frelinghuysen 
Ave., Newark, N. J. 

Netchvolodoff, V. V. (C), Welding Engineer, 
Hill Equipment Engineering Co., 4135 
Gratiot St., St. Louis Mo 

Netherwood, J. S. (C), Asst. 8.M.P. & E., 
Southern Pacific Lines, 913 Franklin Ave 
Houston, Tex 
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Neumann, J. A. (C), Actarc, Inc., 5806 
Hough Ave., Cleveland, Ohio. 

Neumann, Michel (D), 1521 Mt. Vernon 
St., Philadelphia, Pa. 

Neumann, Othon G. (C), District Manager, 
Bastian-Blessing Co., P. O. Box 139 
Mexico, D. F., Mexico. 

Nevin, K. S. (B), General Manager, Railway 
and Industrial Engineering Co., P. O. 
Box 98, Greensburg, Pa. 

Nevin, J. William (C), Electric Welder, 
— Kodak Co., W. Main St., Avon, 


Nevius, John (D), Sales Engineer, Lincoln 
Electric Co., 323 E. 23rd St., Chicago, Il. 

Newburn, S. H. (C), Salesman, The Air 
Reduction Sales Co.; (Res.) 3695 Strand- 
hill Rd., Shaker Heights, Cleveland, Ohio. 

Newby, Howard L. (C), Member of Firm, 
Hockaday-Newby Aircraft, Inc., 1430 
Elm Ave., Glendale, Calif. 

Newcom, Harlen W. (B), Service Engineer, 
National Cylinder Gas Co.; (Res.) 9919 
5S. Aberdeen St., Chicago, 

Newell, D. Harold (B), Chief Metallurgist, 


The Babcock & Wilcox Tube Co., Beaver 


Falls, Pa. 


Newell, J. C. (C), Manager Welding Dept., 
The Steel Co. of Canada Ltd., 525 Do- 
minion St., Montreal, Canada. 

Newhall, M. H. (C), Chief Draftsman, 
Robberson Stee! Co., Oklahoma City, 
Okla. 

Newkirk, R. M. (C), Foreman, Beech Air- 
craft Co.; (Res.) 1553 N. Poplar, Wichita, 
Kan. 

Newton, Byron E. (C), Inspector of Naval 
Materials (Mech.), U. S. Navy; (Res.) 
809 W. 104th St., Los Angeles, Calif. 

Newton, G. H. (B), Operating Manager, 
Graver Tank & Mfg. Corp., East Chicago, 
ne 

Newton, Robert H. (B), District Manager, 
The Lincoln Electric Co., 200 Sexton 
Bldg., Minneapolis, Minn. 

Nichols, C. R. (C), The Cleveland Elec, 
Ilimtg. Co., 75 Public Square, Cleveland, 
Ohio. 

Nichols, Leonard E. (C), Welding Engineer, 
National Elec. Welding Mach. Co., 
6-255 General Motors Bldg., Detroit, 
Mich. 

Nicholson, John E. (D), Welder, Brooklyn 
Navy Yard; (Res.) 36 Atlantic St., 
Jersey C ity, N. J. 

Nick, R. P. (B), Manufacturer’s Repre- 
sentative, Representing Champion Rivet 
Co.; P. O. Box 56, Downingtown, Pa. 

Nickell, K. V. (C), Salesman, Air Reduction 
Sales Co., Birmingham, Ala. 

Nickum, William C. (B), Naval Architect, 
W. C. Nickum & Sons, 300 Polson Bldg., 
Seattle, Wash. 

Niebanck, Richard J. (C), Chief Engineer, 
National ( ‘arbide C orp. ; (Res.) 27 Seneca 

, Dobbs Ferry, N. 

Cc. (C), Manager of Welding 
Sales, Mid-States Equip. Co., 2137 8. 
Wabash Ave., Chicago, Ill. 


Nielson, Howard (B), Paper Calmenson & 
Co., 975 E. Seventh St., St. Paul, Minn. 
Nielson, William (D), Welder, Sullivan 
Dry Dock & Repair Corp.; (Res.) 6742 
Ridge Blvd., Brooklyn, N. Y 

Nienaltowski, Stephen F. (1D), Welder, 
American Locomotive Co.; (Res.) 111 
Walnut St., Schenectady, N. Y. 


Nigh, G. W. (B), Asst. Mech. Supt., Tide 
Water Assoc. Oil Co., Bayonne, N. J. 


Nigriny, Victor (C), Welder, Baldwin Loco- 
motive Works; (Res. ) Drexel Court, Apt. 
319, Drexel Hill, Pa. 


Niles, R. B. (C), Vice-President, Marquette 
Mfg. Co., 409 Johnson St., N. E., Minne- 
apolis, Minn. 

Nishimura, Kenichi (C), Welder, Honolulu 
Plantation Co., Aiea, Oahu, T. i. 


Nissen, Paul (C), Welder, Sub-Foreman, 


Western Pipe & Steel Co.; (Res.) 237 
Corona Ave., Long Beach, Calif. 
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Nixon, George M. (F), Canadian Allis- 
Chalmers Co., Shipsaw, Que., Canada. 
Noble, Charles R. (C), Welding Foreman, 
Dravo Corp.; (Res.) 2210 Jessup St., 

Wilmington, Del. 

Noe, Thomas Pasteur, Jr. (B), Production 
Manager, Carolina Steel & Iron Co.; 
(Res.) 2401 Sylvan Rd., Greensboro, N. C. 

Noguchi, I. J. (B), Welding Instructor, 
ayo Steel Co.; (Res.) 3983 E. 123rd 

, Cleveland, Ohio. 

nan Paul E. (B), Chief Engineer, Plate 
Div.. Consolidate d Steel Corp., Box 6880, 
East Los Angeles Br., Los Ange sles, Calif. 

Noonan, Thos. J. (B), Asst. Supt., The East 
Ohio Gas Co., Foot of E. 62nd St., Cleve- 
land, Ohio. 

Noret, Cleland C. (C), Branch Manager, 
Oklahoma Oxygen Co. & Big Three Weld- 
ing Equipment Co.; (Res.) Box 14, 
Warr Acres Branch, Oklahoma City, 
Okla. 

Norman, Lawrence (1D), Welder, Thomas A. 
Edison, Inc.; (Res.) 340 N. 7th St., 
Newark, N. J. 

Norris, Walter T. (C), District Engineer, 
American Inst. of Steel Construction, 303 
Sharon Bldg., San Francisco, Calif. 

Northcutt, Harold W. (B), Asst. Yard Man- 
ager, Bethlehem Steel Co., Inc., Ship- 
building Div., Mariners Harbor, Staten 
Island, N. Y. 

Norton, Edward M. (B) Foreman, Woods 
Newspaper Mach. Corp.; (Res.) 573 
Bound Brook Rd., Dunellen, N. J. 

Norton, Harold W. (B), Chief Tool En- 
gineer, Republic Aviation Corp.; (Res.) 
663 S. Alvord Blvd., Evansville, Ind. 


Norton, John H. (C), Chief Instructor, Mid- 
west School of Welding, Inc., 203 S. 10th 
St., 7th Floor, Omaha, Neb. 


Norton, Peter J. (C), Boiler Maker & Weld- 
ing Foreman, Monsanto Chemical Co.; 
(Res.) 7 Forest Circle, Winchester, Mass. 


Norton, Roy (B), Welding Engineer, Har- 
nischfeger Corp.; (Res.) 2909 N. 46th St., 
Milwaukee, Wis. 

Norton, Walter (C), Owner, Norton's 
Welding Shop, 910 W. 3rd St., Tulsa, Okla. 


Nosse, Rudy (C), Welding Engineer, Una 
Welding Co., 1615 Collamer Ave., Cleve- 
land, Ohio. 


Nourie, Leonard R. (B), Resistance Welding 
& Sheet Metal Machinery, Leonard R. 
Nourie, 1229 Park Bldg., Pittsburgh, Pa. 


Novotny, E. G. (C), Welding Technician, 
Combustion Engineering Co., 200 Madi- 
son Ave., New York, N. Y. 


Noy, Jack M. (C), Chemical Engineer, 
limax Molybdenum Co.; (Res.) 207— 
5th St., MeDonald, Pa. 


Noyes, Mason S. (C), Senior Marine En- 
gineer, Bureau of Ships, Navy Dept.; 
(Res.) 4819—24th, Rd., N., Livingston 
Heights, Arlington, Va. 

Nuckolls, Emmett B. (C), Asst. Mech. En- 
gineer, Special Engineering Div., Panama 
Canal; (Res.) P. O. Box 279, Diablo 
Heights, Panama, Canal Zone. 


Nussbaum, Charles (C), Welding Foreman, 
Davis Welding & Mfg. Co., 1110 Rich- 
mond St., Cincinnati, Ohio. 

Nylon, Richard (D), Welding Operator, Ace 
Welding Co.; (Res.) R.F.D. 2, Bristol, 
Pa. 


Nystrom, Carl (C), Foreman, Mfg. Plant, 
Edw. E. Johnson, Inc.; (Res.) 2304 Long 
Ave., St. Paul, Minn. 

Nystrom, K. F. (B), Mechanical Asst., Chief 
Operating Officer, C. M. St. P. & P.R.R. 
Co., Milwaukee, Wis. 

Nystrom, Karl T. (B), Asst. Chief Engineer, 


Standard Railway Equipment Mfg. Co., 
Hammond, Ind. 


Ober, Walter (D), Welder, Whitehead Metal 
Products Co.; (Res.) 991 Eastern Ave., 
Malden, Mass. 
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Ober, W. T. (B), Vice-President, Thomson- 
Gibb Elec. Welding Co., Lynn, Mass. 

Oberst, Hugh J. (D), Welder, Jacob Ruppert 
Brewery, Inc.; (Res.) 5060—45th s;: 
Woodside, L. I., N. Y. 

Obert, C. W. (B), Engineering Dept., The 
Linde Air Products Co., 30 E. 42nd St., 
New York, N. Y. 

O’Brian, Wm. (C), Chief Inspector, R. W. 
Hunt Co., 1151 8. Broadway, Los Angeles 
Calif. 

O’Connor, Michael (B), Plant Shop Foreman 
Heltzel Steel Form & Iron Co., Warren, 
Ohio. 

O’Day, L. W. (C), Manager, The Lincoln 
Electric Co., 307 E. State St., Peoria, lil. 
Odell, Aden G. (B), Lecturer & Director of 
Welding, Denver Public School System: 

(Res.) 960 8. Williams, Denver, Colo. 

O'Donnell, Edward R. (D), Operator, Danly 
Machine Spec.; (Res.) 2106—5ist Court 
Cicero, Il. 

O'Donnell, James (D), Test Welder, Metal 
& Thermit Corp.; (Res.) 319 Willow 
Ave., Lyndhurst, N. J. 

Oechsle, S. John (C), President, Metalweld, 
Inc., 2617 Hunting Park Ave., Philadelphia, 
Pa. 

Oehler, Alfred G. (B), Editor, Simmons 
Boardman Pub. Co., 30 Church St., New 
York, N. 

Oesterlein, Wm. J. (B), Chief Elect. En- 
gineer, Harnischfeger Corp., 4400 W. 
National Ave., Milwaukee, Wis. 

Ogden, Roland H. (C), President, Aladdin 
Rod & Flux Mfg. Co., Box 935, Madison 
Square Sta., Grand Rapids, Mich. 

Ogden, Russell C. (D), Welding Supervisor, 
Atlantic Refining Co.; (Res.) 226 La Carra 
Drive, Lansdowne, Pa. 

Ogilvie, Douglas C. (C), Welding Consult- 
ant, Chas. W. Krieg Co., Inc.; (Res.) 
Chestnut Drive, Packanack Lake, N. J. 

Ogilvy, Norman (D), Are Welder, Federal 
Shipbuilding & Dry Dock Co.; (Res.) 
71 Grove St., Montclair, N. J. 

O'Halloran, Thos. S. (C), Ordnance En- 
gineer, Bureau of Ordnance, U. 8. Navy 
Dept., U. 8S. Naval Gun Factory; (Res.) 
313 N. Irving St., Arlington, Va. 

Ohldag, Henry H. (D), Are Welder, Cali- 
fornia Shipbuilding Corp.; (Res.) Y.M.- 
C.A., San Pedro, Calif. 

Ohlesen, W. C. (C), Plant Engineer, Federal 
Shipbuilding & Drydock Co., Kearny, 
N. J. 

O’Kane, James (C), Surveyor, American 
Bureau of Shipping; (Res.) 3206 Avon 
Ave., Baltimore, Md. 

O'Keefe, Wm. J. (D), Welding Operator, 
General Electric Co.; (Res.) 34 Summit 
Ave., Everett, Mass. 

O’Laughlin, P. M. (C), General Supt., 
Dravo Corp.; (Res.) 1509 Vance Ave., 
Coraopolis, Pa. 

Olcott, Floyd B. (B), Metallurgist, Shirley 
Olcott & Nichols, 726 Mills Bldg., Wash- 
ington, D. C. 

Oldenkamp, Henry A. (B), Welding Con- 
sultant, Warner & Swasey Co., 5701 
Carnegie, Cleveland, Ohio. 

Oldman, Nelson E. (B), Secretary, Oldman 
“ Works, 32 Illinois St., Buffalo 


Olds, Edwin W. (B), Welding Service En- 
gineer, Victor Equipment Co.; (Res.) 
1331—6 1st Ave., Oakland, Calif. 

Olin, Clinton H. (D), Welder, Northern 
Pump Co.; (Res.) 4220—3l1st Ave., &., 
Minneapolis, Minn. 

Oliver, Frank J. (C), Technical Editor, The 
ig Age, 100 E. 42nd St., New York, 


Olsen, Martin (C), Welder, Brooklyn Navy 
Yard; (Res.) 386 Bergen Ave., Jersey 
City, N. J. 

Olson, Albert C. (B), Instructor, Dunwoody 
Ind. Inst.; (Res.) 4154 Reservoir Blvd.; 
Columbia Heights, Minn. 

Olson, Albert M. (D), Welder, Standard Oi 
i (Res.) 744 Eaton St., Elizabeth, 
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Olson, I. T. (C), Sales Rep., The Linde Air 
Products Co., 4228 Forest Park Blvd., 
St. Louis, Mo. 


Oltman, Frederick (D), U. S. 


Maritime 
Inspector; (Res.) 3739 Foothill Blvd., 
Oakland, Calif. 

O'Malley, Fred J. (C), Asst. Supt. of Oper- 
iting Maintenance, Philadelphia Elect. 
Co Res.) 125 Fern St., Darby, Pa. 

Ondrasik, Joseph (D), Welding Operator, 
Hemphill Schools; (Res.) 337 E. 94th 
St., New York, N. Y. 

O'Neal, A. R. (B), Asst. Dist. Manager, The 
Linde Air Products Co., 30 E. 42nd St., 
New York, N. Y. 

O'Neil, Edgar (B), Welding 
E Kodak Co.; 

. Rochester, N. Y. 

O'Neill, J. J. (C), Elect. Welder, U. 8S. 
Government, Box 2288, Cristobal, Canal 
Zone. 

O'Neill, James W. (B), Chief Engineer, 
Trane Company of Canada Ltd., 4 Mowat 
Ave., Toronto, Ontario, Canada. 

O’Quinn, John D. (C), 
makers, Blacksmith & Welders, Pan- 
American Ref. Corp.; (Res.) 302—11th 
Ave., N., Texas City, Tex. 

O'Reilly, G. A. (C), Williams & Co., 901-937 
Penn. Ave., N. S., Pittsburgh, Pa. 

O'Reilly, J. Shewns (C), Code Welder, The 
J. G. White Engineering Corp.; (Res.) 
2506 Davidson Ave., New York, N. Y. 

O'Reilly, John J. (D), Welder, Cornell & 
Underhill; (Res.) 310—15th St., Union 
City, 

O’Rorke, Joseph B. (C), Welding Super- 
visor, Eastman Kodak Co.; (Res.) 17 
Belford Drive, Rochester, N. Y. 

O'Rourke, J. J. (C), General Elec. Co., 187 
Spring St., N. W., Atlanta, Ga. 

Orr, Clifford M. (B), Development En- 
gineer, Chicago Bridge & Iron Co., 1305 
W. 105 St., Chicago, Il. 

Orr, John O. (C), 2118 Edmund St., Pine 
Lawn, Mo. 

Orso, M. P. (C), Boiler Shop Foreman, Oahu 
Railway & Land Co., Honolulu, T. I 

Osborne, Geo. A. (C), Welder, Kansas Gas 
& Elec. Co., Wichita, Kan. 

Osborne, M. J. (C), Welder Foreman, 
Breese Bros. Co.; (Res.) 244 Earnshaw, 
Cincinnati, Ohio. 

Osborne, William S. (C), Vocational Weld- 
ing Instructor, Timken Vocational School; 
(Res.) 18S—9th St., a E., Massillon, Ohio. 

Osburn, E. R. (B), General Supt., Texas- 

‘ew Mexico Pipe Line Co., Box 1860, 
Midland, Tex. 

Osmin, Basil (B), Supervisor of Welding, 
United Engineers & Constructors, Inc., 
1401 Arch St., Philadelphia, Pa. 

Ostermann, Henry (D), Elect. Welder, 
Federal Shipbuilding & Drydock Co.; 
a 2 Delawanna Ave., Delawanna, 

Ostrom, K. W. (B), Welding Technician, 
Arcos Corp.; (Res.) 213 Glen Gary Drive, 
Manoa, Pa. 

Ostronik, Rudolph C. (D), Owner, Rudy's 
Welding Works, 6430 McKinley Ave., Los 
Angeles, Calif. 

Ott, Albert C. (C), Purchasing Dept., 
Curtain Co., Inc., 1120 N. 
Elkhart, Ind. 


Ovaska, Walter A. (C), District Supervisor, 
Applied Engineering Dept., The Air Reduc- 
tion Sales Co.; (Res.) 5 Artwill St., Milton, 
Mass. 

Ove, Val W. (C), Sales Representative, 
Eutectic Welding Alloys Co.; (Res.) 647 
wis Virginia St., Room : 205, Milwaukee, 

is 


Overton, Lynn S. (C), Welding Foreman, 
Lakeside Bridge & Steel Co.; (Res.) 
4979 N. 36th St., Milwaukee, Wis. 

Overturf, Clarence A. (C), Salesman, Hobart 
Bros. Co., 5257 Trumbull, Detroit, Mich. 

Overturf, Ray W. (C), Asst. Welding Supt., 


Brown Shipbuilding Co.; (Res.) Rt. 5, 
Box 685, Houston, Tex. 


Engineer, 
(Res.) 79 Argyle 


Foreman Boiler- 


Excel 
Main S8t., 


Ovestrud, Melvin (B), Vice-President & 
Supt., Pioneer Engineering Works, Inc., 
1515 Central Ave., N. E., Minneapolis, 
Minn. 

Owen, Harvard J. (C), Welding Leadman, 
Vega Airplane Co.; (Res.) 610 E. Valen- 
cia, Burbank, Calif. 

Owen, John C. (B), Sales Dept., 
Calorific Co.; 
Lakewood, Ohio. 

Owens, Clarence R. (C), Welding Specialist, 
General Electric Co., 826 Russ Bldg., San 
Francisco, Calif. 

Owens, Frank J. (D), Welding & Cutting, 
Nevins Ship Yard; (Res.) 32 Linden St., 
Yonkers, N. Y. 

Owens, J. W. (B), Director of Welding, 
Fairbanks Morse & Co., Beloit, Wis. 

Owens, Roy (B), Fisher Body Tank Div.; 
(Res.) 2142 Barnum Court, R. D. 1, 
Fenton, Mich. 

Owings, Stephen B. (C), Sales Engineer, 
A. O. Smith Corp., W eld Rod Sales Dept., 
Milwaukee, Wis. 

Oxley, Harry (C), Weld Instructor, Dravo 
Corp.; (Res.) 1204 Fairview Ave., Holly 
Oak Terrace, Wilmington, Del. 


Harris 
(Res.) 1605 Wagar Ave., 
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Page, F. A. (B), Supervising Engineer, 
Boiler Section, Industrial Accident Com- 
mission, State Bldg., Room 157, San Fran- 
cisco, Calif. 

Page, Lee E. (C), Salesman, Puritan Com- 
pressed Gas Corp.; (Res.) 4210 Wabash 
Ave., Kansas City, Mo. 

Pahlow, Irving (C), Marine Surveyor, Ameri- 
can Bureau of Shipping, 660 Rockefeller 
Bldg., Cleveland, Ohio. 

Pahmeyer, Fred O. (C), 
Glendale, Mo. 

Painter, Jack (C), Asst. Welding Engineer, 
Tampa Shipbuilding Co., Inc.; (Res.) 
521 E. Caracas, Tampa, Fla. 

Painter, J. H. (C), Salesman, Welding En- 
gineering Sales Corp., 110 E. 42nd St. 
New York, N. Y. 

Pajerowski, Theodore E. (C), Welding Fore- 
man, Dravo Corp.; (Res.) 224 Stroud St., 
Wilmington, Del. 

Palmer, H. (B), Asst. Master Mechanic, 
Consolidated Mining & Smelting Co. of 
Canada, Ltd., Trail, B. C., Canada. 

Palmer, H. C. (A), St. Paul Structural Steel 
Co., St. Paul, Minn. 

Palmer, Harry L. (C), Electrical Engineer, 
General Electric Co.; (Res.) 1113 Garuer 
Ave., Schenectady, N. Y. 

Palmer, John C., Jr. (C), X-Ray Technician, 
York Safe & Lock Co.; (Res.) 419 M. 
George St., York, Pa. 

Palmer, M. A. (C), Plant Supt., The Air 
Preheater Corp., Wellsville, N. Y. 

Palmer, Robert (C), Supervisor, General 
Electric Co.; (Res.) 55 Balltown Rd., 
Schenectady, N. Y. 

Palmer, Robert (C), Asst. to Vice-President, 
Ingalls Iron Works Co., Birmingham, Ala. 

Palmer, Walter (B), Manager Eastern Div. 
Hollup Corp., 2136—S5th North 
Bergen, N. J 

Palmer, William N. (D), Gas & Are Welder 
and Burner, Permanente Metals Corp.; 
(Res.) 949 Hilmar St., Santa Clara, Calif. 

Palughi, George (D), Welder, Federal Ship- 
building & Drydock Co.; (Res.) 17A 
Center St., Jersey City, N. J. 

Pandolfi, Al. (C), Welding Salesman, Steel 
Sales Corp., 647 Virginia St., Milwaukee 
Wis. 

Paolina, A. G. (C), Welding Foreman, Cin- 
cinnati Milling Machine Co.; (Res.) 
3528 Madison Park Ave., Oakley, Cin- 
cinnati, Ohio. 


Pape, Henry E. (C), 


224 Edwin Ave., 


Welding Foreman, 


Hughes Tool Co.; (Res.) 4927 Leeland, 
Houston, Tex. 
Papier, Albert M. (D), Welder, R. G. Le 


Tourneau, Inc.; (Res.) 701 Jackson St., 
Peoria, Ill. 
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Paquette, George J. (B), The Williams 
Hardware Co., P. O. Box 540, Minneapolis, 
Minn. 

Parker, Charles (D), Wek ler , Federal Ship- 
- ling & Drydock Co.; (Res.) 9 Miller 

, Newark, N. J. 

Sete Jack (D), Welder, Board of Edu- 

cation; (Res.) 558 Flint St., Rochester, 


Parker, J. H. (B), Sales Engineer, National 
Cylinder Gas Co., Columbus, Ohio. 

Parker, Jack S. (C), Supt. of Steel Con- 
Struction, Houston Shipbuilding Corp.; 
(Res.) 3802 Julius Lane, Houston, Tex. 

Parker, James S. (B), Proprietor & Welding 
Supt.; Parker's We ~ ing Service, 65 
Roosevelt Ave., Batavia, N. Y 

Parks, Chas. (B), Bullard Co., 
Bridgeport, Conn. 

Parks, John M. (C), Instructor, Rensselaer 
Polytech. Inst., Ricketts Lab., T roy, N. Y 

Parson, Harry E. (B), Sheet Metal Dept. 
Head, Aluminum Ore Co., 3300 Missouri 
Ave., East St. Louis, Ill 

Parsons, Charles (C), Welding Supervisor, 
Bos-Hatten, Inc.; (Res.) 274 W. Girard 
Bivd., Kenmore, N. Y. 

Parsons, Garrett S. (B), District Manager, 
The Lincoln Electric Co., 812 Mateo St., 
Los Angeles, Calif. 

Parsons, James N., Jr. (C), Development 
Engineer, Elliot Co., Jéanette, Pa. 

Parsons, William R. (C), Welding Instructor, 
Dravo Corp.; (Res.) Box 64, Holly Oak, 
Del. 

Partiot, Maurice (B), Consulting Engineer, 
Specialty Equipment & Machinery Corp., 
230 Park Ave., New York, N. Y. 

Partridge, Morris A. (B), Instructor, Orange 
County Defense School, P. O. Box 1603, 
Orlando, Fla. 

Partridge, William F. (C 
gineer, Grumman Aircraft 
Corp., Bethpage, L. I., N. ¥ 

Paschke, Paul (C), Welder, Chicago Rivet & 
Machine; (Res.) 140 E. Oak Ave., Villa 
Park, Ill. 

Paterson, C. S. (C), Manager & Proprietor, 
Pat's Welding School; tes.) 1911 Mill 
St., Kansas City, Kan. 

Patnaude, V. E. (C), District Boiler In- 
spector, State of Minnesota; (Res.) 1904 
Stewart Ave., St. Paul, Minn. 

Paton, William G. (B), Asst. 
Manager, The Austin Co., 
Ave., Cleveland, Ohio. 

Patterson, Cecil B. (C), Maintenance Fore- 
man (Shipyards), Western Pipe & Steel 
Co.; (Res.) 515 Burlingame Ave., Bur- 
lingame, Calif. 

Patterson, Clarence T. (C), Metallurgical 
Engineer, The Solvay Process Co., 308 
Dewitt St., Syracuse, N. 


Patterson, Don W. (B), Federal Machine & 
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Welder Co., 2012 Rand Bldg., Buffalo, 

Patterson, Guy (C), Shop Supt. Midwest 
Piping & Supply Co.; (Res.) 604 West- 


minister Ave., Alhambra, Calif. 


Patterson, Harold A. (C), Welder Foreman, 
Kansas Ave., Topeka, Kan 


Patterson, Herbert C. (B), Field Erection 
Engineer, Babcock & Wilcox Co.; (Res.) 
844 W. Ainslie St., ¢ “hic ago, Ii! 


Patterson, John H. (CC), Asst. Welding 
Foreman, Standard Oil Co. of Louisiana, 
Baton Rouge, La. 

Patterson, John H. (C), Managing Director, 
Are Manufacturing Co., Ltd., 52A Gold- 
hawk Rd., London, W. 12, England 

Patterson, Parker W. (8), Vice-President, 
Patterson Steel Co., Box 2620, Tulsa, 
Okla. 

Patterson, Robert, Jr. (B), 
Tests, Allegheny Steel Co., 
ridge, Pa. 

Patterson, W. K. (C Engineering Esti- 
mator, Crane Co., 321 E. 3rd St., Los 
Angeles, Calif. 


Engineer of 
Bracken- 
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Patti, Frank (C), General Foreman, Alle- 
gheny-Ludlum Steel Corp., River Rd., 
Buffalo, N. Y. 

Paugh, Orville (C), Welder, Tate-Jones Co.; 
(Res.) 212 S. Schenley Ave., Youngstown, 
Ohio. 

Paul, Albert J. (C), Welder, Chicago Bridge 
& Iron Co.; (Res.) 19 Ellis St., Milford, 
Conn. 

Paulson, Frank O. (C), Mech. Engineer 
Gahagan Construction Corp.; (Res.) 89 
Glenwood Rd., Ridgewood, N. J. 

Pawlik, P. Anthony (D), Electric Welder, 
Bethle hem Steel Co.; (Res.) 685—4th 
Ave., Brooklyn, N. Y 

Pawlowshi, John A. (C), Welding Engineer, 
A. O. Smith Corp.; (Res.) 5282 N. Shore- 
land Ave., Milwaukee, Wis. 

Payne, Burt H. (B), General Manager, 
Stultz-Sickles Co.; (Res.) 302 Edgewood 
Ave., Westfield, N. J. 

Payne, Fred (ID), Welder, U. S. Navy Yard; 
(Res.) 1320 Georgia St., Box 461, Vallejo, 
Calif. 

Payne, Vincent (C), Welder, Louisville 
Refining Co.; (Res.) 428 N. 20th St., 
Louisville, Ky. 


Pearl, Martin (D), Elect. Welder, Chicago - 


Bridge & Iron Co.; (Res.) 25 Du Bois 
St., Newburgh, N. Y. 

Pearre, O. J. (C), General Electric Co., 
1405 Locust St., Philadelphia, Pa. 

Pearson, Alfred E. (C), Asst. Welding En- 
gineer, Ingalls lron Works Co., Birming- 
ham, Ala. 

Pearson, John V. (D), Welder, Gleason 
Works; (Res.) 1955 Main St., E., Roches- 
ter, N. Y. 

Pearson, Raymond C. (C), Asst. Welding 
Engineer, New York Navy Yard; (Res.) 
600 W. 138th St., New York, N. Y. 

Pearson, Roy W. (C), Asst. Chief Engineer, 
Taylor- Winfield Corp., Warren, Ohio. 

Pearson, W. C. (B), Welding Specialist, 
Westinghouse Electric & Mfg. Co., 20 N. 
Wacker Drive, Chicago, Ill. 

Peck, Cecil C. (B), Vice-President & Treas- 
urer, Parsons Engineering Corp., 2545 E. 
79th St., Cleveland, Ohio. 


Peck, Sanford (D), Combination Welder, 
Lasting Products Co.; (Res.) 2535 Me- 
Henry St., Baltimore, Md. 

Pederson, E. B. (C), Supervisor, Applied 
Engineering Dept., Air Reduction Sales 
Co., 1210 W. 69th St., Cleveland, Ohio. 

Pedrizzetti, Anthony C. (C), Welding Fore- 


man Associated Oil Co.; (Res.) Box 236, 
Concord, Calif. 


Pegram, W. A. (C), Engineer, Midwest 
Piping & Supply Co., 520 8. Anderson St., 
Los Angeles, Calif. 

Peiffer, Fred L. (B), Supt., F. L. Heughes & 
Co., Ine., 1029 Lyell Ave., Rochester, 


Peirano, Lester (D), Welder, Arkay Co.; 
(Res.) 9 Raff St., Stapleton, 8. I., N. Y. 
Pelan, William D. (C), General Supt., Ingalls 
Shipbuilding Corp., Pascagoula, Miss. 
Pell, Kalman L. (C), Welding Supervisor, 
Parish Pressed Steel Co.; (Res.) R. D. 1, 

Mohnton, Pa. 

Pellegrin, Lee S. (D), Welder, Western Pipe 
& Steel Co.; (Res.) 1330 N. Edison St., 
Stockton, Calif. 

Pelley, Richard T. (D), Elect. Welder, N. Y. 
Shipyard; (Res.) Diamond Spring Ave., 
Woodcrest, N. J 

Peltier, Eugene J. (D), Asst. Foreman, 
Westinghouse Electric Co.; (Res.) 79 
Cherrelyn St., Springfield, Mass. 

Pelton, R. S. (C), Welding Engineer, General 
Electric Co., Works Lab., Bldg. 7, Sche- 
nectady, N. Y. 

Pendlebury, George T. (D), General Weld- 
ing Supervisor, Canadian Pacific Railway; 


(Res.) 1426 Lincoln Ave., Winnipeg, 
Manitoba, Canada. 


Pendleton, C. R. (C), Supervisor of Training, 
Cramp Shipbuilding Co.; (Res.) Bryn 
Athyn, Pa. 
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Penn, Henry ((), District Engineer, Ameri- 
ean Inst. of Steel Construction, 53 W. 
Jackson Blvd., Chicago, Il. 

Pennewill, G. W. (C), District Manager, 
National Cylinder Gas Co., 1520 S§. 
Vandeventer Ave., St. Louis, Mo. 

Pennington, Howard A. (C), Sales Engineer, 
Alfred B. King & Co., Blatchley & River 
St., New Haven, Conn. 

Penry, E. W. (C), Welder, State Highway 
Dept.; (Res.) 500 Center St., Ashtabula, 
Ohio. 

Peratino, George S. (C), Asst. Welding 
Engineer, Naval Gun Factory, Washing- 
ton, D. C.; (Res.) 119—35th St., S. E., 
Washington, D. C. 

Perdew, W. E. (C), The Winkler-Koch En- 
gineering Co., 335 W. Lewis St., Wichita, 
Kan. 

Perkins, Howard (C), Sales Representative, 
Big Three Welding & Equipment Co., 
Port Arthur, Tex. 

Perkins, William (D), Welder, Northern 
Pump Co.; (Res.) 957 Lowry Ave., N. E., 
Minneapolis, Minn. 

Perona, Louis A. (C), Welding Foreman, 
Farrell Mfg. Co.; (Res.) 823 Kelly Ave. 
Joliet, Ill. 

Perretta, Angelo (D), Welder, American 
Locomotive Co.; (Res. ) 2048 Van Vranken 
Ave., Schenec tady, N. Y. 

Perrin, Max (D), Welding Foreman, Cali- 
fornia Shipyard; (Res.) 2829 Hill St., 
Huntington Park, Calif. 

Perrin, William B. (C), Tool Maker, Ashley 
Machine Works; (Res.) 695 Empire Blvd., 
Rochester, N. Y. 

Perry, Bernhard H. (B), Bigelow-Sanford 
Carpet Co., Thompsonville, Conn. 

Perry, Charles F. (C), Marine Engineer, 
U. 8. oar _Guard (Marine Inspection), 
1300 E St., N. W., Washington, D. C. 

Perry, John “ag Jr. (C ), Re »presentative, The 
Air Reduction Sales Co. (Res.) 914 
Signal Rd., Signal Mt., Te nn. 

Perry, Peter M. (C), Salesman-Serviceman, 
Machinery & Welder Co.; (Res.) 5728 
N. Campbell Ave., Chicago, IIl. 

Perry, Thomas (D), Maintenance Welder, 
The Maytag Co.; (Res.) R. R. 2, Newton, 
lowa. 

Persons, O. H. (C), Sales Engineer, Edg- 
comb Steel Co., D & Erie Aves., Phila- 
delphia, Pa. 

Persons, W. R. (C), District Manager, Lin- 
coln Electric Co., 926 Manchester Blvd., 
Pittsburgh, Pa. 

Peters, Ray I. (C), Welder Foreman, Tampa 
Ship Building Co.; (Res.) R. R. 5, Box 


225, Tampa, Fla. 


Peters, V. (C), Welding Engineer, Lincoln 
Electric Co.; (Res.) 13888 Lake Ave., 
Lakewood, Ohio. 

Petersdorf, O. F. (D), Set-Up, Addresso- 
graph-Multiograph Corp., 1338 E. 188th 
St., Cleveland, Ohio. 

Petersen, Ernst (D), Welder, Van Alst 
Metal Works, Inc.; (Res.) 394 Cary Ave., 
West New Brighton, 8.1., N. Y. 

Petersen, Kenneth (D), Welder, George 
Tobin Co.; (Res.) 35 Furber Ave., Linden, 
N. J. 

Peterson, Arthur C. (B), Supt., Geo. B. 
Limbert & Co., East Chicago, Ind. 

Peterson, Alvin V. (B), Welding Foreman, 
Electro-Motive Div.; (Res.) 4111 Ray- 
mond Ave., Congress Park, Ill. 

Peterson, Carl (C), Proprietor, Welding 
Equipment Supply Co., 1617 Walnut, 
Kansas City, Mo. 

Peterson, Harry (D), Welder, Northern 
Pump Co.; (Res.) 3528—36th Ave., S., 
Minneapolis, Minn. 

Peterson, M. E. (B), Works Manager, Clear- 
ing Machine Corp.; (Res.) 8153 Langley 
Ave., Chicago, II. 

Peterson, Werner (C), Welding Supervisor, 
Consolidated Edison Co.; (Res.) 2316 
Plumb 2nd St., Brooklyn, N. Y 

Peto, Frank (C), Structural Engineer, 930 


Randolph St., N. W., Apt. 32, Washington, 
D.C. 
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Petrie, Geo. W. (B), Supt., Pittsburgh Pip 
«& Equipment Co., 43rd St. & A.V R. Re 
Pittsburgh, Pa. 

Petrikin, Bruce (C) 

tion Sales Co., 1841 State St., Harrisburg, 


Pa. 


— Guido (D), 637 E. 225th St., Bronx 


Petry, L. W. (C), Foreman, Welding Dept.. 
Shartle Bros. Machine Co.; (Res.) 918 
Delaware Ave., Middletown. Ohio. 

Petry, Walter W. (B), Plant Engineer, The 
Cincinnati Milling Machine Co.; (Res 

25 Donald Ave., Pleasant Ridge, Cin- 
cinnati, Ohio. 

Petrotta, Joseph (D), Gas Welder, N. Y. 
Navy Yard; (Res.) 1865 W. 12th S&t., 
Brookly n, N. Y. 

Pew, Arthur E., Jr. (B), Vice-President, 
Manager, Engineering & Development 
Dept., Sun Oil Co., 1608 Walnut St., 
Philadelphia, Pa. 

Pfabe, Leonard C. (D), Welder, C. L. 
Gougler Machine Co.; (Res.) P. O. Box 
318, Fairview Ave., Atwater, Ohio. 

Pfeiffer, C. L. (B), Electrical Engineer, 
Western Electric Co.; (Res.) 316!/; N 
Menard Ave., Chicago, Ill. 

Pfeil, A. Leslie (B), President, Universal] 
Power Corp., 4300 Euclid Ave., Cleve- 
land, Ohio. 

Phair, Robert S. (C), Aircraft Welding En- 
gineer, Edw. G. Budd Mfg. Co., Phila- 
delphia, Pa.; (Res.) 3311 Powelton Ave., 
Philadelphia, Pa. 

Pharo, Edward A. (D), Elec. Welder, 
Federal Shipbuilding & Drydock Co.; 
(Res.) 2701 Boulevard, Jersey City, N. J. 

Phelps, Arthur H. (C), Sales Engineer, 
Westinghouse Electric & Mfg. Co.: 
(Res.) 1 Montgomery St., San Francisco, 
Calif. 

Phelps, G. E. (C), Asst. Applied Engineering 
Dept., Air Reduction Sales Co., 7991 
Hartwick St., Detroit, Mich. 

Phillimore, Horace (C), Welder, Blaw- 
Knox Co.; (Res.) 2003 Summit Terrace, 
Linden, N. J. 

Phillips, C. E. (C), President, C. E. Phillips 
& Co., 2750 Poplar St., Grand River Sta 
Detroit, Mich. 
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Reeves, Dr. Lewis (C), Research Enginee: 
Appleby-Frodingham, Steel Co., Ltd 
Scunthrope, Lincolnshire, England. 

Rehnberg, Philip E. (D), Elect. Welder 
Atlantic Basin Iron Works; (Res.) 349 E 
30th St., New York, N. Y. 
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Rei ichert, Harold W. (C), Welding Inspector, 
keside Bri dge & Stel Co ° (Res.) 2629 
W. Cherry St., Milwaukee, Wis. 


William L. (D), Welding Dept., 
| ilehem Steel Co.; (Res.) ‘2806 Van 
Ness Ave., San Francisco, Calif. 

Reid, Arthur A. (C), 446 Main St., Dickson 
City, Pa. 

Reid, Chas. D. (C), Chief Engineer, Horse- 
shoe Lake Sta., Oklahoma Gas & Electric 

Harrah, Okla. 

Reid, Chas. W. (C), Supt., Patterson-Kelley 
Co.. Inc., East Stroudsburg, Pa. 

Reid, Vaughan (C), President & Manager, 
City Pattern Works, 1165 Harper Ave., 
Detroit, Mich. 

Reide, H. F. (B), Metallurgical Engineer, 
Combustion Engineering (Res.) 
318—28th St., Union City, N. 

Reider, Stanley E. (D), Comb. AM U. 
Navy, Mare Island; (Res.) P. O. Bee 
1499, Vs allejo, Calif. 

Reilly, Edward J. (D), Spot Welder, Re- 
publie Aviation Corp., Conklin St., Farm- 
ingdale, N. Y. 

Reilly, John (D), Welder, Robins Dry Dock 
& Rep. Co.; (Res.) 222-32—99th St., 
Queens Village, L. I., N. Y. 

Reilly, L. D. (B), Manager, American Bridge 
Co., Ambridge, Pa. 

Reilly, William I. (C), Plant Manager, 
Cavalier Corp., Appliance Div., Chatta- 
nooga, Tenn. 

Reilly, Wm. L. (C), District Sales Manager, 
The McKay Co.; (Res.) 1215 N. Elm- 
wood Ave., Oak Park, Ill. 

Reinhard, H. F. (B), Secretary, International 
Acetylene Assn., 30 E. 42nd St., New 
York, N. 

Reinholtz, Christian (D), Elect. Welder, 
Brooklyn Navy Y ae (Res.) 60-31 Mas- 
peth Ave., Maspeth, L.1., N. Y. 

Reisdort, C. Russell ay Welder, Home- 
stead Valve & Mfg. Co.; (Res.) 54 Eicher 
Rd., Emsworth, Pittsburgh, Pa. 

Reist, J. F. (B), Welder Foreman, Keystone 
8S. & W. Co., Welding Dept., Peoria, Ill. 
Reneghan, Thomas J. (D), Operating 
Welder, U. S. Navy ce (Res.) 412 

Seaside Ave. Honolulu, 

Rendall, Chester L. (D), hy ol sr, Western 
Pipe & Steel Co.; (Res.) 618 Bush St., 
Apt. 1, San Francisco, Calif. 

Renton, Allan (C), President & Manager, 
Hawaiian Gas Products, Ltd., P. O. Box 
2454, Honolulu, Terr. of Hawaii. 

Repino, Philip A. (C), 713 Parsells Ave., 
Rochester, N. Y. 

Resch, Leonard (C), Welding Instructor, 
Hadley Technical High School; (Res.) 
3306A Michigan, St. Louis, Mo. 

Reschenberg, Armin (F), 206 Swenson 
House, Madison, Wis. 


Reusch, Lloyd E. (D), Welding Operator, 
Welding Training Inst.; (Res.) 14 Ro- 
maine Place, Newark, N. J. 

Reuwer, George (C), Gas & Are Welding, 
Ohio Steel Co.; (Res.) 706 Cypress St., 
Springfield, Ohio. 

Reynolds, Frank (C), Heater & Burner, 
Federal Shipbuilding & Drydock Co.; 
(Res.) 91 Linden Ave., Irvington, N. J. 

Reynolds, Harold E. (D), 2906 York St., 
Denver, Colo. 

Reynolds, Joseph T. (C), Welder, Chevrolet 
Motor Co.; (Res.) 89 Riverview Ave., 
Tarrytown, N. Y. 

Reynolds, Nolen N. (C), Owner, Muncie 
: — Co., 1300 8. Walnut St., Muncie, 
nd. 

Rhine, Earle S. (C), Editor, Bulletin, Air 
Reduction Sales Co., 60 E. 42nd St., New 
York, N. Y. 

Rhine, George E. (C), Welding Engineer, 
Edgecomb Steel Co., D & Erie Aves., 
Philadelphia, Pa. 

Rhinehart, R. C. (D), Union Melt Operator, 
Todd, Calif.; (Res.) 4017 Clinton Ave., 
Richmond, Calif. 


Rhinehart, Rupert (D), Welding Supt., 


Shipyard Div., Erie Concrete & Steel Co.; 
(Res.) 1250 W. 20th, Erie, Pa 

Rhoad, Julius (C), Elect. Welder, Western 
Pips & Steel Co 4 (Res 1610 E. Ocean, 
Apt. 2, Long Beach, Calif. 

Rhoades, C. M., Jr. (C), Electrical Engineer, 
General Electric o., Sche nectady, N. . 
Rhoades, Harold E. (C), Service Engineer, 
National Cylinder Gas C Res.) 258 

W. 4th St., Downey, Calif. 

Rhoades, James E. (DD), Electric Are Welder, 
Magor Car Corp.; Res.) 22 Rutgers 
Plax Passaic J. 

Rhode, Maynard (1)), Welder, National 
Lock Co., 1902—7th St., Rockford, Ill. 
Rhodes, Edward (B), Owner, Rhodes Weld- 

ing Works, 2412 Bailey Ave., Buffalo, 


Rice, Dudley B. (C), Welding Engineer, 
War Dept., Chicago Ordnance District; 
(Res. 1300 Campbell Ave., Chicago 
Heights, Ill. 

Rice, William (B), Welding Teacher, Bok 
Vocational School, 8th & Mifflin Sts., 
Philadelphia, Pa. 

Rice, Wm. H. (B), Assistant Professor in 
Welding, Okla. A. & M. College, In- 
dustrial Arts Dept., Stillwater, Okla. 

Richards, F. D. (D), Sales Manager, D. D. 
Richards Supply Co., 117 E. 6th St., 
Garnett, Kan. 

Richards, J. S. (B), Director of Research, 
American Steel & Wire Co., Rockefeller 
Bldg., Cleveland, Ohio. 

Richards, Nathaniel A. (B), President, 
Purdy & ee Co., 45 E. 17th St., 
New York, 

Richardson, ane R. (D), Head Welder, 
Gale Products; (Res.) 986 W. North St., 
Galesburg, Ill. 

Richardson, George (C), Welding Inspector, 
General Electric Co.; (Res.) 36 Verdmont 
Ave., Lynn, Mass. 

Richeda, Fred (B), Supt., The Lang Co.; 
(Res.) Box 479, — Lake City, Utah. 

Richter, Chas. R. Director of Welding, 
Modern Wek Ts aining Se _(Res.) 
1740 Broadway, Schenectady, 

Richter, Frank (C), The Wek eg Engineer, 
506 8. Wabash Ave., Chicago, Ill. 

Richter, Gerard E. (C), Welder, Wm. J. 
Myers Co.; (Res.) 68 Walzer Rd., Roches- 
ter, N. Y 

Richter, J. Louis (C), President & General 
Manager, Central Ohio Welding Co., 
Spring & Neilston Sts., Columbus, Ohio. 

Rickel, Cyrus K. (B), Vice-President & 
Manager, Big Three Welding Equipment 
Co., P. O. Box 1538, Fort Worth, Tex. 

Rickel, F. J (B), Manager, Big Three Equip- 
ment Co., Box 910, Tulsa, Okla. 

Riddlemoser, Donald L. (B), Welding En- 
gineer, Fisher Body Tank; (Res.) 664 W. 
Hollywood, Detroit, Mich. 


Ridgway, Herbert (C), Asst. Engineer, 
American Bridge Co., 71 Broadway, New 
York, N. Y. 

Rieger, Arthur J. (C), Welding Engineer, 
Hill Equipment Engineering Co.; (Res.) 
804 Maple 8t., Zeigler, 

Rigby, Edw. J. (C), Manager, Robt. Bryce 
& Co. Pty. Ltd., Bryce Bldgs. 526-32, 
Little Bourke St., Melbourne, Australia. 

Rigby, L. (C), Welding Foreman, Truscon 
Steel Co., Youngstown, Ohio. 

Riley, Joe W. (C), Factory Supt., Iowa Mfg. 
Co., Cedar Rapids, Iowa. 

Riley, John H. (C), Welder, Consolidated 
yas & Electric Co.; (Res.) 110 S. Kossuth 

t., Baltimore, Md. 

Rinek, John O. (A), Vice-President, Uni- 
versal-Cyclops Steel Corp., Bridgeville, 
Pa. 

Ringer, Luther C. (C), Supervisor of Weld- 
ing School, Fisher Body Tank School; 
(Res.) 1410 Lippincott Blvd., Flint, Mich. 

Ringer, Robert Lee, Jr. (C), Electrical 
Development Engineer, Taylor-Winfield 
Corp., 399 Willard Ave., N. E., Warren, 
Ohio. 
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Ringsmith, O. F. (C), Chief Engineer, Taylor- 


Winfield Corp., R. D. 1, W n, Ohio 
Riotto, Santo J. (1D), Elect Weld Ford- 
Burnham Re 1414 10th Ave 


2 


trooklyn, N. Y. 
Ripley, Kenneth C. (1) Are Welder, Li 


coln Electric R.F.I igh 
Ohio. 

Rippel, John (C), Foreman, Federal Ship- 
building & Drydock ( Res.) 18 Bid- 


well Ave., Jersey City, N. J 
Ripple, Lotus (1), Are Welder, Cramp Ship- 


building Co Res 503 Morton Ave., 
tidley Park, Pa 
Risley, Vincent (€), Sales Engineer, The 


McKay Ca., ork Pa 

Ritchie, R. W. B), Surveyor \merican 
Bureau of Shipping, 1435 Boatmens Bank 
Bidg., St. Louis, Mo 

Ritter, Julius C. (C), Asst. Welding Engineer, 
Navy Dept., Bureau of Ships, Welding & 
Casting Section, Washington, D. ¢ 

Rittler, Carl (C), Welder, Wm. J. Meyer Co.; 
(Res N. Washington &t., R. D. 1, 
Brighton Sta., Rochester, N. ¥ 

Ritze, Harlan B. (C), Power Sales Div., The 
Detroit Edison Co., 2000 Second Ave., 
Detroit, Mich. 

Roach, Earl (C), Factory Manager, Brasco 
Mfg. Co., Harvey, I! 

Roach, Harold (CC), Engineer, Bethlehem 
Steel Co.:; Res 147 N. Orange Drive, 
Los Angeles, Calif 

Roach, Harold E. (C), Welding Foreman, 
Great Lakes Engineering Works, Ashta- 
bula, Ohio. 

Roach, Justin M. (C), Asst. District Man- 
ager, The Linde Air Products Co Res 
Lincolnshire Estates, Crete, Ill 

Robar, Cyril H. (B), Owner & Operator, 
Robar Bit & Welding Works: (Res 308 
W. Saxet Drive, Corpus Christi, Tex 

Robards, Glen Wa (D), Arc Welder, Economy 
Balen Co.; tes 1010 Miner St Ann 
Arbor, Mich 

Robb, John D. (3B), Electrical Draftsman 
Hatfield Electric Co., Cleveland 
(Res.) Longwood, Mo 

Robbins, Mayson C. (C), Service & Engineer 
Handy & Harmon, 20 N. Wacker Drive 
Chicago, Il. 

Robbins, O. C. (C), Supt., Midland Struc 
tural Steel, 1300 8. 54th St., Cicero, Ill 

Rober, Chester A. (B), Dept. Head, Beth- 
lehem Steel Ship Bidg. Div., 78 E. How 
ard St., Quincy, Mass 

Roberds, O. C. (D), Welder, Hydril Corp. of 
Pennsylvania, Rochester, Pa 

Roberts, C. W. (C), Manager of Manu- 
facture, Southwestern Engineering Co., 
4800 Santa Fe Ave., Los Angeles, Calif 

Roberts, Clay W. (C), Welding Foreman, 
Pennsylvania Railroad; (Res.) 1430 East- 
wood Ave., Columbus, Ohio 

Roberts, Charles (C), Engineer, Toolthrift 
Co.; (Res.) 5700 Penn Ave., Pittsburgh, 
Pa. 

Roberts, D. E. , Engineer, The Linde Air 
Products Co. ”. E. 42nd St., New York 
City, N. Y 

Roberts, E. T. (C), Welding Foreman, Reed 
Roller Bit Co.; (Res.) 8024 Easton St 
Houston, Tex. 

Roberts, George R. (C), Salesman, Na- 
tional Cylinder Gas Co., 2110 N. Adams 
St., Peoria, Ll. 

Roberts, Manuel P. (C), General Welder, 
Food Machinery Corp., Lakeland, Fla.; 
(Res.) 1339 W. Walnut St., Lakeland, Fla. 


Roberts, Morris T. (C), Metallurgist, 
Harnischfeger Corp., 4400 W. National 
Ave., Milwaukee, Wis. 

Roberts, N. J. (¢ Power Sales Engineer, 
The Ohio Public Service Co., Warren, 
Ohio. 

Roberts, Ray (B), Welding Service En- 
gineer, Southern Oxygen Co., Inc., P. O 
Box, 5087, Arlington, Va. 

Roberts, Sam WN. (B), Welding Engineer, 
Fisher Tank; (Res.) 18486 Prairie, De 
troit, Mich. 
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ma in Roberts, W. M. (C), Testing Engineer, Rolfe, S. E. (D), Welding Operator, Ameri- Steel Co.; (Res.) 1012 F Street, Sparrow 
can Rolling (Res.) 2315 Mont- Point, Md. 
RAR road & Locust Sts., Philadelphia, Pa. gomery Ave., Ashland, Ky. 2 ¢ " 
» Ross, James K. (B), Box 53, Oakley Ba 
Ras or, Standard Oi evelop. Co.; (Res.) 55 Stacey ros. Gas Constructi Co.; (Cc). 8 ‘ni 
“ote A Warren Ave,. Roselle Park, N. J. (Res.) 5914 Woodmont Ave., Cincinnati Ross, John A. (C), Supt., Dominion Bridge _ 
mm, Ja: ., Jr. (C), Naval Archi- . . C., Canada. 
tect, U. 8. Coast Guard, MacArthur Blvd., Roller, George (B), Co-Partner, Guarantee 
Friendship Sta., Washington, D. C. Iron Works, 16 Railroad St., Rochester “hi 
N.Y ster, Chicago Bridge & Iron Co.; R. 4 ing 
tubular Steel Corp., lited States anek, Ferdinand (1)), elder, Panama ( anec 
Robinson, C. A. (C), Supt., Rampo Ajax 3alboa, Canal Zone. 
arras Div., American Brakeshoe Co.; (Res.) Romann, John H. (B), Consulting Engineer Rossheim, D. B. (B), Consulting Mech. En- ; 
Wk. Engineer, gineer, The M. W. Kellogg Co., 225 Broad- Rusc 
Robinson, Charles F. (D), Weld roadway, Louie- way, New York, N. Y. We 
Welding (Res.) 1450 Chestnut, Ronay, Bela M. (B), Senior Welding E & Chict 
Robinson, James M. (C), Proprietor, U.S. Naval Academy, Annapolis, Md. (R 
Pay oe Robinson Welding Supply Co., 1951 E. Roncelli, John (D), Aircraft Welder, Comb. Rosso, Charles R. (D), 49 Oberlin S Russ 
Ferry St., Detroit, Mich. Gas, Electric, Black Sivalls and Bryson 
yer Yes Robinson, Karl A. (C), Supervisor, Murray Inc.; (Res.) 418 S. Kensington, Kansas si gona Br 
- ing Acetylene elding, Bethlehem Stee! u 
eg ton Rd., Detroit, Mich. Ronnfeldt, Emil P. (C), Instructor in W eld- Co.: (Res.) 104 Bement i W. ee dr 
Robinson, R. W. (1D), 2011 Birchwood Ave. ing, National Defense, Lincoln H. 8.; Brig Se 
Chicago, Ill (Res.) 1115 N. 25th, Lincoln, Neb 
at gineer, American Bridge Co., 629—2nd - General Electric Co., Welding Dept., ing Co.; (Res.) 839 Fifth Ave., Younss- 10 
aes St., 8. E., Minneapolis, Minn. Works Lab., Schenectady, N. Y. town, Ohio. Rus 
be F. (C), Instructor, New 0), Welding Engineer, Roth, Claude L. (C), Lawyer & Metallu: R 
e School, 324 E. 67th St., New ~y es Co., 181 Pacific Ave. gist, Public Metals Corp. (N. Y.), % St 
ork, ersey Uity, | Moffett & Roth, 14th Floor, Sun Bldg., Ruti 
i ys Se Robleski, Henry (D), Are Welder, Simmons Rooney, T. R. (C), General Plant Supt., 1608 Walnut St., Philadelphia, Pa. ay 
oa fy os Co.; (Res.) 514—42nd St., Kenosha, Wis. Western Pipe & Steel Co., 200 Bush BSt., Roti, Veto L. (D), Electric Welder, Eastern N 
Roby, Frank H. (B), Welding Engineer, Gan Francisco, Calif. Steel Corp.; (Res.) 32-10—SIst St., Rut 
4041 N. Richards St., Mil- (C), W Jackson Heights, L. I., N. Y. N 
waukee, Wis. strator, Air Reduction Sales Co., 60 E. 
i Rock, Allen (B), Sales Manager, Hobart 42nd St., New York, N.Y. Robins Dry Dock & Repairing Co.; Rut 
a Equipment Co., 1925—I1st Ave., S. E., Rork, Frank C. (C), Mech. Engineer, Super- (Res.) 45 Carukin St., Franklin Square, & 
“g Seattle Wash. visor of Mech. & Structural Drafting, Los Long Island, N. Y. Ru 
ta Rock, Esteban (C), General Manager, Cia Angeles Bureau of Power & Light; (Res.) Rounds, J. W. (C), The Globe Oil & Re- \ 
re Productora de Oxigena 8. A., Apartdo 318 1531 8. Hobart Bivd., Los Angeles, Calif. finery Co., McPherson, Kan. li 
om Monterrey, N. L., Mexico. Rosborough, J. G., Jr. (C), Asst. Chief En- Rouscher, Elmer E. (C), Supt. of Boiler & Ru 
: a Rockefeller, Harry E. (B), Manager Process Ts Anheuser Busch, Inc., St. Louis, Welding Dept., A. B. Farquhar Co ‘ 
: a Division, The Linde Air Products Co., 30 2 : ce (Res.) 419 Lindberg Ave., York, Pa. 4 
E. 42nd St., New York, N. Y. Rousseau, E. J. (B), President, Commerc Ru 
Rodin, George A. (D), Ironworker, Welder, Pattern, Foundry & Machine Co., 7450 ( 
W. Kidde Constructors, Inc., 208 21st no Melville at Green, Detroit, Mich. 
St., Irvington, N. J. (D). Lab.; Rowden, Myrl M. (C), Dept. Foreman, 
Rodenhausen, L. (C), General Manager, Standard Steel; (Res.) R. R. 8, North Ry 
eee 2 Rodenhausen Sales & Service Co.; (Res.) Rosenaur, Louis (C), Welding Supervisor, Kansas City, Mo. 
1439 N. Hutchinson St., Philadelphia, Pa. Co. of Rowell, W. Henry (C), Welding Supervisor, 
Rodgers, F. Lee (B), Owner, Rodgers Weld- 40th alif. Kenton County Vocational School, 3rd & Ri 
bs a? ing Supply, 1532 Main St., Buffalo, N. Y. Rosenbach, Alick J. (D), Foreman, Thompson Court Sts., Covington, Ky. | 
ae Roe, L. M. (C), Welder, Western Pipe & ln Con a a ee Rowland, W. B. (B), Manager, The Linde 
4 (Res.) 2655 Polk St., San R Jak Are Welder, Th Air Products Co., 30 E. 42nd St., New Rj 
‘rancisco, Calif, osenbach, Jake (D), Arc Welder, Thomp- York, N. Y 
earmrea: Roehler, Otto F. (B), Welding Supervisor, panne ro Steel ae (Res.) 3606 Del- Rowley, Carl (C), Welder, U. 8. Govt 
EL: Line Material Co., Zanesville, Ohio. gany St., Denver, Colo. : (Res.) 848—14th, Douglas, Ariz. R) 
Roffey, Albert B. (C), Welder, Geo. A.  Rosenbach, Joseph G- Rowsey, Charles A. (D), Welding Operator, 
Fuller-Merritt-Chapman & Scott Co.; boldt De (Res.) 35. um- Whitehead Metal Products Co.: (Res.) 
5 Williams Court, Bellmore, L. L, R Chief Engi 105 Hammond Rd., Belmont, Mass. 
N. Y. osenberg, win C. >), Chief Engineer, Ro E 
Rogers, C. E. (C), Foreman Welder, Artht N. Rosenberg Elevator Co.; (Res.) 3356 
E. ir NH hold M Sulzer Bros. Diesel Engine Co., Sylvan 
(Res.) 977— N. Humboldt Ave., Milwaukee, Wis. Beach, N. Y. 
area 52nd St., Brooklyn, N. Y. Rosenblum, Abe (C), Partner, Detroit & Ro . ; l 
Rogers, Clifton V. (C), Sales Representative, Co., 515 and &., ing Sunplies Co., Ltd., 3445 Parthenais 
Shoard rive, Towson, Md. osencrans, J. (C), Salesman, Hobart Bros. Rozycki, Wal i ‘le 
on ycki, alter C. J. (D), Third Class 
Cullen W. (C), Field Foreman, Steinway Drive, Long Welder, Federal Shipbuilding & Drydock 
Works; (Res.) sland Uity, N. Co.; (Res.) 48 Park Ave., Maplewood, 
Bats Na 115 Truro, Houston, Tex. osenthal, Daniel (C), Asst. Professor of N. J. 
7 ae ee, hy E. (C), Editor & Engineer, 6 Metallurgy, Massachusetts Inst. of Tech- Rubel, Leon (D), Welding Foreman, Fisher 
a A iarfield Place, East Orange, N. J. nology, Room 8-403, Cambridge, Mass. & Wright; (Res.) 3225 Burgess St., Flint, § 
i. . Rogers, H. L. (C), Welding Supervisor, Rosewell, Wm. (C), Welding Dept. Foreman, Mich. 
- 8 Marion Steam Shovel Co., 617 W. Center Pittsburgh Piping & Equipment Co., 10— Rucquoi, Leon G. (B), Vice-President, Im- . 
Se ig St., Marion, Ohio. 43rd St., Pittsburgh, Pa. port-Export Industries, Inc., 30 Rocke- 
Rogers, Harold L. (B), General Sales Dept., Ross, B. B. (C), Arcos Corp., 401 N. Broad Seen, 
You Co., 60 E. 42nd Bt., St., Philadelphia, Pa. William (C), Welding Supply 
i Ross, C. W. (C), Clerk to Field Supt., Wyatt usiness, 452 Broadway, Paterson, N. J. 
Roggow, Herbert A. (C), Welder & Weldi W 9062 Hous felding Supervis 
Bs ee , U), We ing Metal & Boiler Works, Box 3052, H Ruel, Hubert N. (D), Welding Supervisor, 
Bag: , Colo Ross, G. M. (B), Manager, Hawaiian Weld- (Res.) 34 Chelmsford St., Dorchester, 
ape Rogina, Roland (C), Welder, R. G. Le ing & Machine Co.; (Rés.) 2020 Kame- Mass. 
| Inc.; (Res.) 713 Callender, hameha Ave., Honolulu, T. H. 
ii. sky, 89 Bradley Ave., Hamden, Conn. 
Rolf, Raymond L. (C), Metallurgical En- Garrett R. Welding Operator, Rugg, P. N. (C), Elect. Heating Engineer, 
gineer, The Lakeside Steel Improvement en) B Edi Co.; (R 22 E 
Co., 5418 Lakeside Ave., Cleveland, Ohio Roosevelt Ave., Ashland, Ky. Ave, W kefield Ma: 
8 L Ave., and, ve., Wakefield, Mass. 
Reine fo Rolf, William E. (D), Welding Operator, R088, George A. (C), Welding Engineer, 
F. F. Radger Corp.; (Res.) Old Orchard General Electric Co., Lynn, Mass. — 
Old Rumble Co., Ltd., Terminal Warehouse 
i ee St., Old Orchard, Me. Ross, Harry H. (C), Foreman, Bethlehem Bldg., Toronto, 2, Canada. 
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Louis (C), Salesman, The Linde 
Co., 4: 230 Loch Raven Blvd., 
Baltimore, Md. 

Rumpler, Walter (C), Welder, General 
Machinery Corp.; (Res.) 868 Central 
Ave., Hamilton, Ohio. 
nkle, Lloyd Daniel (C), Junior Engineer, 

ipower Div., Raytheon Manufactur- 
ng Co.; (Res.) 19 Maple Ave., Newton, 
Mass. 

u (D), Welder, A. B. Far- 

a ar Co., Ltd.; (Res.) 10168. Pine St., 
York, 

Rusch, Charles E. (C), Elect. Acetylene 
Welder, Alloy Steel Tank Co., Box 192, 
Wharton, N. J. 

+ Charles M. (C), Welding Engineer 
Field Engineering & Sales), Arcos Corp.; 
tes.) 5420 N. 11th St., Philadelphia, Pa. 

penal: Bruce A. (B), Asst. Naval Architect, 
Federal Shipbuilding & Drydock Co., 744 
Broad St., Newark, N. J. 

Russell, Ralph S. (B), Chief Engineer, Hy- 
draulic Supply Co., 7500—S8th Ave., 8., 
Seattle, Wash. 

Russell, Theodore W. (B), Welding En- 
gineer, International Harvester Co.; (Res.) 
1042 N. Lombard, Oak Park, II. 

Russell, Warren K. (C), Boilermaker, James 
Russell Boston Works; (Res.) 9 Dewar 
St., Dorchester, Mass. 

Rutishauser, Marvin H. (B), Divisional Man- 
ager, Harnischfeger Corp.; (Res.) 3217 
N. 54th St., Milwaukee, Wis. 

Rutledge, Richard (C), Shop Supt., R. C. 
Mahon Co.; (Res.) 14431 Camden Ave., 
Detroit, Mich. 

Rutledge, Robert (C), Draftsman, A. Lucas 
& Sons, Peoria, Ill. 


Rutkowski, Kelly (C), Welder, Howard 
Welding Co., 7001 Polonia Ave., Cleve- 
land, Ohio. 


Rutt, Eugene M. (C), Electric Welder, 
Puget Sound Navy Yard; (Res.) 616— 
4th Ave., W., Seattle, Wash. 

Ruzich, Joseph S. (C), Welding Foreman. 
Chicago Surface Lines; (Res.) 6524 §, 
Komensky Ave., Chicago, Ill. 

Ryan, C. M. (C), Sales Engineer, Hawaiian 
Gas Products Co., Box 2454, Honolulu, 
T. H. 


Ryan, Leonard R. (B), Leadman, Todd Erie 
Basin; (Res.) 104 Adelphi St., Apt. 204 
D, Brooklyn, 

Ryan, Robert J. (C), Vice-President, John 
Nooter Boiler Works Co., 1414 S. 2nd 8t., 
St. Louis, Mo. 


Ryder, E. M. T. (A), Way Engineer, Third 
Ave. Railroad System, 130th St. & Third 
Ave., New York, N. 


Saacke, Frederick C. (C), Research En- 
gineer, Air Reduction Sales Co., 181 
Pacific Ave., Jersey City, N. J. 

Sabol, Henry (1D), Welder, J. L. Murphy & 
Co.; (Res.) 39-24—50th St., Woodside, 

Sacco, Joseph J. (ID), Welding Foreman, 

Inited Boat Service, Inc.; (Res.) 3063 
Buhre Ave., Bronx, N. 


Sack, Raymond G. (D), Welder, Mathis 
Shipbuilding Co.; (Res.) Tuckahoe, N. J. 

Sacks, Raymond J. (C), Welder Instructor, 
Hadley Vocational Se hool; (Res.) 4238 
Shreve Ave., St. Louis, Mo. 

Sage, Albert M. (C), General Manager, 
Co., 14 Avenue L, Newark, 


Sage, Derreth C. (D), Welder, Belmont 
ae Drilling Corp.; (Res.) Boli- 
var, N. Y. 


Sage, George R. (C), Elec. Are Welder, 
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Salatin, James F. (D), Aviation Cadet; 
(Res.) 3619 Columbus Ave., Anderson, 
Ind. 

Salice, Amilcare (C), Welding Instructor, 
National Youth Administration, 706 E. 
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Saunier, M. E. (C), Salesman, National 
Elect. Welding Machine Co., 9 8S. Kedzie 
St., Chicago, Il. 

Saxe, Van Rensselaer P. (B), Consulting 
Engineer, 100 W. Monument 8t., Balti- 
more, Md. 

Sayre, M. F. (C), Professor of Applied 
Mechanics, Union College, Schenectady 


Scala, Thos. W. (D), Welder, New York 


ALPHABETICAL LIST OF MEMBERS 


Navy Yard; (Res 161 Maiyer St., 
Brooklyn, N. zi 

Scally, Jos. L. (D), Welding Leader, Mary- 
land Drydock Co.; (Res.) 3024 Barclay 
St., Baltimore, Md 

Scanlan, M. Ward (CC), Welding Engineer, 
Edw. G. Budd Mfg. Co tes 4044 
Penn St., Frankford, Philadel Iphia, Pa. 
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Schaub, Carl M. (C), Sales Dept., Arcos 
Corp, Philadelphia, Pa 
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Davis Welding & Mfg. Co., 1110 Rich- 
mond St., Cincinnati, Ohio. 

Schwartz, James E. (C), Sales Engineer, 
General Electric Co., 800 Shoreham Bldg., 
Washington, D. C. 
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Scott, G. F. (C), Manager, Scott-Foster & 
Co., 126 Powell St., Vancouver, B. C., 
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Sessions, F. L. (B), Consulting Engineer 
1529 Rockefeller Bldg., Cleveland, Ohio. 
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eer, Handy & Harmon, 82 Fulton St., 
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bus, Ohio. 
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Shaw, John E. (C), Welding Foreman, 
Bethlehem-Hingham Shipyard, Inc., 
Hingham, Mass. 
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Sheely, Moss F. (B), Welding Engineer, 
Standard Oil Development Co., P. O. 
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Sheffield, R. W. (D), Reed Roller Bit Co., 
Houston, Tex 
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Sheridan, S. A. (C), 401 Parkside Ave., 
Buffalo, N. Y. 
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255 Prospect Place, Brooklyn, N. Y. 

Sherman, Larry E. (B), General Manager, 
Harris Calorific Sales Co.; (Res.) 148 
Burns Ave., Cincinnati, Ohio. 

Sherman, W. F. (C), Editor ‘‘Production 
Information,’ Automotive Council for 
War Production, 320 New Center Bldg., 
Detroit, Mich. 

Shermeyer, Lloyd (D), Welder, Industry 
Welding Co.; (Res.) 339 Liberty Court, 
York, Pa. 

Sherry, Clarence (C), Welding Supervisor, 
Dominion Bridge Co., Box 310, Terminal 
A, Toronto, Ont., Canada. 

Sherwin, R. F. (C), Manager Welding Div., 
Chicago Hardware Foundry Co., Common- 
wealth Ave., North Chicago, Ill. 

Shields, Harold (D), Welder, Converto 
Mfg. Co.; (Res.) 2422 Spring St., New 
Castle, Ind. 

Shields, W. (C), Asst. Foreman, Federal 
Shipbuilding & Drydock Co.; (Res.) 210 
Fifth St., Jersey City, N. J. 

Shilling, William (B), Honolulu Rapid 
Transit Co., 1133 Alpai St., Honolulu, T. H. 

Shimek, Frank W. (C), Welding In- 
structor, School of Vocational & Adult 
Education; (Res.) 1708 Hawthorne Ave., 
Two Rivers, Wis. 

Shiner, ay E. (C), Salesman, Linde Air 
Products Co., 56th & Center Sts., Omaha, 
Neb. 

Shipley, C. L. (C), Champion River Co., 
Cleveland, Ohio. 

Shipley, David C. (D), Welder, Cincinnati 
Milling Machine Co.; (Res.) 5648 Bramble, 
Madisonville, Cincinnati, Ohio. 
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Shipman, W. P. (C), Works Manager, 
Blaw-Knox Co.; (Res.) 1200 N. Sheridan 
Ave., Pittsburgh, Pa. 

Shiroma, Yoshiharw (B), Asst. Welding Fore- 
man, Hawaiian Constructors; (Res.) 429 
N.Vineyard St., Wahiawa, Honolulu, T. H. 

Shissler, W. E., Jr. (C), Plant Engineer, 
Standard Steel Works Div. of Baldwin 
Locomotive Works, Burnham, Pa 

Shoemaker, Lewis F., Jr. (C), Draftsman, 
Bethlehem Steel Co.; (Res.) 835 
Franklin St., Pottstown, Pa 

Shook, Edw. C. (C), Sales Engineer, Arcos 
Corp.; (Res.) R.F.D. 1, Hallam, Pa 

Shook, Henry W. (C), Welding Foreman, 
Standard Oil Co. of N. J., Boston & Dean 
Sts., Baltimore, Md. 

Shook, Martin (DD), Welder, Kay Brunner 
Co.; (Res.) 4541 Grand Ave., R.F.D. 1, 
La Canada, Calif 

Shore, Frank Joseph (C), Welder, Gilet 
Carbonizing Co., 42 Warren St., Lowell, 


&SS. 
Shotton, Robert C. (D), Are Welder, Key- 
stone 8S. & W. Co.: (Res.) 510 Oregon St., 


Apt. 105, Peoria, Lil 

Shoultz, Wm. L. (C), Plant Supt., Stainless 
Steel Products, 1000 Berry Ave., St. Paul, 
Minn. 

Shreyes, Harry A. (1), Machine Welding, 
Anaconda Wire & Cable Co.; (Res.) 
2128 Central Ave., Anderson, Ind. 

Shryock, Jos. G. (B), President & Chief 
Engineer, Belmont Iron Works, 2215 
Washington Ave., Philadelphia, Pa 

Shugarts, Blair D. (PD), Welder, Truscon 
Steel Co.; (Res.) 412 S. Pearl St., Youngs- 
town, Ohio. 

Shultheis, Clarence (F), Student, Ohio 
State University; (Res.) 2415 Hillview 
Ave., Dayton, Ohio. 

Shultz, Bennie (C), Asst. Supt. of Utilities, 
University’ of sOklahoma, Faculty Ex- 
change, Norman, Okla. 

Shultz, John (C), Engineer (Welding), H. A. 
Wilson, 120 W. 2nd Ave., Roselle, N. J. 
Shurtliff, Orla C. (C), 2nd Lt., QMC, U. 8. 
Army, Bidg. T 96, Room 3, Presidio of 

San Francisco, Calif. 

Sickles, Donald C. (ID), Serviceman, The Air 
Reduction Sales Co., 7 Sheridan Ave., 
Bellevue, Pa 

Sidney, Chas. Watson (B Consultant, 
Resistance Welding Engineer, 5S W ood- 
craft Rd., Summit, N. J 


Siefkin, E. R. (B), Production Engineer on 
Welding, Vega Airplane Co., Engineering 
Dept., Burbank, Calif 

Sieger, G. N. (B), President & General 
Manager, S.M.S. Corp., 1165 Harper 
Ave., Detroit, Mich. 

Siemer, Robert (B), President & Treasurer, 
Allan Manufacturing & Welding Co. Inc., 
726 Washington St., Buffalo, N. Y 

Siewert, Wm. P. (D), Island Trailer Park, 
Wilmington, Ill. 

Silberger, Marvin E. (B), Chief Engineer, 
American Chain & Cable Co. Inc.; (Res.) 
1531 Third Ave., York, Pa. 

Silldorf, Henry C. (C), Industrial Adver- 
tising, G. M. Basford Co.; Res.) 590 
Green Village Rd., Madison, N. J 

Sillifiant, Richard R. (B), 14 Kenwood Ave., 
Southgate, London, N. 14, England 

Silliman, W. A. (B), Metallurgist, Cleveland 
Tractor Co., E. 193rd St. & Euclid Ave., 
Cleveland, Ohio 

Silver, Roy H. (B), President, Silver Welding 
Supply, West Roxbury, Mass 

Silverblatt, Chas. (C 
hem Steel Co.; (Res 
Pittsburgh, Pa. 

Silverman, Samuel (PD), Student Welder 
Citizen Prep. Center Res 250 E 
35th St., New York, N. Y. 


Draftsman, Bethle- 
3143 Ewart Drive, 


Silverwood, Barry Watson (B), Head of 
Welding Dept., Armstrong Whitworth 
Shipbuilders; Res.) 36 Elton St 
Wallsend on Tyne, County No rthumbe 
land, England. 
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Simanovich, Stanley (1), Welder, Greenport 
Basin & Construction Co.; (Res.) 12 
Hillside Ave., Glen Cove, L. I. N. Y. 

Simmons, Arthur (C), Welder, Armstrong 
Cork Co.; (Res.) 236 Nevin St., Lan- 
caster, Pa. 

Simmons, C. B. (B), Welding Supervisor, 
Foster Wheeler Corp., So. Zanesville, 
Ohio. 

Simmons, Oscar B., Jr. (C), Draftsman, 
Taylor-Winfield Corp.; (Res.) 471 Wash- 
ington St., N. E., Warren, Ohio. 

Simmons, Walter H. (C), General Manager, 
Welding Sales & Engineering Co., 8750 
Grinnell! Ave., Detroit, Mich. 

Simms, Forde (C), Welding Instructor, 
Essex Co. Vocational School, Newark; 
a) 1992 Springfield Ave., Maplewood, 

J 

Simms, Howard N. (C), Metallurgist, Black, 
Sivalls & Bryson, Inc.; (Res.) 1217 8. W. 
32nd, Oklahoma City, Okla. 

Simon, Edw. F. (B), Vice-President & 

General Manager, The Ohio Machine & 

Boiler Co., 1501 University Rd., Cleve- 

land, Ohio. 


Simon, W. H. (B), Ph.D., Consulting Engi- 


neer, 23 Nelson St., Montreal W. Que.,. 


Canada. 


Simpkins, Andrew (C), Marterman Welder, 
Cramp Shipbuilding; (Res.) 136 Monroe 
Ave., Magnolia, N. J 

Sinclair, Richard G. (C), Designer & Drafts- 
man, Federal Machine & Welder Co.; 
(Res.) 1960 Estabrook, N. W., Warren, 
Ohio. 

Singerle, Chas. (D), Welder, Chelsea Fan & 
Blower Co.; (Res.) 31 High St., Jersey 
City, N. J. 

Singleton, G. R. (B), President, New Eng- 
land Welding Labs. Inc., 88 St. Stephen 
St., Boston, Mass. 


Singleton, Jack (C), District 
American Institute of Steel Construction 
Inc., 622 New England Bldg., Topeka 
Kan. 

Sinn, Jos. (C), Rural Route 1, Jefferson 
City, Mo. 

Sioberg, Charles F. (A), President, York Safe 
& Lock Co. York, Pa. 

Sir, Walter W. (C), Asst. Chief Engineer, 
Commonwealth-Edison Co., S. 
Pulaski Rd., Chicago, Ill. 

Sirabian, E. A. (C), Machine Designer, 
Taylor-Winfield Corp.; (Res.) 1419 W, 
North Shore Ave., Chicago, Il. 

Sirugo, Jos. R. (D), Welder, Brano Welding 
Co.; (Res.) 2112 N. Charles St., Balti- 
more, Md. 

Sivyer, Wm. (C), Sales Engineer, The Lin- 
coln Electric Co., 2948 Rising Sun Rd., 
Ardmore, Pa. 

Skinner, James E. (B), Welding Wire Sales, 
Page Steel & Wire Div. of American Chain 
& Cable Co., Moneesen, Pa. 

Skinner, M. G. (B), Secretary & Treasurer, 
St. Louis Blow Pipe & Heater Co., 1948 
N. 9th St., St. Louis, Mo. 

Skinner, William E. (C), Industrial Planner, 
General Electric Co., Pittsfield, Mass.; 
(Res.) 43 Chickering St., Pittsfield, Mass. 

Skog, Ludwig (B), Partner, Sargent & 
Lundy, 1408. Dearborn St., Chicago, IL. 

Skuhrovec, Joseph (C), Elect. & Welding 
Engineer, Una Welding Inc.; (Res.) 
12909 Farringdon Ave., Cleveland, Ohio. 

Slater, Evertt (C), Supervisor, Vega Aircraft 
Co., Plant 2, Burbank, Calif. 

Slaughter, Wm. I. (D), Elect. Welder, 
M. W. Kellogg Co.; (Res.) 1030 Dempster 
St., Evanston, Ill. 

Sledesky, E. (C), Leadingman, Cramp Ship- 
building Co., Richmond & Norris St., 
Philadelphia, Pa. 

Sleeman, William C. (B), Manager of Works, 
Pullman-Standard Car Mfg. Co., P. O. 
Box No. 311, Bessemer, Ala. 

Slipper, Alan G. (C), Welding Sales Engi- 
neer, Hawaiian Gas Products Co., P. O. 
Box 2454, Honolulu, T. H. 

Slivka, John, (D), Head Welder, Class A, 
General Railway Signal, 1236 Jay St., 
Rochester, N. Y 


Sloane, P. C. (C), Sales Representative, 
The Linde Air Products Co.; (Res.) 
328 E. 18th Ave., Columbus, Ohio. 

Slomeana, Jos. A. (D), Welding Operator, 
Welding Engineers, Inc.; (Res.) 1970 
Hunting Park Ave., Philadelphia, Pa. 

Slottman, George V. (C), Manager, Air 
Reduction Sales Co., 60 E. 42nd St., New 
York, N. Y. 

Slutes, Brighton P. (B), District Manager, 
n Charge of All Projects, Northern Ohio, 
1526 Hanna Bldg., Cleveland, Ohio. 

Small, C. L. (D), Maintenance Welder, 
Sherrick Bros. Coal Co; (Res.) 1327 
Denman Ave., Coshocton, Ohio. 

Small, Gilbert (C), Structural Engineer, 
J. R. Worcester & Co., 79 Milk St., Boston, 
Mass. 

Smart, Walter C. H. (C), Welding Super- 
visor, Ingersoll Rand Co.; (Res.) 2115 
Northampton St., Easton, Pa. 

Smellie, J. T. (C), Electric & Oxyacetylene 
Welder, The Steel Co. of Canada, Ltd.; 
(Res.) 40 Huxley Ave., N. Hamilton, 
Ont., Canada. 

Smith, Abram E. B), Vice-President, 
Union Tank & Car Co., 228 N. La Salle 
St., Chicago, Ill. 

Smith, Albert (D), Are Welder, Keystone 
Steel & Wire Co.; (Res.) 710 Springfield 
Rd., East Peoria, Ill. 

Smith, Albert K. (C), Manager, Big Three 
Welding Equipment Co.; (Res.) 4402 
Roseneath, Houston, Tex. 

Smith, Alex (C), The Youngstown Welding & 
Engineering Co., 3700 Oakwood Ave., 
Youngstown, Ohio. 

Smith, Amasa G. (C), Asst. Shop Supt., 
Chicago Bridge & Iron Co.; (Res.) 2899 
Thornhill Rd., Birmingham, Ala. 

Smith, Andrew B. (B), Principal Surveyor, 
American Bureau of Shipping, Rm. 717, 
327 8. La Salle St., Chicago, Ill. 

Smith, Andrew M. (C), Welder, Sub-Fore- 
man, Western Pipe & Steel Co.; (Res.) 903 
Lakme Ave., Wilmington, Calif. 

Smith, Art (C), Master Mechanic, Ben. C. 
Gerwick; (Res.) 2237A 62nd Ave., 
Oakland, Calif. 

Smith, Arthur N. (C), Welder Foreman, 
Fruehauf Trailer Co., 6522—2nd Ave., 
Los Angeles, Calif. 

Smith, Arthur W. C. (B), General Supt., 
Phoenix Iron Co., Phoenixville, Pa. 

Smith, Austen J. (B), Metallurgist, Luken- 
heimer Co., Cincinnati, Ohio. 

Smith, Benjamin (D), Welder, Navy Yard, 
Philadelphia, Pa.; (Res.) Stonehouse Lane, 
Philadelphia, Pa. 

Smith, Ben K. (B), President, Big Three 
Welding Equipment Co. & Sabine Oxygen 
Co., P. O. Box 3047, Houston, Tex. 

Smith, Chas. F. (C), Instructor, Louisiana 
State University; (Res.) 2908 Lockwood 

t., Baton Rouge, La. 

Smith, Charles S. (B), District Manager, 
The Linde Air Products Co., 114 Sansome 
St., San Francisco, Calif. 

Smith, Chas. S. (C), Marine Surveyor, 
American Bureau of Shipping; (Res.) 
Hotel Underwood, Wauwatosa, Wis. 

Smith, Clinton C. (C), Welding Instructor, 
Portsmouth Navy Yard; (Res.) 192 
Raleigh Way, Portsmouth, N. H. 

Smith, Dorothy L. (C), Proprietor & In- 
structor, Smith Welding School, 250 W. 
54th St., New York, N. Y. 

Smith, E. Butler (B), Supt. Mech. Engi- 
neering, Pioneer Mill Co. Ltd., Lahaina, 
Maui, T. H. 

Smith, Earle C. (B), Chief Metallurgist, 
Republic Steel Corp., Cleveland, Ohio. 

Smith, Edward (B), Welding Engineer, 
Steel Sales Corp.; (Res.) 7305 Middle- 
point, Dearborn, Mich. 

Smith, Edward C. (B), President, National 
Elect. Welding Machine Co., Bay City, 
Mich 

Smith, Edwin R. (C), Marine Surveyor, 
American Bureau of Shipping, Dempsey 

Bidg., Manitowoc, Wis. 
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Smith, Emmett A. (C), Welding Engineer. 
a? Electric Co.; (Res.) 15920 Hazel 
Rd., East Cleveland, Ohio. 

Smith, Everett G. (B), Welding Instruct, 
University of Louisiana; (Res.) 349 
State St., Baton Rouge, La. 

Smith, E. L. (C), Salesman, Lincoln Electr; 
Co.; (Res.) 1445 8. Salina, Syracuse, N. Y. 

Smith, Everett O. (C), Welding Engineer. 
Sales, Hobart Welding Equipment Co 
360 8. Meridian St., Indianapolis, Ind. 

Smith, Frank M. (B), General Manager & 
Vice-President, Stout Skycraft Corp 
21248. Telegraph Rd., Dearborn, Mich. 

Smith, Harry (C), Sales Manager, Big 
Three Welding Equipment Co.; (Res 
2105 Swift St., Houston, Tex. 

Smith, Hope (C), Plant Engineer, Com- 
bustion Engineering Co., 1032 W. Main 
St., Chattanooga, Tenn. 

Smith, H. Christa (B), Sales Engineer, 
Henry F. Smith & Son, 626 Broadway, 
Cincinnati, Ohio. 

Smith, Harry H. (C), Sales Manager, 
Youngstown Sheet & Tube Co., Young- 
stown, Ohio. 

Smith, H. Sidney (A), Consulting Engineer, 
Union ‘arbide Co., 30 E. 42nd St., New 
York 

Smith, Ae W. (C), Tool Designer, Norther: 
Pump Co.; (Res.) 2807 Lyndale, N. 
Minneapolis, Minn. 

Smith, J. Earle (B), Welder, Keystone 
Welding & Brazing Co., 309 E. Pine St., 
Seattle, Wash. 

Smith, John (C), Welder, Fisher Body Co.: 
(Res.) 1413 Regent Rd., Wickliffe, Ohio. 
Smith, Joseph C. (B), Sales Engineer, 
Weldit Acetylene Co., 638 Bagley Ave., 

Detroit, Mich. 

Smith, Kenneth C. (D), Welder, Uehtorff 
Co.; (Res.) 2103 W. 2nd St., Davenport, 
Iowa. 

Smith, Kermit Je (C), Welding Foreman, 
Dravo Corp.; (Res.) 5 Naylor Ave. 
Penns Grove, N. J. 

Smith, K. L. (C), Welder, Foreman, Cali- 
fornia Shipbuilding Corp.; (Res.) 333 
N. Elizabeth, Monterey Park, Calif. 

Smith, Lincoln (D), Resistance Welder, 
Metolite Mfg. Co.; (Res.) 3824 8. Har- 
vard Blvd., Los Angeles, Calif. 

Smith, Lloyd M. (C), Welding Instructor, 
Utilities Engineering Inst., 1314 Belden 
Ave., Chicago, Il. 

Smith, Lurton R. (C), Lieut. (jg), U.S.N.R 

Active Duty, Fort Schuyler, The Bronx, 

Ee 


aN. 


Smith, Martin M. (C), General Manager, 
Commercial Acetylene Supply Co., 60 
E. 42nd St., New York, N. Y. 

Smith, Murphy (D), Welding Operator, 
Geo. Van Varick Co.; (Res.) 7 High St., 
Butler, N. J. 

Smith, Neal A. (C), Elect. Engineer, Federa! 
Machine & Welder Co.; (Res.) 148 
Atlantic St., N. E., Warren, Ohio. 

Smith, Norman E. (C), Welding Supervisor, 
Material Service Corp.; (Res.) 551 Ross 
St., Joliet, Ill. 

Smith, Otis L. (B), President, Weldit 
Acetylene Co., 638 Bagley Ave., Detroit 
Mich. 

Smith, P. L., Jr. (D), W —. 38 Mt. 
Prospect Ave., Bellville, N. 

Smith, Richard D. (C), ‘gl Treater, 
York Safe & Lock Co.; (Res.) 516 8 
Duke St., York, Pa. 

Smith, Richard E. (B), Welding Engineer 
Moore Dry Dock; (Res.) 2174 California 
St., San Francisco, Calif. 

Smith, R. P. (C), Supt., Converse Bridge & 
Steel Co., Vance Ave., Chattanooga, Tenn. 

Smith, Russell W. (C), Welder, Manager of 
School, Industrial School of Welding; 
(Res.) 472 Devon St., Arlington, N. J. 

Smith, Samuel H. (C), Manager, Air Reduc- 
tion Sales Co., 818 W. Winnebago 5t., 
Milwaukee, Wis 
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th, Sidney K. (B), Principal Surveyor, 
we Bureau of Shipping, 1727 
Exchange Bldg., Seattle, W ash. 
th, Stanley (C), Welder, Robberson 
Co., Oklahoma City, Okla. 
th, Stephen (C), Development Engineer, 

aw Reduction Sales Co.; (Res.) 14 
Tonnele Ave., Jersey City, N. J 

Smith, T. (C), Foreman, Wyatt Metal «& 
Boiler Works, P. O. Box 3052, Houston, 
Tex. 

Smith, Thomas B. (B), Welding Foreman, 
Federal Shipbuilding & Drydock Co.; 

tes.) 30 Headly Place, Maplewood, N. J. 

Smith, Thos. E. (C), Elect. Welder, Navy 
Yard; (Res.) 1 Prospect Park, W., Brook- 
lyn, N. Y. 

Smith, Turner C. (B), Engineer, General 
Petroleum Corp., 2525 E. 37th St., Los 
Angeles, Calif. 

Smith, Van Dorn C. (B), Sales Dept., 
Oakite Products Inc., 22 Thames 8t., 
New York, N. 

Smith, Wm. E. (B), Chief Boiler Inspector, 
Hawaiian Sugar Planters Assn., 0. 
Box 411, Honolulu, Hawaii. 

Smith, Wesley, T. (B), Welding Instructor, 
National Defense Training; (Res.) 7035 
Sidney St., Houston, Tex. 

Smith, William T. (C), Merchant Marine 
Inspector in Charge, U. 8S. Coast Guard, 
Merchant Msg _ Inspection, 440 Federal 
Bidg., Buffalo, N. Y. 

Smith, W. satis (C), National Defense 
Welding Instructor, Pasadena City Schools, 
(Res.) 2144'/, Las Colinas Ave., Los 
Angeles, Calif. 

Smith, W. W. (A), Asst. to President, 
Inland Steel Co., 38 8S. Dearborn 8t., 
Chicago, Ill. 

Smizawski, John J. (C), Welder, Con- 
solidated Edison Co.; (Res.) 2025—43rd 

, Astoria, L. L., N. ¥. 

sania Harold A. (C), Artillery Welding 
Inspector, U. 8. Army Ordnance, 1182 
Summit Ave., Lakewood, Ohio. 

Snell, Fred (D), Reda Pump Co., Bartles- 
ville, Okla. 

Snell, Sam W. (B), Welding Instructor, 
Toledo Board of Education; (Res.) 
5539—304th, Toledo, Ohio. 

Snider, J. William (C), Welding Foreman, 
Black Sivalls & Bryson; (Res.) 4105 E. 
37th St., Kansas City, Mo. 

Snider, W. E. (C), Welder, Northrop Air- 
craft Corp.; (Res.) 4080 W. 105th St., 
Inglewood, Calif. 

Snyder, Lt. Gerald P. (C), 10th Ordnance 
Service Co., A.P.O. 947, % Postmaster, 
Seattle, Wash. 

Snyder, M. C. (B), President, Snyder Mfg. 
Co., Box 14, Buffalo, x a 

Snyder, Robt. R. (D), Aluminum Welding, 
General Electric Co.; (Res.) 5 Congress 
Ave., Saratoga Springs, N. Y. 

Sobol, Walter (C), Hindustan Aircraft, 
Bangalore, India. 

Soden, W. E. (C), Sun Oil Co., 1608 Walnut 
Philadelphia, Pa. 

Sohn, Jesse S. (C), Welder, American Bridge 
Co., Leetsdale, Pa. 

Sokoloff, R. M. (1D), Welder, A. & A. Boiler 
& Tank Works; (Res.) 4649 W. Harrison 
St., Chicago, Ill. 

Joseph (1D), Elect. Welder, M. W. 
Kellogg Co.; (Res.) 144 W. 3rd St., 
Bayonne, N. J. 

Solberg, Frank (D), Welder, 65 Carlton 
Ave., Jersey City, N. J. 

Soman, Robt. (C), Engineer, Gilbert D. 


Fish; (Res.) 9318 Baldwin Ave., Forest 
Hills, A 


Somers, Robert E. (C), Research Engineer, 
Bethlehe *m Steel Co., Bethlehem, Pa. 


Somerville, G. G. ‘B), Elect. Engineer, 
General Electric Co.; (Res.) 63 Easton 
Ave., Pittsfield, Mass. 

Somerville, Wm. P. (D); (Res.) 305—2nd 
St., New Westminster, B. C., Canada. 

Sommer, George P. (D), Welder, Western 


Pipe & Steel Co.; (Res. 
Gate Ave., San Francisco, Calif 


¢ rolden 


Foreman, R. G. Le 
N. Bourland, 


Sommer, Phillip (C 
Tourneau, Inc.; (Res.) 207 
Peoria, Ill. 

Sommerville, Richard V. (C), P. O. Box 
828, Donora, Pa. 

Sondenaa, Jens V. (D), Welder, Royal 
Norwegian Air Force, 341 Church St., 
Toronto, Canada. 

Sorensen, Martin (C Foreman, Food 
Machinery Corp., 333 W. Julian St., 
San Jose, Calif. 

Sorenson, W. C. (C), Boilermaker & Welder, 
American Crystal Sugar Co., Box 562, 
Oxnard, Calif. 

Sousa, John, Jr. (D), Welder, Cincinnati 
Shaper Co.; (Res.) 50—19th St., Newport, 
Ky. 

Sowden, E. Kenneth (CC), Owner, E. K. 
Sowden Repair Service; (Res.) 156 W. 
King St., Malvern, Pa. 

Spagnoli, Herbert J. (DD), Elect. Welder, 
Bethlehem Shipbuilding Co.; (Res.) 3812 
Hudson St., Baltimore, Md. 

Spahn, John (D), Electric Welder, New 
York Shipbuilding Corp.; (Res.) 421 
Perin St., Camden, N. J. 

Spalt, Geo. N. (D), Welder, Electro-Motive 
Corp.; (Res.) 6111 W. Roosevelt Rd., 
Cicero, Ill. 

Spangler, John I. (C), Plant Supt., Read 
Machinery Co., 947 Virginia Ave., York, 
Pa. 

Sparks, H. H. (C), Elect. Engineering Asst., 
Dept. Water & Power; (Res.) 5118 
Echo St., Los Angeles, Calif. 

Sparks, Harold R. (B), Metallurgist, Chry- 
sler Corp., Metallurgical Dept., 12800 
Oakland Ave., Detroit, Mich. 

Sparr, Emil (B) Shop Supt., Genesse Bridge 
Co. Inc., 344 West Ave., Roe hester, N. 

Spaulding, Ralph E. (B), President, The 
Aetna Steel Construction Co.; (Res.) 
1252 Windsor Place, Jacksonville, Fla. 

Spaulding, Roy L. (C), Welding Foreman, 
American Hoist & Derrick Co., 63 8. 
Robert St., St. Paul, Minn. 

Spear, Robt. D. (C), District Manager, 
Foster Wheeler Corp., 206 Sansome St., 
San Francisco, Calif. 

Specht, Jos. (C), Otis Steel Co., 3341 Jen- 
nings Rd., Cleveland, Ohio. 

Speed, Francis H. (C), Chief Engineer, 
Thomson-Gibb Electric Welding Co., 
161 Pleasant St., Lynn, Mass. 

Spelhang, Minor A. (C), Asst. Welding 
Supt., Kaiser Co., Inc., Portland, Ore., 
Rt. 4, Box 1581; (Res.) 10320 N. E 
6th Drive, Portland, Ore. 

Spence, John R. (A), General Sales Manager, 
Stoody Co., Whittier, Calif. 

Spencer, Glenn (B), Research Engineer, 
Cardwell Mfg. Co., Box 2001, Wichita, 

an. 

Spencer, Kenneth (D), Mech. Engineer & 
Welder, ul E ating Co., 
17 Gray St., ‘aldwell, 

Spice, Stuart (C Engineer, 
Buick Motor Div., General Motors Corp., 
929 E. Wellington Ave., Flint, Mich. 


Spicer, Kenneth M. (C), Welding Engineer, 
International Nickel Co. Inc., 67 Wall 
st., New York, N. Y. 

Spiecher, Donald E. (C), Inspector for 
P.R.R., 845—17th St., Altoona, Pa. 

Spindler, Wm. A. (C), Asst. Professor of 
Metal Processing, University of Michigan, 
2047 E. Engineering Bldg., Ann Arbor, 
Mich. 

Spittler, E. R. (C), Welding Engineer, 
General Electric Co.; (Res.) 6 Cornelius 
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& Pipe Works, P. O. Box 485, Chicago, Lil 

Taylor, Philip (B), Instructor, Haverhill 
Trade School; (Res.) 32 Rutherford Ave., 
Haverhill, Mass. 

Taylor, Richard H. (A), Vice-President, 
Electroloy Co. Inc., 1600 Seaview Ave., 
Bridgeport, Conn. 

Taylor, S. H., Jr. (C), District Sales Manager, 
The Lincoln Electric Co.; (Res.) 2040 
Hanover Drive, East Cleveland, Ohio 

Taylor, Stevenson M. (C), Welding Engineer, 
Manitowoc Shipbldg. Co., Manitowoc, 

is. 

Taylor, Wm. M. (1D), Welder, Ohio Spring & 
Welding Co.; (Res.) 1916 Niles Ave., 
Warren, Ohio. 

Taylor, Woodrow L. (C), 1401—22nd 8&t., 
5S. E., Washington, D. C. 

Tebben, ~~ D. (B), Industrial Specialist, 
War Production Board, Temporary Bldg. 
S, Washington, D.C 

Tedesco, Chas. E. (D), Welding Plumber, 
U. 8S. Naval Base; (Res.) 2 Margaret 
Ave., Nutley, N. J. 

Teeple, Ralph J. (B), District Sales Manager, 
Page Steel & Wire Division of American 
Chain & Cable Co., Inc., 230 Park Ave., 
New York, N. Y. 

Telfer, Wm. (C), Instructor, University of 
Michigan; (Res.) Washtenaw, Rd Ann ~ 
Arbor, Mich. 

Telford, Geo. W. (C), Foreman, Trailer Co. . 
of America; (Res 6882 Ester Lane, 
Madeira, Ohio. 
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Temple, Wesley D. (D), Welder, Mark 
Haines Welding School; (Res.) 915 
Slater St., Santa » Rosa, Calif. 

Tenney, G. E. (C), District Manager, The 
Lincoln Blectric Co., 323 E. 23rd, Chicago, 


Terrell, Earl W. (C), 6601 Meadowlawn, 
Apt. 3, Houston, Tex. 

Tesmer, A. W. (C), General Plant Engi- 
neering, American Welding & Mfg. Co., 
Warren, Ohio. 

Thaden, Herbert V. (B), Manager, Thaden 
Engineering Co., Roanoke, Va. 

Thamme, E. P. (D), Welder, Metropolitan 
Sand & Gravel Corp.; (Res.) 58 Clinton 
St., Farmingdale, L.I., N. Y. 

Thayer, Frank L. (C), 120 Central St., 
Athol, Mass. 

Theisinger, W. Gordon (C), Welding & 
Metallurgical Engineer, Lukenweld, Inc.; 
(Res.) 104 8. 12th Ave., Coatesville, Pa. 

Thoen, Norman (B), Welding Engineer, The 
Heil Co., 3000 W. Montana St., Mil- 
waukee, Wis. 

Tholen, Matthew A. (C), Foreman, Link 
Belt Co., 2410 W. 18th St., Chicago, Ill. 
Thomas, Frank P. (C), Research & Design 
Engineer, Chicago Bridge & Iron Co.; 

(Res.) 9804 8S. Seeley Ave., Chicago, Ill. 

Thomas, George J. (C), Welder & Burner, 
Diamond Iron Works; (Res.) 63 N. 11th 
st., Minneapolis, Minn. 

Thomas, J. D. (C), Welding Instructor, 
Inglewood High School; (Res.) 421 8S. 
La Brea Ave., Inglewood, Calif. 

Thomas, Jack R. (B), Special Representa- 
tive, Warren City Tank & Boiler, Div. 
Taylor-Winfield Corp., 231 Kenmore, 
S. E., Warren, Ohio. 

Thomas, R. D. (B), President, Arcos Corp., 
401 N. Broad St., Philadelphia, Pa. 

Thomas R. David (C), Metallurgical Engi- 
neer, Arcos Corp.; (Res.) 103 Avon Rd., 
Narberth, Pa. 

Thomas, T. G. (C), Architect, Common- 
wealth Edison Co., 72 W. Adams St., 
Room 828, Chicago, Ill. 

Thomas, Walter J. (C), Welding Engineer, 
Western Pipe & Steel Co., 9465 La Salle 
Ave., Los Angeles, Calif. 

Thompson, Arthur C. (C), General Supt., 
Koppers Co., Bartlett Hayward Div., 
Boulevard Plant, 3141-43 Washington 
Bivd., Baltimore, Md. 

Thompson, Clarence A. (D), Welder, Air- 
craft Accessories Corp.; (Res.) 1908 Ash, 
Independence, Mo. 

Thompson, Donald W. (D), Part Owner, 
Thompson Bros.; (Res.) Windham, N. Y. 

Thompson, Edw. B. (C), Sales Engineer, 
A. OQ. Smith Corp.; (Res.) 753 Fairview 
Ave., Webster Groves, Mo. 

Thompson, John (B), Research Engineer, 
John Thompson Water Tube Boilers Ltd., 
en Works, Wolverhampton, Eng- 
and, 

Thompson, Geo. F. (C), Engineer, Wellman 
Engineering Co., 7000 Central Ave., Cleve- 
land, Ohio. 

Thompson, H. C. (C), Serviceman, Air 
Reduction Sales Co.; (Res.) Grandview 
Ave., Glenshaw, Pa. 

Thompson, J. R. (B), Manager, Metallurgical 
Dept., American Steel & Wire Co., Rocke- 
feller Bldg., Cleveland, Ohio. 

Thompson, Jeffrey (C), Welder, U. S. Navy 
Yard; (Res.) 99 Portland Ave., Old 
Orchard, Me. 

Thompson, Theodore (C), Engineer in Charge 
of Maintenance & Power, E. I. du Pont, 
Electrochemicals Div., Niagara Falls, N.Y. 

Thompson, Thomas (C), Arc & Gas Welder, 
Riggs Distler Corp.; (Res.) 240-08 
hs Ave., Rosedale, L. I. (Queens), 


Thompson, William L. (B), Roadmaster, 
Missouri-Kansas-Texas Railroad 
(Res.) 1317 Oklahoma, Woodward, Okla. 


Thoms, Jos. (C), Welding Shop, 226 N. Ann 
St., Lancaster, Pa. 


Thomson, Malcolm (C), Welding Engineer, 
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General Electric Co., 920 Western / 


Thorndike, Franklin R. 
, Western Pipe & Steel Co.; 
454 N. El Camino Rd., San Mateo, Calif. 

, Acting Naval Archi- 
American Ship Building Co., 
1410 Terminal Tower, Cleveland, Ohio. 
Thow, Frank (C), Marine Draftsman, 

American Shipbuilding Co., 
Tower, Cleveland, Ohio. 
Sales Manager, 
Balbach Co., 1201 California St., 


Thrift, Lester L. 
Shipbuilding & 
359 Danforth Ave., Jersey City, N. J. 

Thum, Ernest E. 


»), Asst. Foreman, Federal 


), American Society for 
Metals, 7301 Euclid Ave., Cleveland, Ohio. 


Thumser, Robert C. (C), Plant Engineer, 


Thure, Donald (C), Foreman, Grand Rapids 
Stamping Div.; (Res.) 849 Burton St., 
8. E., Grand Rapids, Mich. 

Tibbenham, Louis John 

i Suffolk Iron Foundry, 

market, England. 


Arthur Tickle Engineering Works Inc.; 
) 21 Delevan St., Brooklyn, N. Y. 
Ticknor, Wm. A. (C), Fitter Operator, Lewis 
‘eldi Engineering Corp.; 
109 W. Glendale, Bedford, Ohio. 
Tage. Ronald (B), Supt. of Construction, 
Piping & 
‘eldi 42 Stone St., Meriden, Conn. 


Hoist & Derrick 
or St., St. Paul, Minn. 
Tiffin, Wm. T. 


(Res.) 285 Macales- 


(B), Associate Professor of 
Engineering, University of Okla- 
homa, Norman, Okla. 

, Taylor-Winfield 
(Res.) 1053 Paige, N. E., Warren, 


Tiesmens, Geo. A. (B), Metallurgical Engi- 
, Climax Molybdenum Co. of Mich., 
14410 Woodrow Wilson, Detroit, } 
Timmons, John J. ( 
& Casualty Co., 810 Arrott Bldg., 


, Designer, Bethlehem 
(Res.) R. D. 4, Bethlehem, Pa. 
Vice-President, Metal 
120 Broadway, 


Tinnon, John B. (B), 
& Thermit 


Production Welder, 
Federal Shipyard & Drydock Co.; ( 
141 Boonton Ave., Butler, N. J. 
Tisza, Ernest E. (B), Chief Engineer, Wilson 

Welder & ns Co., 318 Palisade Ave., 


Titherington, Charles c. (C), Welding Engi- 
(Res.) 634 Knollwood Terrace, W estiield’ 

J 
Tobey, Grover A. (C) 


Seattle-Tacoma 
(Res.) 4021 Chilberg Ave., Seattle, 


WwW elder Leadingman, 


Welder Foreman, 
Hughes Tool Co., 300 Hughes St., 


, Welder, Pioneer Engi- 
neering Works; 
E., Minneapolis, Minn. 


Training for War Workers, 
Board of Education.; 
11626 Woodward, Detroit, Mich. 
Tomlinson, P. H. 
neer, Farrel Birmingham Co.., 
110 Westfield Ave., Ansonia, Conn. 


Tomlinson, Thos. E. (C), Inspector & Testing 
Southwestern Labs., Box 1379, 
Fort Ww Tex. 


, Metallurgical Engi- 


national Harvester Co.; (Res.) 2152 W. 
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Toof, Herman L. (C), Fabricating Engi; 
Provide ence Steel Co., P. O. B 
1306, Providence, R. 

Toomey, John (D), scien Delco Appli- 
ance Co.; (Res.) 109 Wilmington s: 
Rochester, N. Y. 

Torgler, E. R. (B), Works Manager, Dresser 
Mfg. Co. . Bradford, Pa. 

Torok, Albert J. (B), U. 8. Ordnance In- 
spector, U.S.Government; (Res.) 117192 
S. Lowe Ave., Chicago, Ill. 

Tovey, Alfred W. (D), Welder, Robins Dry 
Dock & Repair Co., Brooklyn; (Res 
6 Montague Terrace, Brooklyn, N. Z. 

Tower, Edwin H. (D), Welder, Cincinnati 
Milling Machine Co.; (Res.) Sunset Ave., 
Mt. Washington, Cincinnati, Ohio. 

Towner, Milton C. (B), Director of Voca- 
tional Training, The Y.M.C.A. of Chicag: 
54th St. & Chicago Ave., Chicago, Ill. 

Townsend, Albert J. (B), Chief Mech. Engi- 
neer, Lima Locomotive Works, Inc. 
South Main St., Lima, Ohio. 

Townsend, John R. (A), Materials Standards 
Engineer, Bell Telephone Labs., Inc., 
463 West St., New York, N. Y. 

Townsend, Raymond L. (C), President, 
Tweco Product C 0., English at Ida, 
Wichita; (Res.) 829 S. Madison, Wichita 
Kan. 

Townsend, W. M. (B), Works Manager, 
Montreal Locomotive Works, Ltd., 215 
St. James St., W. Montreal, Canada. 

Trainer, Stuart W. (B), Sales Engineer, 
Harnischfeger Corp., 1626 K St., N. W 
Washington, D. C. 

Trammell, R. H. (C), Manager, Fulton 
Supply Co., Atlanta, Ga. 

Trefts, George M. 3rd (C), Plant Supt., 
Farrar & Trefts Inc., 20 Milburn S5t., 
Buffalo, N. Y. 

Tremblay, Lauriat (C), First Master Mechanic 
& Welder, Hospital St. Michel Archange! 
Mastai, Quebec, Canada. 

Trexel, Carl A. (C),y Captain, U. 8. Navy, 
Director, Plaining & Design Dept.. 
Bureau of Yards & Docks, Navy Dept., 
Washington, D. C. 

Triden, Lewis (D), Welder, Northern Pump 
Co.; (Res.) 4110 Xenia Ave., Robbins- 
dale, Minn. 

Troger, Henry H. (B), Asst. General Supt., 
Federal Shipbuilding & 
(Res.) R.F.D. Brunswick, N. 

Trott, Charles H. , Structural Engineer, 
Navy Dept., Monroe 8t., N. W.., 
Washington, D. C. 

Trout, Fred R. (D), Appliance Welder, 
Panama Canal, Box 1082, Balboa, Cana! 
Zone. 

Troutman, Lester L. (C), Welding Foreman, 
Western Industrial Enginee ig Co.; 
(Res.) 927 Mulhail St., El Monte, Calif. 

True, Dwight (C), Naval Architect, Great 
Lakes Engineering Works, River Rouge 
Mich. 

Trueblood, Paul M. (B), Engineer, U. 5 
Engineers, Seattle, W ash. ; (Res.) 5802 
16th Ave., N. E., Seattle, Ww ash. 


Trueblood, Richard O. (B), Instructor in 
Mech. Engineering & Elect. Engmeering, 
University of Wyoming, Engineering 
Bldg.; (Res.) 505A S. 10th St., Laramie, 
Wyo. 

Tuck, J. H. (B), Supt. Monel Dept., White- 
head Metal Products Co. of Canada 
Port Colborne, Ont., Canada. 


Tucker, Elias (C), Welding Sales, Tucker 
Welding Supply Co., 1718 Common- 
wealth, Boston, Mass. 


Tucker, James R. (A), General Manager, 
Federal Aircraft & School of Welding, 
1112 Union Ave., Memphis, Tenn. 


Tucker, Norman Albert (C), Welding Engi- 
neer, B.T.H. Co. Ltd.; (Res.) Westgate, 
Westgate Rd., Rugby, England. 

Tucker, R. E. (B), Vice-President, Hemphill 
Schools, 515 S. Western Ave., Chicago, Ill. 

Tullis, H. I. (C), Welding Supplies, Owner 


H. I. Tullis, 1101 E. Anaheim St., Long 
Beach, Calif. 
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Tung, Shi-Tai (C), Elect. Engineer, Univer- 
sal Trading Corp., 630—5th Ave., New 
York, N. Y. 

Tuomala, J. Evald (C), 13 Werden St., 
Federal Terrace, Vallejo, Calif. 

Turay, Jos. (D), Elect. Welding, 
Chalmers Mfg. Co.: (Res.) 
Vliet St., Milwaukee, Wis. 

Turi, Ricky (D), 
Pipe & Steel Co., 
San Francisco, Calif. 

Turner, Harry P. (D), H. 
Atglen, Pa. 
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Welding Foreman, Western 
Butler Road, South 


P. Turner Co., 


Turner, J. D. (C), Salesman, National 
Cylinder Gas Co., 1232 S. Oswego, Tulsa, 
Okla 


Turner, Merrill H. (C), Secretary, Home 
Oxygen Co., Inc., 2074 Laura Ave., 
Huntington Park, Calif. 


Turnquist, Carl H. (C), Welding Supervisor, 
Vocational Training for War Production 
Workers, Detroit Board of Education; 
(Res.) 11350 Terry Ave., Detroit, Mich. 


Tuttle, Daniel A. (B), Welding Teacher, 
Board of Education, New York City; 
(Res.) 22-28—42nd St., Astoria, L. L., 

Tuzzeo, Joseph J., Jr. (B), Welding Engi- 
neer, Manager, ‘American Welding Prod- 
ucts Corp. of N. J., Director, American 

Welding Schools, 15 Prince St., Paterson, 

N. J. 


Tweed, R. (B), 
waite & Co. Ltd.; 
Calcutta, India, 

Twiss, Wm. E. (B), Metallurgist, Byron 
Jackson Co., Box 2017 Terminal Annex, 
Los Angeles, Calif. 

Tydell, Ernest (C), Welder, 
Vallejo, Calif. 

Tyrner, Jos. M. (C), Elect. Engineer, Wilson 
Welder & Metals Co.; (Res.) 164 Maple 
St., Englewood, N. J. 


Works Manager, Brath- 
(Res.) P. O. Box 4277, 


1101 Grant, 


U 


Ubbes, Frank (D), Electric Welder, Duplex 
Printing Press; (Res.) 1604 Reed Ave., 
Kalamazoo, Mich. 


Uffman, Paul J. (C), Sheet Metal Worker 
Supt., Wm. Staubitz Sheet Metal Works, 
905 Depot St., Cincinnati, Ohio. 

Uher, Otto (C), Inspector, J. H. Herron Co.; 
ng 16775 Libby Rd., Maple Heights, 
Ohio. 


Uhl, Ray (C), Metallurgist, Henry Disston 
& Sons, Inc., Philadelphia, Pa. 

Ullmer, Herman (B),’Manager, The Linde 
Air Products Co., 30 E. 42nd St., New 
York, N. Y. 

Ullmer, Val. G. (B), Sales Engineer, Haynes 
Stellite Co.; (Res.) 131 Sampson Ave., 
No. 5, Pittsburgh, Pa. 

Ulrich, Carl F. (B), Plant Supt., Rice & 
Adams Corp.; (Res.) 60 Thatcher Ave., 
Buffalo, N. Y. 

Underwood, B. O. (C), Chief Engineer, The 
Boardman Co., Oklahoma City, Okla. 


Underwood, C. M. (A), Manager, Welding 


Dept., Northern Pump Co., Minneapolis 
Minn. 
Unger, Arthur M. (A), Plant Engineer, 


Pullman-Standard Car Mfg. Co., 11001 8. 
Cottage Grove Ave., Chicago, Il. 

Unger, M. (C), Elect. 
Electric Co.: (Res.) 
Pittsfield, Mass. 

Untereiner, Floyd V. (C), Foreman, Ralston 
Steel Car Co.; (Res.) 3635 Washburn 
Ave., Columbus, Ohio. 


Engineer, General 
51 McKinley Terrace, 


Urawicz, Michael (C), Manager & Chief 
Welder, Taylor Welding & Supply Co.; 
? 


Res.) 56 Saratoga Ave., South Glens 

Falls, N. Y. 

Urbahns, Pierce W. (D), Electric Arc Welder, 
Smith & Davis Co.; (Res.) 4604 St. 
Ferdinand Ave., St. Louis, Mo. 


Urquhart, Glenn R. (B), Draftsman, Taylor- 


Winfield Corp.; (Res.) 
Ave., Detroit, Mich 

Urquhart, Thorton (C), 
Taylor-Winfield Corp.; (Res. 
Irvington Ave., Detroit, Mich. 

Ursem, Earl N. (C), Welding Foreman, 
California Shipbuilding Corp.; (Res.) 
2006 W. 93rd St., Los Angeles, Calif. 
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Vaile, Frank R. (D), Welder, Army Engi- 
neers, Box 2255, Anchorage, Alaska. 

Valente, Pat (D), Welder, Fuller Brush Co., 
3580 Main St., Hartford, Conn. 

Valentine, Kenneth (C), Asst. Leadman, 
Welding Dept., Bell Aircraft Corp.; 
(Res.) 103 Earl Place, Buffalo, N. Y. 

Valentine, Michael (D), Arc Welder, Ameri- 
can L ocomotive Co.; (Res.) 61 Brookview 
Ave., Troy, 

Valukas, Wallas Albert (C) 
Acetylene Welder, American Brass Co.; 
(Res.) 240 Davis St., Oakville, Conn. 

Van poem, Ralph E. (C), Ballston Spa, 

Van povwleca G. T. (C), Advertising Manager, 
Air Reduction Sales Co., 60 E. 42nd St., 
New York, N. Y. 

Van Berg, Wm. (C), Supt. Material Han- 
dling Equipment, Fisher Body Div., G. M. 
Corp., 1500 E. Ferry Ave., Detroit, Mich. 

Vanbiesem, Francisco (B), Manager, La 
Autogena, 8.R.L., Tacuari 1959, Buenos 
Aires, Argentina. 

Van Buren, Miles H. (B), Engineering 
Examiner, Municipal Civil Service Comm.; 
(Res.) 450 Clinton Ave., Brooklyn, N. Y. 

Van Den Beemt, J. H. (C), Welding Engi- 
neer, E. G. Budd Mfg. Co., 25th & Hunt- 
ing Park Ave., Philadelphia, Pa. 

Vanderbeek, Horace A. (C), Asst. Engineer, 
Americ - Bridge Co., 71 Broadway, New 
York, N. Y. 

Van William A. (D), Elect. 
Harbor Marine C ng” Co.; (Res.) 
472—A\|st St., Brooklyn, ‘ 

Vanderhan, Louis (D), or, L. 
a Co.; (Res.) 93 Watson Ave., 


Elect ric and 
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Vander-Henst, A. (C), 
Rapids Metalcraft Corp.; 
Avon, 8. W., Beverly, Detroit, Mich. 

Van Dreser, M. J. (C), Welding Engineer, 
McKay Co.; (Res.) 118 N. Rochburn, 
York, Pa. 

Van Dusen, James C. (D), Welder, Los 
Angeles Shipbuilding & Dry Dock Corp.; 
(Res.) 345 W. 84th Place, Los Angeles, 
Calif. 

Van Dyk, Wilmer G. (D), Elect. Welder, 
Bethlehem Steel Co.; (Res.) 20 Clara St., 
R. R. 3, Paterson, N. J. 

Van Epps, W. E. (C), General Foreman, 
Rochester Gas & Electric Corp.; (Res.) 
83 Macbeth St., Rochester, N. Y. 

Van Gallera, Wm. (D), 
Hemphill Schools; (Res.) 80-12 
St., Jamaica, L. I.; N. Y 

Van Gemert, Vernon (C), Sub-Foreman, 
Welding, Harnischfeger Corp.; Res.) 
5512 W. Burnham St., West Allis, Wis 

Van Hove, Henry L. (C), Chief Electrician, 
L. A. Young Spring & W ire C orp.; Res 


Plant Supt., Grand 
(Res.) 2455 


Welding Operator, 
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9 Maywood Ave., Pleasant Ridge, Mich 
Van Nest, Francis H. (C), Turbine Engi- 
neering, General Elec Res.) 


7 Alden Rd., Marblehead 


Van Ormer, L. (C), Asst 
Jones & Laughlin Steel Co., 


Vansant, Elmer B. (A), Shop Supt., 
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Co., Pa. 


Van Steenkist, Henry (C), Supervisor, 
Fisher Body Co.; (Res.) 18046 Strasburg, 
Detroit, Mich. 


Van Valkenburg, E. S. (B), President & 
Treasurer, H. P. Mfg. Co. Ww. 
Main St., Little Falls, N. Y. 

Vardavas, John (D), Elect. Welder, Bethle- 
hem Steel Co., Shipbuilding Div., 1101 


, Mass. 
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937 S. Denwood Ave., Dearborn, Mich. 
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Steel Castings Corp., Eddystone, Pa. 

Veith, Joseph (C), Welder, General Electric 
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N. 
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neer, M. H. Treadwell Co.; (Res.) 5415 
Netherland Ave., New York, N. Y. 
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Bros. Co.; (Res.) 1308 8S. Elmwood Ave., 
Berwyn, Ill. 
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llth St., Honolulu, T. H. 
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Canadian Car & Foundry Co., Ltd., P. O. 

Box 160, Montreal, Canada 
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Warren, Ohio. 
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General Electric Co., 4966 Woodland Ave., 
Cleveland, Ohio. 

Vigairi, Frank (1D), Welder, 
building & Drydock Co.; 
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Viox, Gene M. (ID), Arc Welder, Ferro Con- 
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Metal & Thermit Corp., 7300 8. Chicago 
Ave., Chicago, Il. 
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tady, N. 

Vogel, Carl S. (B), Welding Engineer, Edg- 
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Vogt, Rudy B. (B), ¢ thi ef Engineer & Vice- 
President, The E. W. Buschman Co., 418 
New St., Cincinnati, Ohio. 

Voldrich, C. B. (B), Welding 
Battelle Memoria! Inst., 
Columbus, Ohio. 

Volz, Fred O. (C 
Bridge & Steel Co.; les 
Drive, Wauwatosa, Wis. 

Vom Steeg, E., Jr. (B), 
General Electric Co., 
New York, N. Y. 
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Detroit, Mich. 

Vondera, Willard (B), Production Engineer, 
R. C. Mahon Co tes.) 291 E. Kirby, 
Detroit, Mich. 


Von Haase, Walter (©), Welding Foreman, 
The American Shipbuilding Co., Ft. of 
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Welding Specialist, General Electric Co 
840 S. Canal St., Chicago, I 
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Engineer, 
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Welding Specialist, 
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Vreeland, John J. (B), Metallurgical Engi- 
neer, Chase Brass & Copper Co., Water- 
bury, Conn. 

Vrooman, G. C. (C), Detroit Edison Co., 
2000 Second Ave., Detroit, Mich 

Vuchnich, Michael N. (©), Genera! Manager, 

Lincoln Electric Co. of Canada Ltd., 73 

Wicksteed Rd., Leaside 
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Wade, Clyde E. (ID), Welder, Reed Roller 
Bit Co.; (Res.) 6653 Avenue O, Houston, 
Tex. 

Wade, John D. (CC), Welder, Sub-Foreman, 
Western Pipe & Steel Co.; (Res.) 2238 
Alma, San Pedro, Calif 

Wade, P. D. (B), District Manager, The 
Linde Air Products Co., 912 Baltimore 
Ave., Kansas City, Mo. 

Wagar, Francis W. (C), Construction Welder, 
Austin Co.; (Res.) R. D. 3, W. Jackson 
‘t., Painesville, Ohio. 

Wagner, F. E. (C), Welder, Western Pipe & 
Steel Co.; (Res.) 448—l4th St., San 
Francisco, Calif. 

Wagner, Geo. R. (€), Asst. Elect. Engineer, 


Navy Dept. Bureau of Ships; (Res.) 1508 - 


N. Wakefield St., Arlington, Va. 

Wagner, Gerhard (CC), Engineer, 
233 Broadway, New York, N. Y. 

Wagner, Joseph F. (CC), Burdett 
Oxygen Co.; (Res.) 3217 W. 165th St., 
Cleveland, Ohio. 

Wagner, William S. (B), Plant Engineer, 
Philadelphia Coke Co., 4501 Richmond 
St., Philadelphia, Pa. 

Wagner, William S. (IF), Student, Ohio 
State University, % Rev. J. J. Wagner, 
Sugar Creek, Ohio. 

Wagstaff, John P. (C), Structural Engineer, 
Bureau of Yards & Docks; (Res.) 1915 
N. Danville, St., Arlington, Va. 

Wait, G. E. (D), Welder, Reed Roller Bit Co.; 
aaa 7819 Park Place Blvd., Houston, 

ex 

Wake, Bert T. (C), Mech. Engineering Dept., 
American Bridge Co.; (Res.) 718 W ash- 
ington St., Sewickley, Pa. 

Walbridge, Robt. P. (C), Industrial Radi- 
ologist, Lakeside Bridge & Steel Co.; 
(Res.) 5425 N. 39th St., Milwaukee, Wis. 

Walcott, William Daniel (C), Inspecting 
Engineer, Hydro Electric Power; (Res.) 
620 University Ave., Toronto, Canada. 

Wald, Alfred A. (D), Maintenance Welder, 
Caterpillar Tractor Co.; (Res.) 2910 
Prospect Rd., Peoria, Ill. 

Waldeck, Edward (D), 27 Richard St., 
Jersey City, N. J. 

Waldie, Robt. C. (B), Manager, Williams 
Co., 901 Penn Ave., N. Pittsburgh, 

‘a. 

Waldman, Robert O. (B), Western District 
Manager, Chicago Steel & Wire Co., 
1043 Bryant St., San Francisco, Calif. 

Waldo, Forrest (C), Technical Writer, Air 
Reduction Sales Co.; (Res.) 318 W. iSth 
3t., New York, N. Y. 

Waldvogel, Robt. K. (F), Student, Ohio 
State University; (Res.) 135 Lafayette 
Ave., Urbana, Ohio. 

Wales, C. Clarke (B), Vice-President & 
General Manager, Hamilton Bridge Co., 
231 Bay, N., Hamilton, Ontario, Canada. 

Walker, Geo. H. (B), Supervisor of Welding, 
American Locomotive Co., 100 Orchard 
St., Auburn, N. Y. 

Walker, Henry O. (B), Chief Engineer, 
Hammond Iron Works, Warren, Pa. 

Walker, I. R. (D), Welder, H. K. Ferguson 
Co., 1306 Metropolitan Ave., Dallas, Tex. 

Walker, John A. (D), Elect. Welder, General 
Electric ry (Res.) 832 Bridge St., 
Schenectady, N. Y. 

Walker, John H. (B), Welder Specialist, 
Harnischfeger Corp.; (Res.) P. O. Box 
1261, Beaumont, Tex. 

Walker, K. (C), Foreman, Welding Dept., 
Bucyrus Erie Co.; (Res.) 3721 8. Herman 

St., Milwaukee, Wis. 
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Walker, Kenneth L. (B), Supt. Boiler Shop, 
Foster Wheeler Corp., Carteret, N. J. 

Walker, Kenneth M. (CC), Arc Welder, Edw. 
G. Budd Mfg. Co.: (Res.) 24 Franklin 
Ave., Chestnut Hill, Philadelphia, Pa. 

Walker, Lawrence A. (C), Surveyor, Ameri- 
can Bureau of Shipping; (Res.) 655 Bard 
Ave., W. Brighton, 8S. 1., N. Y 

Walker, Ray L. (C), Asst. Structural Engi- 
neer, Panama Canal, Box 337, Balboa 
Heights, Canal Zone. 

Walker, Robt., Jr. (D), Electric Welder, 
Philadelphia Navy Yard; (Res.) C. 
Mackley Apts. 167, M & Bristol Sts., 
Philadelphia, Pa. 

Walker, S. F. (C), Welding Supt., Western 
Pipe & Steel Co.; (Res.) 3450 Gaviota 
Long Beach, Calif. 

Wall, A. S. (B), Engineer, Dominion Bridge 
Co., P. O. Box 280, Montreal, Que, 
Canada. 

Wallace, F. D. (A), Vice-President, J. D. 
Adams Mfg. Co., 217 S. Belmont Ave., 
Indianapolis, Ind. 

Wallace, Laurence A. (C), Research Engi- 
neer, Atlantic Steel Co., P. O. Box 1714, 
Atlanta, Ga. 

Wallace, Paul (F), Box 517, Marland, Okla. 

Wallace, Paul B. (C), Aircraft Welding 
Instructor, Frank Wiggins Trade School, 
727 W. 95th St., Inglewood, Calif. 

Wallace, Robert M. (RB), Asst. Works 
Manager, The Griscom-Russell Co., Mas- 
silon, Ohio. 

Wallace, W. L. (A), Vice-President, Mani- 
towaec Shipbuilding Co., Manitowoc, Wis. 

Wallace, Walter P. (B), Metallurgist, 
Columbia Steel Co., Russ Bldg., San 
Francisco, Calif. 

Walling, Jesse (C), Welder, C. F. Lytle; 
(Res.) Bovina, Tex. 

Walling, Lloyd C. (B), Welder, Western Pipe 
& Steel Co.; (Res.) 113 8. MeNees Ave., 
Whittier, Calif. 

Walsh, William J. (D), Elect. Are Welder, 
Robins Drv Dock & Rep. Co.: (Res.) 
539 E. 9th St., Brooklyn, N. Y. 

Walter, B. M. (D), Welding Operator, 
Hinman Bros. Construction Co.; (Res.) 
445 8. York St., Denver, Colo. 

Walter, C. S., Jr. (C), Shop Foreman, Bel- 
mont Iron Works, Royersford, Pa 

Walter, George F. (C), Supt. of Welding, 
Greer Shop Training, 2024 S. Wabash 
Ave., Chicago, 

Walters, Lester Q. (D), Welder, Radio 
Communication, 10th Signal Co., Ft. 
Clayton, Canal Zone. 

Walters, Ray (ID), Welder, Brown Machine 
& Welding Co., Grayville, Ill. 

Waltimyer, Marion H. (DPD), Are Welder, 
York Safe & Lock Co.: (Res.) 1519 N. 
George St., York, Pa. 

Wampler, Claude P. (C), Research Engineer, 
A. O. Smith Corp., 3383 N. 29th, Mil- 
waukee, Wis. 

Wanamaker, E. Geo. (C), Sales Engineer, 
City Pattern Works; (Res.) 16609 St. 
Marys, Detroit, Mich. 

Wang, Ray H. (C), Erecting Engineer, The 
Superheater Co., East Chicago, Ind. 

Wangen, O. Norman (B), Owner, O. N. 
Wangen Engineering Co., 1423 E. 40th 
St., Cleveland, Ohio. 

Warburton, Chas B. (ID), Electric Welder, 
Robins Dry Dock & Repair Co.; (Res.) 
2435 Ocean Ave., Brooklyn, N. Y. 

Ward, Firman (D), Aircraft Welder, U. 8. 
Naval Air Station, Lakehurst; (Res.) 
Farmingdale, N. J. 

Ward, Grady (C), Elect. Welder, Cons. Gas 
& Elect. Co.; (Res.) 1259 Circle Drive, 
Arbutus, Md. 

Ward, L. E. (C), Operator, Wm. A. Pope 
Co.; (Res.) 7152 Cornell Ave., Chicago, 
Ill. 


Ward, N. F. (B), 406 N. Sycamore, Peabody, 
Kan. 

Ward, Roy E. (B), District Manager, The 
Austin Co., 777 E. Washington Blvd., 

Los Angeles, Calif. 


Ward, R. N. (A), Acting Director, Paten: 


& 
New Devices Dept., Fisher Body [pj, 
9-217 General Motors Bldg., Det 
Mich. 

Ward, W. E. (B), Chief Draftsman, 
Machine Corp.; (Res.) 1132 Holly 
Oak Park, II. 

Warden, Robert W. (D), Elect. W 
Panama Canal, Box 624, Diablo, ( 
Zone. 

Warfel, John A. (C), Managing Din 
Welding School of Pittsburgh, 
(Res.) 532 S. Linden Ave., Pittsburgh, Pa. 

Waring, Leif (B), Welding Engineer, ‘ t 


Lakes Steel Corp., Ecorse, Mich 

Warmington, Thos. J. (B), Plant Ma 
Wm. Bros. Boiler & Mfg. Co.., 
Island, Minneapolis, Minn. 

Warneka, Lloyd D. (C), Welding Foreman, 
921 Taylor Ave., Scranton, Pa. 

Warner, H. L. (C), Welding Supervisor 
Bethlehem Shipbuilding Corp.; Res 
4124 Gilbert, Oakland, Calif. 

Warner, William L. (C), Welding Engi: 
Watertown Arsenal, Watertown, Mass 
Warnke, Eldon (C), Foreman, R. G. Le 
Tourneau, Inc.; (Res.) 407 Margaret st 

Peoria, Ill. 

Warren, Harold B. (B), Vice-President 
Thomson-Gibb Electric Welding 
3020 N. Water St., Bay City, Mich. 

Warren, William B. (B), Principal Surveyor, 
American Bureau of Shipping, Room 
1026, Matson Bldg., San Francisco, Calif 

Warriner, Reuel E. (B), Engineer, Inter- 
national Nickel Co.; (Res.) 6805 Bradley 
Bivd., Bethesda, Md. 

Wartian, Edw. S. (C), Supervisor «& In- 
structor, National Youth Adm. & Cleve- 
land Board of Education; (Res.) 17310 
Madison Ave., Lakewood, Ohio. 

Washburn, Clark W. (D), Welding Super- 
visor, De Soto Gun Plant; (Res.) 18877 
Maplewood, Farmington, Mich. 

Washburn, Oral E. (C), Welding Instructor, 
Washburn’s Garage; (Res.) Nekoosa, Wis. 

Washington, F. M. (C), Asst. Sales Manager, 
The Champion Rivet Co., E. 108th & 
Harvard, Cleveland, Ohio. 

Wasserman, D. R. (B), President, Eutectic 
oer ag Alloys Co., 40 Worth St., New 
York, 

Wasson, ratied W. (B), Manager, Engineering 
& Machinery Sales Div., The Von Hamm- 
Young Co. Ltd., P. O. Box 2630, Honolulu, 
T. 


Waters, Chas. F. (D), Welder, Cramp Ship- 
building Co.; (Res.) 1444 Lardner &t., 
Philadelphia, Pa. 

Waterson, Henry R. (PD), 7712—66th Rd., 
Middle Village, L.I., N. Y. 

Watkins, Franklin (C), Foreman, R. G. 
Le Tourneau Inc.; (Res.) 2709 Gale Ave., 
Peoria, Ill 

Watkins, Wm. (D), Welder, Northern Pump 
Co.; (Res.) 3328 Du Pont Ave., &., 
Minneapolis, Minn. 

Watson, C. G. (B), President, Youngstown 
Welding & Engineering Co., 3700 Oakland 
Ave., Youngstown, Ohio. 

Watson, Chas. H. (D), Welder, Otis Elevator: 
Co.; (Res.) 1 Sherwood Terrace, Yonkers 


Watson, Charles O. (B), Sales Engineer 
Taylor-Winfield Corp., 543 W. Washington 
Bivd., Chicago, Ill. 

Watson, Fred W. (B), Welder Engineer, 
Fisher Body Co.; (Res.) 17363 North- 
lawn, Detroit, Mich. 

Watson, G. G. (C), Elect. Engineer, Bureau 
of Power & Light, City of Los Angeles 
508 8S. Van Ness Ave., Los Angeles, Calif. 

Watson, G. V. (C), President, Flour City 
Welding Co., 2937 Third Ave., 3., Minne- 
apolis, Minn. 

Watson, O. E. (C), 3518 Washington, Kansas 
City, Mo. 

Watson, W. E. (C), Plant Manager, Taylor- 
Winfield Corp., 15120 Woodward Ave., 
Detroit, Mich. 

Watts, Kenneth G. (D), 219-05—109th Ave., 

Queens Village, N. Y. 


Wayne 
~ 
Weabe 
Unie 
ath | 
Weath 
We 


Rive 
P 
Weave 
Eley 
Har 
2 Webb 
0 
] 
ns] 
St 
Webb 
ing. 
Webt 
No 
Webt 
331 
bl 
Se We 
Sp 
Web 
or 
Ct 
Web 
te 
tiv 
R 
Wet 
a 
Wet 
P 
a 
We 
I 
We 
( 
( 
We 
} 
We 
I 
We 
W 
W 
+ 


J. E. (©), 


Welding Engineering 


Waugh, 
Dept (Res.) 818 


Dept., General Electric Co.; 
Riverside Ave., Scotia, N. Y. 

Wayne, Lawrence J. (B), Hull Inspector, 
1’ S. Maritime Commission, Southeastern 
Shipbuilding Corp., Savannah, Ga. 

Weaber, J. A., Jr. (C), General Manager, 
| n | Boiler & Mfg. Co.; (Res.) 301 N. 
ith Lebanon, Pa. 

Weat W. (C Instructor in 
Welding, School District No. 1, Portland, 
Ore.: (Res.) 7007 N. Olin Ave., Portland, 
(re 

Weaver, J. M. (D), Welder, Ottis Fenson 
Elevator Co.; (Res.) 48 Locke St., 8 
Hamilton, Ont., Canada. 

Webb, Eugene (C), Chief Inspector, St. 
Louis Branch, Hartford Steam Boiler 
Insp. and Ins. Co., 617 Security Bldg., 
St. Louis, Mo. 

Webb, Harry V. (C), Chief Welding In- 
structor, Tennessee Valley Inst. of Weld- 
ing, 709 Chestnut St., Chattanooga, Tenn. 

Webb, James K. (D), Welder, Tennessee 
Coal Iron & R. R. Co.; (Res.) 3153 
Norwood Blvd., Birmingham, Ala. 

Webber, E. A. (C), Lincoln Electric Co., 
330 W. 42nd St., New York, N. Y. 

Webber, Wm. C. (C), Chief Quarterman 
Boilermaker, U. 8. Naval Gun Factory, 
Shop 6, Navy Yard, Washington, D. C. 

Weber, Arthur E. (C), Welder, 
Erie Co.; (Res.) 3622 E. 
Cudahy, Wis. 

Weber, Chas. P. (C), District Representa- 
tive, Hobart Welder Sales & Service; 
Res.) 5935 Baum Blvd., Pittsburgh, Pa. 

Weber, Oscar E. (B), Manager, Contract 
Service Dept., S. Morgan Smith Co., 
Lincoln & Hartley Sts., York, Pa. 

Weber, Wm. (D), Welder, Art Welding Co.; 
(Res.) 1450 Chestnut Ave., Hillside, N. J. 

Wedmore, Daniel B. (D), Turn Foreman, 


Bucyrus 
Edgerton Ave., 


Scaife Co., Allegheny County, Oakmont, 
Pa.; (Res.) 451 North Ave., Allegheny 


County, Verona, Pa. 

Weed, Henry D., Jr. (B), P. R. Mallory & 
Co., 3029 E. Washington St., Indianapolis, 
Ind. 

Weeks, Chas. S. (C), Welding Instructor, 
California State Board of Education; 
(Res.) 6415 Haas Ave., Los Angeles, Calif. 

Weeks, M. (C), Shop Foreman, Wyatt 
Metal & Boiler Works, Box 3052, Houston, 
Tex. 

Wehmeyer, Clarence W. (C), Mech. Engi- 
neer, Combustion Engineering Co.; (Res.) 
12 Herbert Ave., White Plains, N. Y. 

Wehr, William G. (B), General ..~ 

Engineering Co., 


Cleveland Crane & 
Wickliffe, Ohio. 

Wehrheim, Henry (C), Owner, Wehrheim 
Machinery Co., 77 Ogden St., Newark, 

Wehrly, Russell (D), Welder, Burger Iron 
Co., R. 8, Dayton, Ohio. 

Weicht, Bruno S. (B), Welding Supervisor, 
Expert Welder Co.; (Res.) 3500—28th 
t., Detroit, Mich. 


Weigel, A. C. (B), Vice-President, Com- 


bustion Engineering Co. Inc., 200 Madison 
Ave., New York, N. Y. 


Weiger, Joseph A. (B), Vice-President, P. R. 
Mallory & Co., Inc., 3029 E. Washington 
‘t., Indianapolis, Ind. 


Weil, Edward H. (C), District Manager, The 
Lincoln Electric Co., 660 N. Thompson 8t., 
Portland, Ore. 


Weiler, Herbert G. (B), Owner, 
Welding Co., 318 E. Second St., 
Ohio. 

Weinman, Earl (C), Welding Instructor, 
Bombard & Weinman, _— Florida Ave., 
N. E., Washington, D.C 


Weisbecker, T. R. (C), atoieds, Trane Co.; 
(Res.) 1210 East Ave., 8., La Crosse, Wis. 

Weishaar, Omer (C), Welder Foreman, 
Weld. Shop, Consolidated Steel Corp.; 
(Res.) 3907 W. 109th St., Inglewood, Calif. 

Weishert, Henry (C), Welding Instructor, 
Trades Training, Winthrop, Minn. 


Weiler 
Dayton, 


Weishoff, Samuel (B), Professional Engi- 
neer, Drier Structural Steel Co.; (Res.) 
23 W. 73rd St., New York, N. Y. 

Weiss, Jos. H. (C), Salesman, Trex Engi- 
neering & Supply Co., 611 McCarter 
Highway, Newark, N. J. 

Weiss, Nat J. (B), Sales Manager, Larkin 
Lectro Products C orp. (Res.) 404 W. 
115th St., New York, N. Y. 

Weiss, Orin Andrew Aa , Consulting Engi- 
neer, Mechanical Design and Plant Layout 
(In Business for Self), % A. J. Weiss, 
3708 Stevens Ave. +. apolis, Minn. 

Weissenburger, C. O. | President, Mari- 
etta Mfg. Co., Point Pie asant, W. Va. 

Weissinger, Walter F. (C), Asst. Supt., 
Pullman Standard Mfg. Co.; (Res.) 10 
Jeppon Ave., Worcester, Mass. 

Weist, Milton M. (C), Manager, Air Reduc- 
tion Sales Co., 1111 Nicollet Ave., Minne- 
apolis, Minn. 

Welch, Jerome B. (B), Welding Engineer, 
Cutler-Hammer, Inec.; (Res.) 1925 N. 
49th St., Milwaukee, Wis. 

Welch, J. L. (C), Welding Inspector, H. R. 
Ferguson Co.; (Res.) 812 E. Main St., 
Prescott, Ark. 

Welch, Laurence G. (C), Combination 
Welder, Bethlehem Shipbuilding Corp., 
Rt. 1, Box 339A, Redwood City, Calif. 

Welch, Lloyd (B), Inspector, Southwestern 
Labs.; (Res.) 1105'/, Main St., Dallas, 
Tex. 

Welcomb, C. D. (C), Supervisor, Air Reduc- 
tion Sales Co., 7991 Hartwick St., Detroit, 
Mich. 

Weldon, J. J. (C), Welding Supervisor, 
General Electric Co.; (Res.) 112 Cromwell 
Ave., Pittsfield, Mass. 

Weller, R. C. (C), Sales Engineer, Buffalo 
Welding Sup a Co., 37 E. Ferry St., 
Buffalo, 

Welling, Harry H. (C), Welder, Geo. Welling 
& Son; (Res.) 2105 Reading Rd., Cin- 
cinnati, Ohio. 

Wells, Cecil G. (B), Engineer & Secretary- 
Treasurer, National Tank Co., Box 1588, 
Tulsa, Okla. 

Wells, Pargus, (D), Steel Worker & Welder 
Cutter, Jeffersonville Boat Machine Co.; 
(Res.) 607 Sherwood Ave., Jeffersonville, 
Ind. 

Wells, Robt. K. (C), Lt. Comdr. (C.C.), 
U. 8S. Navy, Bureau of Inspection & 
Survey, Navy Dept., Washington, D. C. 

Welter, Gustave (B), Vice-President & Chief 
Engineer, The Bigelow Co., P. O. Box 706, 
New Haven, Conn. 

Wenzel, Wm. J. (B), Welding Engineer, 
Thermador Elect. Mfg. Co., 5119 8. 
Riverside Drive, Los Angeles, Calif. 

Werner, George (B), Engineer, Ocean Acci- 
dent & Guarantee Corp. Ltd.; (Res.) 711 
N. Clinton, Dallas, Tex. 

Wessman, Arnold (C), Radiologist, Chicago 
Bridge & Iron Co., Box 277, Birmingham, 
Ala. 

West, C. L. (B), Plant Engineer, 
Motor Car Co., Detroit, Mich. 
West, John D. (C), 
Shipbuil ling Co. 

is. 

West, Robert D. (C), Supt. of Naval Hull 
Construction, Manitowoc Shipbuilding 
Co., Manitowoc, Wis. 

West, W. W. (B), Partner, Home Welding 
Co., 114 S. Washington St., Springfield, 
Ohio. 

Westbrook, Russell T. (B), Consulting 
Engineer, 93 State St., Albany, N. Y. 

Westendarp, Henry O., Jr. (C), 
Engineer, General Electric Co., 
tady, N. Y 

Westin, C. L. (B), Manager of Southwestern 
District, Manufacturing & Repair Div., 
Westinghouse Electric & Mfg. Co., 717 
8. 12th St., St. Louis, Mo. 

Westmark, Donald H. (D), Welder, Northern 
Pump Co., Route 2, Hopkins, Minn. 

Weston, Charles R. (C), Proprietor, Weston 
Welding Works, 76 Oldis St., Rochelle 
Park, N. J. 


Hudson 


Engineer, Manitowoc 
(Res.) R. 2, Manitowoc, 


Welding 
Schenec- 
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Weston, Leslie D. (C), Surveyor 
Bureau of Shipping, 1303-4 
Bldg., Detroit, Mich 

Wetherby, B. R. (C), District Sales Repre- 
sentative, The Champion Rivet Co., 403 
Donovan Bldg., Detroit, Mich 

Whalen, Floyd (C), Engineer 
W infield Corp W arren, Ohi 

Whaley, B. L. (C), Whaley Bros 
st., Long Island City, N. ¥ 

Whaley, William (C wm nager, Magnolia 
Airco Gas Products C P. O. Box 996, 
Fort Worth, Tex 

Whartenby, Harry A. (C), Welding Engineer, 
Arcway Equipment Co., 3717 Filbert St., 
Philadelphia, Pa 

Wharton, John (€), Proprietor, National 
Welding & Grinding Co., 2929 Canton St., 
Dallas, Tex. 

Wheatley, John G. Supt. 
Dept., Royal Indemnity Co 
St., New York, N. ¥ 

Wheeler, Eugene W. (©), Surveyor, Ameri- 
ean Bureau of Ship ing: Res 1757— 
244th St., Douglaston, L. I., N. Y. 

Wheeler, K. V. (B), Vice-President, American 
Steel Casting Co., Ave. L & Edward St., 
Newark, N. J. 

Wheeler, Lloyd F. (D), Elect 
Foster Wheeler C (Res 
Ave. _F anwood, 

Wheeler, Neil E. (C), Welding Metallurgist, 
Yellow Truck & Coach Mfg. Co.;: (Res.) 
100 Miami Ave., Apt. A-1, Pontiac, Mich. 

Wheeler, Roscoe M. (C), 110 Hector 8t., 
Flint, Mich. 

Wheeler, William (3B), Vice-President & 
Treasurer, Pennsylvania Engineering 
Works, New Castle, Pa. 

Wheland, Charles W. (©), Vice-President, 
The Wheland Co., Chattanooga, Tenn 
Whetstone, H. R. (C), Welding Supervisor, 

902 Cedarhill Ave., Dallas, Tex. 

Whitcomb, Louis B. (C), Aviation Develop- 
ment Engineer, Carnegie Illinois Steel 
Corp., 609 Carnegie Bldg., Pittsburgh, Pa. 

White, Alfred B. (CC), Research Engineer, 
Westinghouse Electric & Mfg. Co.; (Res.) 
R. D. 1, Murraysville, Pa 

White, A. D. (B), Asst. Chief, Hughes Tool 
Co., 300 Hughes St., Houston, Tex 

White, Dan (C), 1348 Bonnieview Ave 
Lakewood, Ohio. 

White, George A. (B), General Supt., 
Sparks-Withington Co., Plant 1, Horn 
Div., Jackson, Mich. 

White, John C. (D), Acetylene & Electric 
Are Welder, Republic Steel Corp.; (Res.) 
420C resmont , N. E., Canton, Ohio. 

White, J. R. (B), President, Southern In- 
spection Service Ltd., Inspection Engi- 
neers, 3400 Houston Ave., Houston, Tex 

White, Lloyd Y. (C), District Manager, H. H. 
Robertson Co., 905 Washington Bldg., 
Washington, D. C. 

White, Louis (C), Night Quarterman, 
Bethlehem Steel Co.; (Res.) No. 71 Clev- 
erly Court, Quincy Nt ass. 

White, Marvin E. (C), President, Welding 
Gas Products Co., 821 E. 11th St., Chatta- 
nooga, Tenn. 

White, Roger B. (C), Vice-President, Lewis 


American 
Majestic 


laylor- 


, 49-09-—5th 


Engineering 
150 William 


Welder, 
218 Marian 


Welding & Engineering: (Res.) 2268 le 
Coventry Rd., Cleveland, Ohio. 
Whitehead, Edw. (3B), Manufacturer's Rep- 
resentative, Taylor-Winfield Corp., 805 ee 
Investment Bldg., Washington, D. C. 
Whitehurst, S. R. (C), President & Treasurer, 
Whaley Engineering Corp., Princess Anne y, 


Rd. & Virginian R. R., Norfolk, Va. 
Whitney, George W. (B), Chief Metallurgist, 
Emsco Derrick & Equipment Co., 25855 
Grand Ave., Huntington Park, Calif 
Whitesell, John C., Jr. (B), Methods, 
Edw. G. Budd Mfg. Co.; Res.) 310 
Maplewood Ave., Merian Park, Pa. 


Whitmer, Floyd C. (C), 2198 Bunts Rd., 


Lakewood, Cleveland, Ohio. 

Whitney, James T. (©), Major, Corps of E 
Engineers, 55th Empire State Bldg., 
New York, N. Y. ace 
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Whittemore, Carl R. (C), Research Metallur- Delta ~ nag iy Co., Industrial Canal, 


Williams, Edwin oO. 
Los Angeles Office, 
3821 Santa Fe Ave., 

Williams, F. H. 
Canadian National Railways; 

re., Mt. Royal, Que., 

Williams, Glyn O. 
Hobart Bros. Co.; 


District Manager, 
V ictor E quipment Co., 
Los Angeles, Calif. 


Whittemore, Herbert 


, Chief Engineer- 
ing anics See tion, ations al Bure au of 


M: ac hine & Wel de Oo. 
1184 McKinley Ave., 

Wichmann, Harold E. (B) : Welding Instructor, 
Hartung Aircraft Corp., 
Ave., Cleveland, Ohio. 


Design Engineer, 
(Res.) 22 W. Franklin, 


Williams, Howard L. (C), Sales Engineer, 

Dockson Corp.; (Res.) 956 W. Lewiston, 

Air Reduction Sales ( 

57, Oklahoma City, 

Welding Works, 

Long Island Cc ity, 


(Res.) Box 3, Millville, — 
, District Manager, 
e Air Products Co., 
, Minneapolis, Minn. 


Engineet, General Electric Co. Rin. 542, Williams, Joe (D), 8142 Glenbrook, Houston, 
ex. 


. 2, Schenectady, N. Y. 
Wiemann, Albert W. 
Armour Leather Co.; 
»., Sheboygan, Wis. 
Wierschem, Henry F. 
neer, Lakeside Bridge & Steel sf 
4116 N. 17th St., i 


, Plant Engineer, Williams, J. Howard (A), Mech. Engineers 
‘j Extinguisher Co., 260 W. 
St., Providence, R. I. 


), Structural Engi- *), Asst. Works Manager, 


Williams, Robert 
Gardner-Denver Co., Quincy, IIl. 
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Hermosa Beach— 
Grundish, James P. 
Jeffrey, Alex, Jr. 


Hillsborough— 
McLean, Basil A. 


Hollywood— 
Kamschulte, E. J. 


Huntington Park— 
Fenlason, Archie L, 
Gibbons, Chas. B, 
Hirsch, Walter F. 
Johnston, C. W. 
Karnes, N. J. 
Mueller, Fred J. 
Perrin, Max 
Tankersley, Eugene 
Turner, Merrill H. 
Whitney, George W. 

Inglewood 
Bolte, Frank B. 
Brumbaugh, A. K., 

r 
Snider, W. E. 
Thomas, J]. D. 
Wallace, Paul B. 
Weichaar, Omer 

La Canada 
Shook, Martin 


Lawndale— 
Coburn, William E. 


(NOVEMBER 1, 1942) 


Arranged Geographically 


Long Beach— 
Coulter, N. H. 
Edwards, Harry E. 
Faler, Earl E 
Ferguson, Nathan S. 
Graham, William A. 
Graves, Russell L. 
Hopper, Oscar B. 
Horn N. B 
Jefferson, Reginald 

Miller, Clay W. 

Moore, Garth A. 

Nissen, Paul 

Rand, Warren W. 

Rhoad, Julius 

Schmitz, John W. 

Schoefer, Chas. J. L. 

Tullis, H. I. 

Walker, S. F. 


Lomita— 


McBride., G. B 


Los Angeles— 


Allen, Clayton M. 
Angelillo, O. R. 
Baker, H. U. 
Bancroft, M. 
Bladholm, E. F. 
Brown, Albert W. 
Bruton, James J. 
Buehler, Walter P. 
Burstein, M 
Call, Leigh N 
Canfield, M. E. 
Carlson, Glenn A. 
Cheney, W. B. 
Cipperly, Elmer J. 
Clayton, Lewis R. 
Clotfelter, R. A. 
Coghlan, Sherman 
F 


Coleman, John R. 
Cottrell, W. P. 
Cummings, W. E. 
Daugherty, M. R. 
Davies, Geo. H 
Davis, Julien H. 

De Camp, Ray E. 
Dennhardt, Chester 

Pp 


Emery, Frank C. 
English, Walter W. 
Etter, Harold P. 
Evanko, B. Michael 
Fiske, John J. 
Foley, Walter J. 
Forman, Milton 
Frisholz, C. EF. 
Fromme, J. H. 
Gignoux, J. R. 
Gowing, James C. 
Gregory, Harry G. 
Greyerbiehl, Harold 
Ww 


Hanson, Roy E. 
Heinmiller, P. Mal- 
colm 
Horne, L. V. 
Hough, F. A, 
House, Charles W 
Hutton, Walter C. 
Jacob, F. B 
Johansen, E. B. 
Johnston, Archibald 
Julien, A. Reid 
Large, William R. 
Laulhere, B. M. 
Levyn, Stanley M. 
Lewis, Bennett 
Mariette, Earnest H. 
McDonald, E. L. 
McElfish, P. D. 


Zullo, Basil M. 


(C), 


Welding Forem in, 


Robins Dry Dock & Repair Co., 


E. 35th St., Brooklyn, N. 


Zuricker, Earle F. 


Grand View Ave., 


(D), Welder, Bethle} 
Steel Co. Shipbuilding Div.: 


McGhie, W. Roland 


McGinnis,C. E. 
Melgord, Victor 
Meredith, Russell 


Mertz, Earl Richard 


Mitchell, Sam 
Morrill, Guy 


Morrison, Orville K. 


Murcell, U 

Newton, Byron E. 

Nold, Paul E. 

O'Brian, Wm. 

Ostronik, 


Parsons, Garrett S. 


Patterson, W. K. 
Pegram, W. A. 
Pickarts, J. D. 
Polf, Eddie C. 


Priest, Chas. H., 
J 


Reese, C. K. 
Roach, Harold 


Roberts, C. W. 


Rork, Frank C. 
Sander, C. P. 
Schiebel, 


r 

Schlittler, H. F. 
Scidmore, W. H. 
Sherer, Chester H. 
Smith, Arthur N. 
Smith, Lincoln 
Smith, Turner C. 
Smith, W. Walter 
Sparks, H. H. 


Steckel, Frederick R. 


Stoner, Eliot F. 
Tadd, Roy W. 
Thomas, Walter J. 
Twiss, Wm. E. 
Ursem, Earl N. 


Van Dusen, James 


Ward, Roy E. 
Watson, G.G. 
Weeks, Chas. S. 
Wenzel, Wm. J. 


Williams, Edwin O. 


Wilson, Clyde, Jr 


Lynwood— 
Herod, Roy S. 


Martinez — 
Worden, J. C. 


Maywood— 
Erwin, Fred G. 

Mill Valley— 
Stockfleth, Bert 


Modesto— 


Bernard, George S., 


Jr. 
Monrovia— 
McMullen, L. A. 
Montebello— 
Fisher, Willis P. 
Monterey 
Smith, 


Napa— 
Andersen, Claude R 
Schroeder, Otto 


North Hollywood— 
Cannon, Walter B. 


Klein, A. A 

Quinn, Vincent A. 

Seccombe, Clinton 
Je. 


Rudolph 


Roy O., 


ollaston, Mass. 


North San Diego— 
Steele, Earl R. 


Oakland— 
Bergundthal, C. J. 
Blackmore, F. L 
Callahan, Hubert 

Cavallero, J. T. 
Christensen, Hans 
Coffee, Tex 
Cook, Ray 
Croft, Edward L. 
Daley, Harry 
Doggett, C. M. 
Gardiner, 

R 


Graham, Douglas 
Hamby, J. N. 
Josephian, Wm. 
Koll, Otto H. 
Liner, William 
Massaro, Leo E. 
McConnell, Wm. G. 
WwW 


Morris, George R. 
Olds, Edwin W. 
Oltman, Frederick 
Price, Donald D. 
Sahlberg, Manley W 
Smith, Art 
Warner, H. L. 
Wood, Claude 


Oxnard— 
Sorenson, W 
Talkington, Glenn 
E. 


Pacific Palisades— 
Fitch, Raymond L. 


Palo Alto— 
Wiley, Richard C. 
Palos Verdes Estates 
MacKusick, M. H. 
Rechtin, Eberhardt 


Pasadena— 
Clark, Donald S 
Fife, Collins C. 

Pittsburg — 

Leh, Alden W. 


Pomona— ‘ 
Brown, Robley Case 


Presidio of San Fran- 
cisco— 

Shurtliff, Orla C 
Redding — 

Pyles, Guy L 

Vetter, Gilbert L 
Redondo Beach 

Axenty, Stuart E 

Ferguson, Edmund 

Taber, Clifford W 
Redwood City— 

felch, Laurence 

Richmond 

Davidson, Perry 

Rhinehart, R. C 
Rio Vista—— 

Nelson, Julius 
Riverside— 

Brown, R. Ear! 

Clausen, Francis 


Rosemead 
Hurt, Samuel C 


(Res 1% 


Thomas 


anh Sacran 
29 Bun 
Fise 
a‘ 
Salina: 
Curt 
Brin 
Gro 
Kre 
Rati 
Schi 
San D 
Ash 
R 
Can 
Mal 
Js 
San F: 
Ash 
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OF MEMB 
Blow 
Bon 
Bro 
Cat 
Cas 
Cas 
Ch 
Co 
Cor 
Cox 
Da: 
Di 
i¢ 
Dr: 
Els 
Fel 
Fla 
Gr 
Ha 
‘ 
Ho 
Ht 
Ht 
Jo 
Jo 
Jo 
Kl 
La 
Le 
Le 
M 
M 
M 
M 
N 
N 
0 
> 
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Sacramento— San Leandro— Hussion, William Gallo, Francis A Morgan, Nathan W IDAHO 
Bunnell, John M. ae _—— A. —. Horace Horan, Thomas F Nation, Robt. B Caldwell 
| her, Wm. F Neilson, Te ohnson, J. H. r. Olcott, Floyd B “ . 
= P Lambrecht, Steve Murphy, Matthew Peratino, George S Bennett Arthur A 
oa" William F. a’ —_ LeBaron, R. P. Vreeland, John J. Perry, Charles F 
ove, Russell J. Liston, Earl C. Peto, Frank 
n Bruno— Odell, Aden G. ureg iltch, A -LINO 
Serink, Harrison S. ee R.B Ray, Carl J. Potvin, Alphonse ey Myron A 
Groves, Fletcher H Thesaiiien Wane Reynolds, Harold E. Ritter, Julius C Bartonsville 
Kremer, Bugene C orndike, Frank- Masbert A West Hartford Erby, Charles 
Ratekin, Herbert L. lin R. — Ww D. a Willis. lames 
Schwartz, Theo F. San Pedro— ve Rosenbach, Jake codman, Louis Schoen. Henry Belleville 
San Diego— Bogren, William L. Rosenbach, Joseph West Haven Schwartz, James E Grainger, B. ] 
Ashman, Theodore wan B. M Imperati, J. Stover, Randall S 
—_~ ° ays, Manford M. Valter, B. M. Strandell, John D Berwyn 
Compal, Harry A. onan. William Ziegler, Alex wae W_E Swope, Robert B McDonough, Louis 
Mallory Walter S., ey, Harry J. EBasiewood— E Tavior, Woodrow ! Vesly, Rudolph R 
Ir Mitchell, William B. kiey, W D »proat, Ira Tebben, John D Willott, Jack W 
San F ancisco— an Trainer, Stuart W. Wright, D.C 
n Fr ade, John D. e _ Trexe arl 
Ashley, C. C. 1. H. Stew DELAWARE H Blue Island 
Belles, Albert O. Santa Clara— opeland, . Stew- Wee i. Anderson, Harry 
ermen, Henr Palmer, William N. art Elmhurst ; ee . De Santo, Joseph 
Bermen, Vast rh. C if 
Bertola, Peter Henry Golt, W. Edward, urge”, 
Bloodgood Cc. M. Santa Paula— Jr. We bber, Wm. C€ Bradley 
Bonner, Harold W. Atmore, Guy D. CONNECTICUT Holly Oak— Genotte, Francis J 
Brown, ©. ak Santa Rosa— Ansonia— Golinick, A. J White, Lloyd Y Brookfield 
femal i Alvin R Haines, Mark Erler, J Parsons, William R Whitehead, Edw Adams David 
ampbell, Alv 


Cassimus, Mark A. 


Temple, Wesley D. 


Mitchell, James R. 


Middletown 


Whittemore, Herb 


Druetzler, Chas 


Cast, Don T. Seal Beach— Tomlinson, P. H Stapleton, Joseph A mt. "Tames W Calumet 

Chaney, Harold P. Davis, W. L. Branford— Wood. Robert F Harle, Thomas D 
Chapman, R. B. Gaske Senest C Newport ood, Robert F. 

Christy, Robert E. South Gate— ——— Lightbody, Dr. Al Canton 


Cohn, Sam, Jr. 


Cole, Everett H. Bock, Linden P. Wilmington FLORIDA Reed, Hugh I 
Commins, E. A. Sone Gaai Flanigan, J. Gordon Armstrong, Charles Fernandena Champaign— 
Constanz, H. 5. DeLon ~ Hay, John J., Jr. H Stephens, C. C Martinson Edwin 
Cook, Frederick S. eLong, Charles E. Kelso, George W. Beall. Frank E —— 
Costerouse, Al- Horn, Henry Leach, Robert H. ee at 7 ' Jacksonville—_ 

phonse Mant, Frank H. Morris, Alan M y, Joseph Andersen Kart H Chanute 
Cunningham, J. D. South Pasadena— Parks, Chas. Clarke Neil A 3ruest e, Chas. (¢ ’ Wolk. Leon 
Daniels Ernest Wendell Richard H. s, Clowes, Richard 

S. Bristol— Green, Lloyd F 
ietrich, N M. ristol Moore, Clarence H Andersen, G. M 
Grant, E.G. Jones, Frank A, Redman, R. P. Andrews Reginald 
Francisco- Cos Cob— Maxwell, Harold I Gpaniding, Raigh Ardach. Joha C 
Flash’ Cad Oxley, Harry Lakeland— Auler, Edgar P 
Ford, Doran i. Ferrari, E. . Derby— Pajerowski Theo- Roberts, Manuel P Bailey, Otterbein 


Griasnoff, Serge H. 
Grundell, Leonard 


Hammon, George L. las Brown, Jesse J. a Lae , Orlando Bassler, Clyde 
Henderson, L. Turi, Ricky McCarthy, Erwin H. Graveley, Robert I Bast 
Heng, L. Beesk Bamberger, Sidney Cowell, Percy B. Ww. Panama City ° Boeck, Alfred W., Jr 
Huhe, M. F. Geo F. Cook, R. L. Boedecker, Wood 
Hultin, Harry Bradbury, Geo. L. Rabbitt, James A. Ammerman, Charies Pratt, Harold R row , 
Johnston, W. H. Hines, Wilson P Boley, Frederick W 
Jones, W. T. Pellegrin, Lee S. Hamden— Zimmy, Chas. J Words a a Bornschein, John 
Joyce, William H. Temple City Ruepping, Fritz i ene Franklin 
King, K. V. a ux St. Augustine— Bowen, Dexter P 
Klistoff, Alexander Joseph ay DISTRICT OF Gardner, Thomas H Bradley, Robin B 


Koven, Alex 


Torrance— 23 . Tampa— Browning, William 
Labagh, Richard E. Epperheimer, How- we —~e R. Adair, J.G Bolton, Chas., Jr 
La Force, Jean Akerley. Ernest L Brendle, Russell W Bulaw, Adolph 
Layfield, Elwood Powell, Marselis Bates, James L Brill, Philip B Burnam, C. M., Jr 
Leonhauser, A. O. Trona— Reese, Dale I Beck, Tage Brown, J. A. Cahoon, Roger C 
Longo, A. Frank Edleman, L. A. Valente, Pat Rissell, A. G Copeland, Wm. H Campbell, G. E 
Lowry, Gordon Tustin Meriden— Blake, James C e a ala Candy. A. M 
Maltseff, Michael N. _ Ti ay Bluhm, Leslie E ynch Carlson, C. E 
Mannion, eon. Comer, Volney M. Tierney, Raymond Bond Howard C Painter, Jack Carlson, Enoch K 
F. Vallejo— Rant Britt, Oscar L. Peters, Ray I Carlson, Irving 
Manuel, G. Don yn George Middletown Brugge, Bernard | Powers, Melville W Carlson, Otto M 
Mason, James H. WwW x Crowell, Tracy Bryan, Harry Winter, C. Melville Casserly, William J 
Mathy, Ernest L. Labate, Vincent Milford— WwW JF Cavanagh, J 
McCoy, Robert Payne, Fred > urrows, E. Charvat, Jos 
Teal Eaton, George A. Carlson. Charles GEORGIA 
Minolovich, G. Al- ruonala, J. Evald Atlanta 
bert Tydell, Ernest New Britain— 014 Leslie Bathman, G. E Comar, Jerome M 
Nelson, Ernest Veni Appon, Michael I. Chappelear, J. A. Bird. George T Cox, Charles N. 
Norris, Walter T. enice— — Koch, L. C. Conte, Charles A renee. Ew Craske, Alfred G 
Owens, Clarence R. Hard, Gary Darby, James | Frase. DH Cuny, H. J 
Page, F. A. — James F Guillet. Edward Cuonzo, Geo. E 
Phelps, Arthur H. . Churchward, Jac Je Shazer, Grant A Daniels, Chas. 
Phillips, Horace P. A. Farnham, M. A. Dietz, William F D R Dembski, Edward 
Phillips, Martin ). n J. Gill, Alvin A. Dock Lieut 8 M arst Joseph DeWitt Edward 
Reichert, William L. Holthberg, Edwin P Albert F James 
Rendall, Chester L. Visalia— Hook, Ira T. Durand, Wm. F O'Rourke, }. J lillon, Walter 
Roe, L. M. Hunsaker, Ben D. King, A. B Eberhardt Jacoh linse, Walter 
Rooney, T. R. Mehl, Eugene L Jr isegna, Americo 


Rosenaur, Louis 
Sanner, Walter E. 
Sargent, Harold F. 


Bisbee, David P. 


Gray, Charles 
Schmidt, Stanley 
Sumarokoff, Nicho- 


Vultee Field— 
Fontaine, A. P. 


West Los Angeles— 


Bridgeport— 


y 
Gesner, Hobart E. 


Devon— 


Ferguson, William 


Miller, John S 
Pennington, Howard 


A. 
Welter, Gustave 


bert 


dore F 
Morris, Howard L 
Noble, Charles R 


COLUMBIA 


Eiwen, Chas. 
Ellinger, Geo. A 
Fawcett, Lewis H 


Miami— 


Pickett, Bill 


Trammell, R. H 


Wallace Laurence 


Campbell, J. J 


A 
Banash, J. I 
Barry, Alfred J 


Brock, Nick 


lixon, William G 
jowning, H. M 
rab, Prank M 


Schmidt, J. J. 4 Frankland, |. M Bainbridge reier, Richard C 
Schoaing Win. D. Duff, Gordon Oakville— Hetherington, C. R Lebel. Fverett M jutlinger, Walter J 

Smith, Charles Ss. Whittier— Valukas, Wallas Al- Hiemke, Hugo W Dublin ich Iman, William 
Smith, Richard F. Dean, Ernest P. _ Ingram, Harry I Sawts, Of ichstaedt, Walter 
Sommer, George P. Eckles, Paul N. Jr ; ——— min, Gus H 
Spear, Robt. D Hill, Herbert W. Saybrook— Jameson, William S Macon- nders, Welcome D 
Stettner, L.. W. Spence, John R. Fielding, Edmund G Knable, G. Elkins Balkcom. E. E verhard, Edgar | 
Stevens, James S. Walling, Lloyd C. Knox, George E erraro, Joseph 
Strecker, Rudy Prine: South Norwalk— Lang, Elmer Marietta itzgerald, F. R 
Strom, D. Willard Wilmington— Bittner, Henry Laverty, C. Russell Glover, James Bolan vod, B. J 


Taylor, John F. Dorman, William J. Loomis, C. A Ramsey, Hugh 7 oote, E. I 
Wegner E Gordillo, Marquez F. Stratford Lubbers, A. W oster, Ray 
Waldman, Robert O. Smith, Andrew M. Nass, Fred A. Luther, George G Newman ranzen, James I 
Wallace, Walter P. Thompsonville— Mace, A. W vannett, H. 
Warren, William B. COLORADO Perry, Bernhard H Se vannah 
we Mc Lore es } sR rood win arris 
F Denver— Waterbury— McKenzie, Wilham riffith, Mansfield 
yee, Bennett, Clifford W. Babin, John ‘rot, Arnold 
San Jose— Bishop, Eldred T. Candee, Elisworth Me Millan, Robert P “ - yne. I wr “nce | Hagman, A. M 
Baker, Elmo A Clayton, William Meissner, ( Happe Raymond 
Bihn, Leo ; Gallegly, Ray Crampton, Donald Miller, B. M Toccoa Harmon, R. B 
Sorensen, Martin Garrett, Gairald H. K Montaigne, Howard Dillon, John F., Jr Hasse, Frank 
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te 


Hawley, R.G 
Heath, H. P 
Hendren, Robert 
Henke, I | 

Hess Edwin A 
Hinch, Ralph | 
Hippe, M. W 
Hoier, Wm. V 
Holland, Thomas A 
Holt, R 


Horton George 
Terry 

Howson, Louis Rich 
ard 


Itkonen, John 
Iverson, Rex C 
Jackman, Charles H 
Janda, Frank 
Jankoski, Clarence 
lefferson, T. B 
Jensen, Arnold ¢ 
Johnson, C. W 
Johnson, John A 
Johnson, Roy F 
Jordan, T A 
Josenhans, John F 
Kellogg, Harold V 
Keys, Charles V 
Kohlbry, Robert L. 
Kovalovsky, Kle 
ment 
Krumholz, Alfred F 
Lazar, Jack 
Lebedeff, M. N 
Le Blanc, Ray 
Lee, William F 
Lindberg, S. R 
Linde, Geo. F 
Lindquist, Art 
Little, S. J. 
Litz, Frank 
Loeffler, G. B. 
Long, R. E. 
Longwell, R. C. 
Magan, Thomas I. 
Magee, G 
Maher, F rank 
Mansfield, Raymond 


Markel, Orville 
Marsh, Chas. T. 
Martin, Charles E. 
Matis, Henry A. 
Matzke, Walter W. 
Mayer, Frederick C 
McCandlish, D. F 
McDonald, Lewis 
McFarland, R. E. 
McGovern, T. J. 
McGregor, Carl J. 
McLaughlin, Carl B. 
Meisenbach, E. J. 
Melby, Fred C. 
Menzies, 
Meyer, William C. 
Meyers, Louis J. 
Middleton, R. J. 
Miller, Jack }. 
Miller, Sidney J. 
Mills, E lisworth L. 
Monroe, L. C. 
Monroe. R. P. 
Morgan Clifford 
Morgan, T. W. 
Morris, Edward D. 
Moynahan, George 
B 


M ueller, George C. 
Mueller, Raymond 


Muller, 

Murr, T. 

Leonard 

Neill, N. R. 

Nevius, John 

Newcom, Harlen W 

Nielsen, Cc. A 

Orr, Clifford M. 

Patterson, Herbert 


Pearson, W. C. 
Penn, Henry 
Perry, Peter M. 
Peterson, M. E. 
Pfeiffer, C. L. 
Pickhaver, L. G. 
Pillsbury, Charles S 
Placke, Wesley O 
Plaskon, John 
Posey, Charles 
Richter, Frank 
Robbins, Mayson C 
Robinson, R. W. 
Ruzich, Joseph S 
Sage, V. L. 
Sagrillo, Primo 
Saunier, M. E. 
Schattel, K. FP. 
Elmore 


Sciaky, Mario 
Sciaky, Maurice 
Seratch, Harry 
Seabloom, Eric R. 
Setterblade, Ken 
neth 
Sevick, Edmond J. 
Sir, Walter W. 
Sirabian, E. A. 


Horlock, Henry G 


Brown, William F 


Jones, William B 


Schumacher, George 
F. 


Fetters, Elmer D. 


y 
Lawson, Wm. M. 


Harvey 
Burgess, Leslie U 
McPhee, Leslie S 
Roach, Ear! 


Joliet 


Kastman, Lawrence 
L 


Perona, Louis A. 
Smith, Norman E 


Kankakee 
Mann, Arthur S 


Kewanee 
Powers, R. F 
La Grange 
Blomberg, M 
Heseltine, A 
Hruska, John H 
Kuehn, Ernest 
Madison 
Dooley, T. A 
Manchester 
Green, Weldon W 
Melrose Park— 
Stuckey, W. A 


Metamora 
Bockler, Charles 


Moline 
Burgston, C. H 
Reeves, Charles L 


Mt. Vernon— 
Brocklebank, P. T 


Collison, Thomas A 


Moweaqua— 
Hilvety, Owen 


North Chicago 
Franklin, R. J 
Gwyn, C. B., Jr 
Sherwin, R. F. 


Oak Lawn— 
Goldsby, Fred L 


Oak Park— 
Hoglund, Bruno 
Johansen, E. K 
Reilly, Wm. L. 


Russell, Theodore 
Ww 


Sheldon, Henry C 
Ward, W. E 


Oglesby 
Pioli, Robert 


Pekin 


Matheney, Sherman 


Peoria 
Apacki, Charles 
Baldwin, Harold 
Bandy, William 
Bartel, Leonard R 


Brooking, Walter J. 


Brown, L. G. 
Hanley, John L 


Hardbarger, Lyle H 


Haueisen, Henry 
Hayes, Luther 
Hyler, Loiell L. 
Isgren, Elmer 
Isgren, Vernon R 
Le Tourneau, R. G 
Lohnes, Stearn 
Moyer, Herman 
O'Day, L 
Papier, Albert M 
Reist, J. F 


Roberts, George R. 


Rogina, Roland 
Rutledge, Robert 
Schmidt, E. C. 


Secre tan, Arthurt M. 


Shotton, Robert C 
Sommer, Phillip 
Wald, Alfred A 
Warnke, Eldon 
Watkins, Franklin 
Wiese, H. D. 
Wimmer, Clifford 


Quincy— 


Williams, Robert 


Riverside 


Kicherer, Harry J. 


Rockford 


Rhode, Maynard 


Seneca — 


Hogan, Leroy J. 
Leach, Donald A. 


Sherrard— 


Jinks, L. Raymond 


Springfield 


Douglas, E. P 


Streator 


Johason, Russell A 
Stewart, Clarence H. 


GEOGRAPHICAL LIST OF MEMBERS 


Wilson, Wilbur M 


Hexamer, George B 


Wirt, Raymond 4 


Brown, Lionel W. 


Holder, Charles D 


Peterson, Arthur C. 


Masten, George E., 


Kligora, Harry J. 


Shank, Charles M 


Baker, John David 


Fleischer, xeorge C. 
F 


Fugate, Ralph G 


Hall, Paul B 
Imes, R. H. 
Kick, Karl H 
Lewis, E. M. 
Maxwell, W. H. 
Sauer, Carl M. 
Scheuring, C. E. 
Smith, Everett O. 
Stutz, F. Ww. 
Wallace, F. D. 
Weed, Henry D., Jr 
Weiger, Joseph A 


Jeffersonville— 
Wells, Pargus 
Woodruff, Kenneth 


Michigan City— 
Anderson, Ivar L. 
Kenrick, Ralph S 
Logmann, A. A 

Mishawaka 
Davis, E. T. 

Muncie— 

Crapo, Fred M. 
Reynolds, Nolen N. 


New Albany— 
Carroll, Frank E 
Stucky, Marion W. 


New Castle — 
Shields, Harold 


Noblesville— 
Buckler, Claude F. 


Pendleton— 
Mercer, J. David 


Plainfield — 
Myers, Robert D. 


Richmond — 
Harris, Melville T 
Leffler, Isaiah R. 


Sheridan— 
Duchemin, Gus 


South Bend 
La Bar, G. L 


Spiceland— 
Mercer, Clyde W. 


Wabash— 
Alber, Herman A. 


IOWA 


Bettendorf— 
Gallagher, C. S. 


Cedar Rapids— 
Riley, Joe W. 


Clinton— 
Wilson, Geo. F 


Davenport- 
Carle, 
Cooper, Gerald A. 
Davis, Will 
Kelsey, Howard C 
McDowell, J. K. 
Smith, Kenneth C 


Des Moines 
Boian, Wilbur O. 
Earnest, L. E. 
Stewart, Hugh L. P. 


Mason City 
Barclay, Paul V. 


New Hampton 
Sudhop, Louis 


Newton 
Perry, Thomas 
Riceville— 
Radke, Frank 
Walker— 


Hudson, Sherman 


KANSAS 


Augusta 
Bates, Harvey C 
Fillmore, R. E. 


Coffeeville 
Cooke, Lt. (j.«) 
Archie M 


Galena 
Brown, Durward 


Garnett 
McCoy, W. N 
Richards, F. D 


Great Bend— 


Kramer, Wayn 


Hutchinson 


Helvey, O. C. 


Kansas City— 


Carrender, Wa 
Hall, James A 
Hutchings, Cha 
Jones, Howard 
Meyers, A. M 
Mika, H. L 
Paterson, C. S 
Streeter, J. Rex 
Williamson, Geo 


Lawrence 


Metzler, D. 


Leavenworth 


De Lude, Delmer | 


Manhattan— 


Carlson, W. W 


McPherson— 


Rounds, J. W 


Overland Park 


Cramer, L. L 


Peabody 


Ward, N. F 


Pittsburgh 


Gowdy, V. M 


Potwin— 


Kirk, L. E. 


Salina— 


St. John, L. R 


Sun City— 


Froman, Hugh C 


Topeka— 


Calder, Bruce 
Patterson, Harold A 
Singleton, Jack 


Wichita— 


Anderson, Tom 
Bussard, E. A 
Christopher, H. F 
Crole, Lawrence 
Easton, W. J 
Headrick, B. C 
Kinder, G. P 
Lee, Charles E 
Looney, James P 
Lundgren, Cliffor 
I 


MeMillan, J. H. 
Newkirk, R. M 
Osborne, Geo. A 
Perdew, W. E 
Phillips, }. T. 
Spencer, Glenn 
Townsend, Ray 
mond L. 


Winfield— 


Sheets, Claude | 


KENTUCKY 


Ashland— 


Broughton, Wm. H 


Cartmell, H. W. 
Crace, Gus 


Cunningham, J. B 
Henry, Dallas | 
Rolfe, S. E. 

Ross, Garrett R 


Cold Spring— 


Graziani, John 


ovington 
Rowell, W. Henry 


Florence— 
Gruell, Herbert 


Fort Knox-~ - 
Sheehan, Phillip 


Lexington— 
Bozarth, G. T. 
Stephenson, R. C 


Louisville— 
Allen, Frank 
Fritsch, R. E 
Hebden, John W 
Hicks, Gus H 
Huester, Harry 
Lewis, Theodore 
Merkt, Joseph X. 
Mivelaz, William A 
Morrison, Raymond 
Payne, Vincent 
Plinke, G. W. 
Pluckebaum, Joho 

Cc 


Pool, James M 
Powers, Harrington 


Romann, John 
Schank, Howard ‘ 
Schulz, Edmund F 
Wright, Louis W 


Skog, Ludwig Thornton 
Smith, Abram E Blackford, J. F entices 
Smith, Lloyd M Urbana— 
Smith, W. W Bruckner, W. H. Newpor 
Sokoloff, R. M Fett, Gilbert Sous 
ety 
Stewart, Roy I Shive! 
Svanoe, Wm. H. T Villa Park— Bend 
Sykes, Frank Paschke, Paul Jame 
> Tholen, Matthew A Li 
Jackson, K. H 
Wind, Joseph Baton | 
, Tonge, Maxwell Wilmington— tt 
Torok, Albert J Siewert, Wm. P F Smit 
Unger, Arthur M Plumley, Stuart Leesvil 
Vock, Louis G Wood River— Bate 
Nicholas Cummings, Ray- Monro 
Walter George F mene Art 
Ward, L. E Zeigler 
Re Watson, Charles O Rieger, Arthur J. Morga 
Wigton, M. H Am: 
Wilkinson, W. W ne 
Wilson, F. Douglas 
Winfrey, Paul INDIANA Natch: 
Winter, Otto W Hay 
Veune, Cans. D Hook, Archie M. 
Youngquist, Gordon Anderson— Bell 
Zack, Hans J Abernathy, Paul H. Bell 
Cicero— Bedford Wi 
Andersen, H. M Wy 
Ape Spalt, Geo. N Columbia City— Br 
Coal City— Columbus— Fe 
Hook, Cleo. E. Le 
Peterson, Alvin V 
Ha 
Roach, Justin M East Chicago— Ville 
Carr, Laurence H I 
Crossville Crawteed, W. F 
Dunlap— Joyce, Edward M 
A 
East Alton -omperger Frank 
i Newton, G. H. 
be ast Peoria— Wang, Ray H Kitt 
McKee, Leo L. Kyler, Donald Old 
Smith, Albert po R 
: Talkington, Earl r. T 
Ott, Albert C. 
East St. Louis Elwood— L 
Blasiol, Victor J 
Parson, Harry Lens, John J. Port 
Evansville— 
gin D 
ie Fentress, D. Wen- Norton, Harold W. H 
es K dell Wal : Shaffner, W. George N 
Clouse, Ben T. Cc 
Foley, Russell Gary F 
Wilhelm, A. J Gaydos, Prank J. 
vanston— J. 
ad Slaughter, Wm. I. Robinoff, Boris Po 
Flat Rock— 
~ McKinzie, Daniel J. Ani 
— Nystrom, Karl T 
Glenview 
Greer, Stanley Indianapolis j 
Hudson, John B 
‘ J Black, Le Roy H Ar! 
G Bossingham, R. 
a Burrise, Andrew H Ba 
Canganelli, Benny 
Granite City— Carmichael, Burgess 
Kirk, W. F. Dickson, R. H. 
4 Eaglesfield, R. D 
a Grayville— Eaglesfield, R. D 
Walters, Ray It 
ve Day, Allen N Fov i 
me Stain, Wm. D Grubbs, Paul F. , 
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‘Va 


ont cello— 
Mos Intosh, O. L 


Newport 
Sousa, John, Jr 


Shively 
Bender, Louis D 
lames, Emmett T 


LOUISIANA 


Baton Rouge 
Liewellyn, F 
Patterson, John H 
Smith, Chas. F. 
Smith, Everett G 


Leesville— 

Bates, Malcolm H 
Monroe 

Arthur, R. V 


Burrows, Delmer 


Morgan City— 
Ammann, Lt. Wer 
ner 


Natchitoches 
Hays, H. Ford 


New Orleans— 
Abaunza, Alfred E 
Barrios, E 
Bell, H. Mace 
Colby, Fred C 
Geffs, Frank A 
Guillot, A. H. 
Huet, G. O 
Kugler, Lt. K.G 
Marusic, Frank R. 
Ross, Paul 
Stilwell, Chas. O. 
Williams, E. B. 
Wishart, William 
Wyatt, Clifford H 


Pearl River— 
Clothier, A. L 


Port Sulphur 
Brandt, H. L. 
Cockrell, Clifford M 
Corne, E 
Ferree, E. B 
Ledet, E. J 
Shreveport 
Haggard, W. Henry 
Stewart, E. E. 


Ville Platte 
Lindquist, Axel S 


MAINE 


Bath— 
Long, Joseph A. 


Cape Cottage 
Young, Robert T 
Kittery— 
Endlich, P. J 


Old Orchard 
Rolf, William FE. 
Thompson, Jeffrey 


Orono— 
Le Cain, George H 


Portland— 
Cyr, Nathan D 
Dumsian, Joseph 
Henderson, H. F. 
Michaud, Joseph A 


South Portland — 
Kenneth 


Chadwick, Fred. S 

Harmon, Carl F. 

Schwerdtfeger, Au 
gust R. 


MARYLAND 


Aberdeen— 
Durney, Martin M. 


Annapolis— 
Bailey, Robert T. 
Evans, Stewart A 
Jensen, Cyril D 
Ronay, Bela M 


Arbutus— 
Ward, Grady 


Baltimore 
Adams, Clyde H 
Allen, Herschel H 
yan, Ww. M 


Bendak, Frank | 
Boetcher, Hans Nie! 
son 

Brown, Elisha A 
Burggraf, Fred 
Canty, Timothy A 
Carter, Richard A 
Christensen, L. H. 


Claussen, G. E. 
Cumberland, John 


Darr, Donald A. 
Duffy, James V. 
Emerson, George P. 
Fientzach, Frank E., 
Jr 
Freburger, Milton 
‘ee 
Gallagher, Chas. J. 
Greene, William R. 
Griffin, Thomas J 
Griffith, Willam G 
Halas, John 
Hall, Stewart S 
Higgins, N. B. 
Hilbinger, C. N. 
Hunt, Harry H. 
Jay, Eugene W. 
Jenkins, Alexander 
F 


Jensen, Holger 
Kay, George L 
Kotzelnik, Boyd 
Lacy, Charles E. 
Lahn, Sydney 
Landis, H. E. Jr 
Lengerhuis, Otto 
Linnert, George E 
Lucey, T. J. 
Mansfield, Roy A. 
Matuszewski, Fred 
McFarland, John 
Michel, Clarence H 
Gerald 


Miller, John 
Mooney, Bernard 
O'Kane, James 
Peck, Sanford 
Phillips, Chas. J 
Pleasant, Edgar L 
Riley, John H. 
Rumig, J. Louis 
Saxe, Van Rens- 
selaer P 
Seally, Jos. L. 
Schaufus, Henry S 
Shaprow, Wesley H. 
Shook, Henry W. 
Sirugo, Jos. R. 
Spagnoli, Herbert J 
Thompson, Arthur 


Vardavas, John 
Wynn, Arthur R 
Zouck, Geo. H. 


Bethesda— 
Kingsbury, J. A. 
Warriner, Reuel E. 


Brooklyn— 
Murray, Thomas O 


Calvert Hills— 
Blanton, John W. 


Catonsville— 
Fitzgerald, Robert 
Gathmann, Emil 
McHugh, Paul L. 


Chevy Chase 
Amirikian, A. 


College Park— 
Mowatt, Theodore 
A. 


Dundalk 
Fox, Clarence 
Hansen, Milton 
Humberstone, Jo- 
seph H. 
Lutes, Eller B. 
Ferndale— 
Hudnall, John W. 
Fort Meade— 
Goodsell, Earl M. 


Glen Burnie— 
Louck, Frederick F. 


Maryland Line— 
Jones, Loyal R. 


Parkville— 
Vuhasz, Elek J. 


Riderwood—. 
Klaunberg, 
ick H 


Freder 


Silver Springs— 
Hamill, Thomas E. 
Jobnston, Bruce 
Johnston, Robert S 
Murphy, Charles P 
Sarelas, Nicholas P. 
Tarver, Paul 


Sparrows Point 
Aschenbrenner, F. ] 
Birkholz, John 
Dorff, Arlo 
Jarvinen, Arne A 
McNally, Frank X 
Ross, Harry H. 


Takoma Park— 
Jackson, Clarence E. 


Towson— 
Rogers, Clifton V 
Taylor, James E 


MASSACHUSETTS 


Allston— 
Galambos, Paul V. 
McKenna, P. Edward 
Spooner, Leonard G 


Athol— 
Thayer, Frank L 


Attleboro 
Wilhelm, Walter 


Auburndale— 
Brouillette, | A 


Belmont— 
Feyling, P. L. F 
Rowsey, Charles A. 


Boston— 
Austin, Herbert G 
Barnes, William H. 
Carlin, L. C 
Crecca, John D 
Davis, Frank W 
Delbridge, Chester 


Doherty, E.R 
Faden, James L. 
Fennell, Le Barron 


Jackson, L. F. 
Lassner, Dr. Hans 
Lockman, Edward 
Mehaffey, Frank B. 
Raney, 
Sheerin, Edward 
Singleton, G. R. 
Small, Gilbert 
Steward, Harry M 
Strathdee, Wallace 
B 


Sweet, H. A 
Tapp, Geo. 
Tucker, Elias 
Williams, A. B 
Wood, Thos. A. S 


Bradford— 
Burnell, Harrie 


Braintree— 
Brayton, Roger W. 
Hogaboom, Allen G. 


Brighton— 
Wolk, Benjamin 


Brookline— 
Miller, David 
Morgan, Joseph 


Cambridge 
Bloom, David 
Bullock, H. R 
Coen, Martin 
De Forest, A. V 
Haertlein, Albert 
Horwitz, Sol 
Jefferson, John A 
Joslyn, W. N 
Kiley, Henry E 
Kyle, Peter E 
Lerner, Hiram A 
MacDonald, Harold 


McMullen, John G. 
Rosenthal, Daniel 
Stevens, Malcolm S 
Wilson, Francis W 


Charlestown— 
Crouse, Moyle B 
Donovan, James 
Mooney, John A 
Stuber, Jos. T 


Chicopee Falls 


Kapinos, John 


Dorchester 
Ruel, Hubert N 
Russell, Warren K 


East Boston 
Couch, Alton, R. J 
Mingotte, Eugene V 


East Braintree 
Cunniff, William H_., 


Jr. 
Doucette, John P 


East Lynn 
Campbell, Robert S., 
Jr. 


Everett 
Bengston, N. B 
Mann, Vernon 
O'Keefe, Wm. | 


Fitchburg 
Birnie, Albert W 


GEOGRAPHICAL LIST OF MEMBERS 


Haverhill— 
Taylor, Philip 
Hingham 
Shaw, John E 


Holyoke 
Emery, Willard A 
Hoffman, C. Ray- 
mond 
ones, H. Frank 
Marran, Vincent P 
Medoft, Jack I 


Hyde Park 
Swim, E. H 


Jamaica Plain— 
Kroll, Victor J 


Lawrence 
Lamontagne, Joseph 
A 


Lowell- 
Shore, Frank Joseph 


Lynn 
Brown, Irving C. 
Ferris, George M 
Purdy, Chariton V 
Richardson, George 
Ross, George A 
Ober, W. T 
Speed, Francis H 
Thomson, Malcolm 


Malden— 
Lee, Daniel G 
Miller, Robert Scott 
Ober, Walter 


Marblehead- 
Van Nest, Francis 
H. 


Millville 
Williams, Hugh 


Milton— 
Ingersoll, F. Johnson 
Ovaska, Walter A 


Nahant 
D’Arey, Raymond 


MacQueen, Ernest 


New Bedford— 
Winsor, Allen P., Jr 


Newton- 
Runkle, Lioyd Dan 


iel 
Woodrough, Kendal 
A. 


Newtonville 
Carver, Allen F 


North Reading— 
Neidick, Albert 


North Weymouth 
Jaeger, George 
Proctor, John C 


Palmer 
Carey, Frank W 


Pittsfield 
Gilbert, Ralph A 
Haffly, Jesse B 
Hannon, Cyril H 
Hopley, David 
Lipschitz, William 


Potter, Everett F 
Reed, Walter C 
Skinner, William Kk 
Somerville, G. G 
Unger, M. 

Weldon J J 


Quincy 
Cushman, James ! 
Debes, Erland D 
Edmonds, Bruce 
Ffield, Paul 
Gunning, John P 
Harding, Harry W 
Johnson, Clifford H 
Miranda, Tito 
Rober, Chester A. 
White, Louis 


Reading 
Fransen, Gelge 
Gibbons, Herbert A 


Revere 
Jackson, Walter P. 
Sher, Barney 


Richmond— 
Couch, Arthur C 


Roslindale 
Konetchy, Edward 
Roxbury 
Harris, Edward 
Masterson, James 


Saugus 
Curran, Joseph L. 


Sharon 
Mower, Dexter A. 


Somerville 
Lundgren, James F 


South Boston— 
Bach, A. Dudley 
Ball, R.A 
Cooper, Sidney B 
Dahlgren, R. F 
Gordon, Leo 


South Braintree— 
Dand, Raymond 


South Weymouth 
Bain, Earle 5S. 
Hakkarainen, Ar- 

thur 


Springfield 


Gamache, Rodolphe 


Peltier, Eugene J 
Stolte, Emil 


Swampscott 
Mastromarino, An- 
thony 


Wakefield— 
Coveney, James 
Rugg, P. N 


Watertown 
Monahan, Thomas 


R, 
Warner, William L. 


Westfield 
Bodurtha, David A. 


West Medford 
Coombs, Anthony 
Puffer, Daniel W. 


West Roxbury— 
English, Richard C 
Silver, Roy H. 


Winchester 
Norton, Peter J 


Wollaston 
Durney, P. J 
Zwicker, Earle F. 


Worcester 
Adams, Ernest N 
Bagdasarian, Bartev 9 
Braithwaite, Alex- 
ander 
Coster, Charles H 


Elliott, Edward 

Green, V. Wayne 

Hall, Preston M. 

Johnson, Carl C. 

Weissinger, Walter 
F. 


MICHIGAN 


Ann Arbor— 
Dow, William G 
Robards, Glen W 
Spindler, Wm. A 
lelfer, Wm 


Allen Park 
Zorn, Wm. H. 


Bay City 
Cogan, Howard C. 
Cooper, James M 
Davies, Bernard L 
Fisher, Simon 
Griffin, Robert K 
Kaunitz, Clyde F 
Kemm, Harold 
Kurlinski, T. 
Shearer, Charles 
Smith, Edward C. 
Taylor, E - 
Warren, Harold B 


Battle Creek— 
Hodges, Hubert E 


Birmingham— 
Hecker, Carl L. 
Stone, Edw 
Taylor, Floyd E 


Bloom field— 
Komarnitsky, R. 5 


Dearborn— 
Allan, Robert E. 
Bartch, Maura J 
Brodie, William M 
Cameron, Hugh M 
Curlie, Charlie 
Foote, Frank 
Foss, Earl H 
Foss, Glendon I 
Horne, Marvin R 
Johnston, M. James 
Jones, Wm. A 
judge, Alfred M 
Sanavage, Anthony 
Sheren, Keith 
Smith Edward 


Willsey, Arthur B 
Detroit 

Agren, Douglas E. 

Aho, George 

Albert, J. Harry 

Allen, Terrance W 


Smith, Frank M 
Station, James E 


Varian, Howard M 


Anderson, Walter 
Aquino, Joseph F 
Bain, George 
Basta, Nicholas 
Benkert, Louis M 
Boucher, A. F 
Bourque, Philip 
Bramilett, James 
Brams, Stanley H. 
Brock, Preston J 
Brooker, Edgar 
Brown, Edgar B 
Brueckner, Julius 
Callison, James M. 
Centers, Clyde 
Chisholm, V. H 
Clark, L. W 
Clark, Roy 
Coates, Frank 
Coffin, B. R 
Cooper, James R 
orey, Donald H 
orp, Paul M 
orp, Mrs., Paul M 
ox, James (€ 
rawford, Howard 
rigger, Harry 
rigger, John 
riteser, Dempsey 
Danse, | 
Davey, Geo 
David, Wm. J., Ir 
Dekker, G. ] 
Dempsey, Lewis P 
Diebold, John M 
Di Giulio, Armand 
Dodge, Pau! E 
Doud, H. P 
Duncan, J. A 
Dunkel, John | 
Dunn, Stephen J 
Eksergian, I 
Elges, Arthur ] 
Femminineo, | 
Flynn, C. 
Frost, L. H 
Fulton, R. 5S 
Gaskin, Mervyn G 
Goble, Dewey C 
Good, Adelbert C 
Goodspeed, Elvin S 
Gray, Randal 
Haines, Francis W 
Hakalow, Hazel 
Hakalow, William 
Hance, Joseph W 
Handley, Howard H 
Handova Charles 
W 
Harvey, Sidney M 
Heckman, Homer H 
Heron, 5. D 
Hoern, J. H 
Holden, Howard B 
Holmes, George 
Holtzhouse, Guy A 
Honey M 
Honhart, Jack C 
Houseman, Walter 


Hutton, Lyle P 
Jackson, H. A 
Jenkins, Ralph 5 
Johnston, Wilber R 
Jorstad, Henry ¢ 
Kelker, David R 
Keyes, ]. W 
Kice, Murray Jr 
Koulouras George 
Kreps, Richard 
Kroy, Walter 
Last, Albert J 
Lewis, Alfred H 
Lewis, Geo. E 
Lindsey, Albert 
Lofquist, Alex. E 
Lynn, Earle C 
Mackniesh, Frank 
Martin, George B 
Mason, Reginald |! 
Massey, W. E 
Mathews, H. George 
Matte, Joseph, Ir 
Maximowicz, Walter 
Merriman, Clem G 
Mihelcic, Joseph 
Milligan, James H 


Moore, Bruce | 

Moore, L. R 

Moran, Thomas IP 

Nichols, Leonard |! 

Overturt 
A 


Phelps, G |! 
Phillips, C. 1 
Platz 


Henry 


Perk 
3 
Ax 
— — 
| 
Bits 
pat 
48, 
a 
ae, 
| 
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Ploe, Elmer 

Quail, Kenneth H. 

Rees, Mackworth G 

Reid, Vaughan 

Riddlemoser, Don 
ald L 

Ritze, Harlan B. 

Roberts, Sam N 


Robinson, James M 


Robinson, Karl A. 
Rousseau, J. 
Rutledge, Richard 
Saul, Harry H, 
Schmidt, Emil 
Scott, M. R. 
Shelton, E. P. 
Sherman, W. F 
Sieger, G. N 
Simmons, Walter H 
Smith, Joseph C. 
Smith, Otis L. 
Sparks, Harold R 
Stasz, John 
Sullivan, E John 
Swart, Clayton 
Taylor, Earl A. 
Timmons, Geo. A. 
Tompking, Robert 
H, 


Turnquist, Carl H 
Urquhart, Glenn R 
Urquhart, Thorton 
Van Berg, Wm 
Van der Henst, A. 
Van Steenkist, 
Henry 
Varuzzo, James 
Von Berger, Carl E. 
Vondera, Willard 
Vrooman, G. C. 
Wanamaker, E. Geo 
Ward, R. N. 
Watson, Fred W. 
Watson, W. E. 
Weicht, Bruno S. 
Welcomb, C. D. 
West, C. L. 
Weston, Leslie 
Wetherby, B. R 
Willet, Cecil J. 
Wise, C. E. 
Withers, Frank J. 
Woodside, F. Lloyd 
Yanick, Leo J. 
Young, Geo 
Zech, Alfred N. 


Dowagiac- 
Laylin, Erwin 


Ecorse— 
Stevenson, A, W. 
Waring, Leif 


Farmington 
Washburn, Clark WwW. 


Fenton 
Owens, Roy 


Ferndale 
Coltson, Stanley A. 
Da Roga, Francis G 
Friebel, G J 
Moehlenpah, Wal- 
ter G 
Williams, Howard L. 


Flint 
Burrows, Godfrey 
Cary, Howard B. 
Fegley, Vaughan Ss. 
Feldman, Bill 
Ferris, Russell 
Hansen, Arthur M. 
Hill, Ralph G. 
Hinds, Spencer 
Hogrefe, Otto L. 
Kessler, Frank R. 
Longheed, Robert H, 
Nagy, William 3 
Ringer, Luther 
Rubel, Leon 
Spice, Stuart M. 
Spurling, Wm. 
Wheeler, Roscoe M. 
Wiley, Walter F. 


Grand Blanc— 
Stull, Harold S. 


Grand Rapids— 
folmes, Verne KE. 
Kreiser, G. F 
Layman, R. Dudley 
Monahan, Joseph 
Naylor, Cash E 
Ogden, Roland H. 
Thure, Donald 


Hamtramck 
Jakomowicz, John Ww 


Haslette 
MeNitt, Ralph R, 


Highland Park 
Randall, John F 
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Schriner, Ted 


Takoushian, Parsak 


Houghton 


Young, Almon Paul 


Huntington Woods— 
Bailey, Robert P. 


Jewett, Walter Le- 


roy 
Jackson 


Clark, John L 
Dissmeyer, Edward 


White, George A 


Kalamazoo 
Aldrich, Robert H. 
Ubbes, Frank 
Lansing 
Babcock, Francis 
Hedrick, Leslie C. 
Puffer, Harold R. 
Lawrence— 
Sehlieter, August C 
Lincoln Park— 
Chall, Arthur A. 


Midland- 
Jones, Ronald A. 


Monroe 
Bassini, Louis M. 


Muskegon 


Schramm, C. Henry 


Niles — 
Jones, Lowell L 


Pleasant Ridge 
Van Hove, Harry L 


Plymouth 
Bieszk, Anthony 
Donaldson, C. H 


Pontiac 
Austin, Byron B 
Wheeler, Neil E 


Port Huron 
Lewis, Frank 
River Rouge 
Bellfi, Omer H 
Neitzel, Henry C 
Scotten, Frank M 
Stewart, Clarence 
True, Dwight 
Romulus 
Boelter, L. W. 
Machcinski, Eugene 


Roseville— 
Courtemanche, Ed- 
ward O. 


Royal Oak 

Allen, Guy F. 

DeVore, Rooney W. 

Marcoux, Michael 
Saginaw 

Lyman, R Robert 
Stanulis, Joe S 
Three Rivers 

Berg, Henry L. 


Trenton 
Maire, Stephen F. 
Michalak, George 
Utica— 
Mayes, Lycurgus 
Raab, Carl 


Wayne— 
Bower, Harold S. 
Ferstle, Elmer L. 


Wyandotte— 
Graham, John BE. 
McIntyre, Joseph 


Ypsilanti 
Connell, Ray 
Kolkloesch, Harold 
Luebke, James 


MINNESOTA 


Columbus Heights— 
Olson, Albert C. 


Duluth 
Bartter, Ivan R. 
Blodgett, Omer 
Hosted, Ed. G. 


Fairmont 

Eustis, Irving N. 
Fridley 

Clogston, Charles M 


Hopkins 
Westmark, I Jonald 


Keewatin 
Bardine, Calvert S 


Minneapolis 
Akins, Clifford M. 
Baruth, Harold 
Behringer, Ceci] 
Beilke, Martin 
Blank, Maynard 
Born, Arthur C. 
Breckheimer, Ted 

M 


Brown, Walter V 
Bush, Ray G. 
Casey, A.B 
Caswell, Alexis 
Chatfield, Howard 
Demmer, A. P. 
Demeules, Eugene 


Edmonson, Or van J 
Forseth, George O 
Fredell, A. E 


Hall, Edgar E 

Hayward, C. L. 

Hedlund, A. V 

Hendrickson, M. H 

Hixson, Elmer 

Hoglund, Clarence 
E 


Hoppenstedt, V : 
Hudoba, Louis 
Hughes, Thomas P 
Jacobsen, Joe M 
Jacobson, Henry E. 
Jelinek, Joe 
Johnson, Amos R 
Johnson, Caleb C_ 
Johnson, David 
Klass, Fred 
Lange, H 


Nash, James E 
Nelson, F. C. 
Newton, Robert H. 
Niles, R. B. 

Olin, Clinton H. 
Ovestrud, Melvin 
Paquette, George J. 
Perkins, William 
Peterson, Harry 
Potter, M. H. 
Pugh, Guy L. 
Rabenau, Frank 
Robinson, R. W. 
Scott, Dr. F. Ww. 
Smith, H. 
Stone, Chas. W. 
Stryker, C. Vernon 
Sullivan, Harry E. 
Swanson, Rolf G. 
Thomas, George 
Tomezyk, Jos 
Underwood, C. M 
Underwood, Carl M. 
Warmington, Thos. 


Watkins, Wm. 
Watson, G. V. 
Weiss, Orin Andrew 
Weist, Milton M. 
Williams, Jack E. 
Wolsfeld, Paul B. 


Onamia 


Blair, E. D 


Robbinsdale 


Triden, Lewis 


Rochester— 


Morgan, Clyde B. 


St. Paul— 


Anderson, Kenneth 
Baillon, Paul y, 
Barron, J. H. 
Bauer, A. E. 
Bodin, C. E. 
Bollenbach, Willard 
M. 
Brunson, Harry S. 
Comfort, C. E 
Engstrom, John A. 
Gipple, George 
Gorans, Victor 
Greer, R. H. 
Halonie, Victor 
Hickey, D. W. 
Huna, Jack 
Jansen, Walter R. 
Kenny, Louis T. 
Kenny, Philip 4 
Kilbane, James, Jr. 
Larson, I, 
Lindeke, H. A. 
Loper, D. R. 
Mousseau, Kenneth 
A 


Nelson, W. Roland 
Nielson, Howard 
Nystrom, Carl 


Palmer, H.C. 
Patnaude, V. E 
Schroeder, Emil C 
Schulz, Wm. H 
Shoultz, Wm. L 
Spaulding, Roy L 
Struck, Larry 
Swanson, George 
Tiffany, Raub L. 


Wayzata— 
Williams, Roy E. 


Winthrop— 
Weisbert, Henry 


MISSISSIPPI 


Pascagoula— 
Bowen, W. B. 
Furr, John A., Jr. 
Leavitt, C. M. 
Pelan, William D 
Poe, M. O. 


Vicksburg— 
Bobbs, James Oslin 
MISSOURI 
Brentwood— 
Meier, E. F. 
Clayton— 


Booth, T. H 
Jablonsky, Roy 
Donald 


Florissant— 
Krewson, Ralph 


Fulton— 
Fairchild, Frank 


Glendale— 
Pahmeyer, Fred O. 


Independence— 
Cox, Leslie R. 
Gore, Burney F 
Thompson, Clarence 
A, 


Jefferson City 
Sinn, Jos. 


Kansas City— 
Adolphsen, A. Ww. 
Anderson, E. D. 
Anderson, Wm M. 
Bohne, Walter M 
Brown, Leland 
Burge, R. G 
Cannell, Paul 
Curry, Fred J. 
Davenport, Norman 

E 


Farr, William S. 

Finlay, E. H. 

Fizzell, James L 

Floyd, Frank May- 
nard 


Gustaveson, John 
WwW 


Havens, Harry L. 
Higman, Jack 
Huna, Albert F. 
Jones, Dwane H. 
Kirk, J. P. 

Koons, R. E. 
Kunert, Max 3. 
Kurtz, W. H. 
Larson, Wm. V. 
Launder, John E. 
Libby, H.H 

May, Lon F. 
McCormick, Don E. 
Merrick, Robert L. 
Mika, George 
Morgan, Lester 
Page, Lee E. 
Peterson, Car] 
Roncelli, John 
Schieman, C. T., Jr 
Snider, J. William 
Stevinson, C. H 


Wade, PD. 
Watson, O. E.} mid 


Lee’s Summit 
Buxton, Mack L. 


Longwood— 
Robb, John D. 


Normandy 
Evans, W. Stuart, 


North Kansas City — 
Burnidge, Merrill 
Cellwork, W. E 
Frick, C. W 
Rowden, Myrl M. 
Schmidt, Karl W. 


GEOGRAPHICAL LIST OF MEMBERS 


Orrick 
Majewski, Paul M 


Overland 
Kirkpatrick, 


Pine Lawn— 
Orr, John O 


Richmond Heights — 


Clements, George W 


Schwarz, Arthur 


St. Charles 
Lawler, J. W. 


St. Joseph— 
Holley, E. C. 


St. Louis— 
Allina, Alfred 
Bland, George O 
Bleikamp, C. E. 
Bosse, Eric M. 
Brauss, Norman 
Brumbaugh, I. V 
Clements, David A. 
Close, Howard C. 
Cyrus, John H. 
De Leal, R. 
Dodd, L. H. 
Ellaby, Charles H 
Enslin, E. M 
Fantz, C. F 
Feldhaus, Frank J 
Fisher, Edward W. 
Gill, Harry C. 
Griesel, Geo. 
Hicks, Harold E 
Hill, Lockwood 
Howery, James A. 
Hurst, W. 
Jackson, Earl T 


Juergens, Wilbur A. 


Kerbey, Eric A 
Klingsick, O. W. 
Knachstedt, M. L. 
Kohlbry, F. Pp. 
Kroeger, A 
Leonard, B. H. 
Letich, Mathew a. 
Locker, Robert 
Meyerson, Milton E 
Moran, Robert 
Moss, N, F. 
Netchvolodoff, V. 
Olson, I. T. 
Pennewill, G. W 
Plane, John C. 
Raidt, Harry E 
Resch, Leonard 
Ritchie, R. W. 
Rosborough, J. G. 
Ryan, Robert J 
Sacks, Raymond J 
Schenler, Walter M 
Schwarting, H. F 
Sheaff, Harry H 
Skinner, M.G 
Spoor, Dale D. 
Stupp, Norman J 
Thumser, Robert C 
Urbahns, Pierce W 
Webb, Eugene 
Westin, C. L. 
Wilkinson, O. F. 
Wunderle, J. S. 
Zenz, Otto P 


Trenton— 


Holmes, Chas. N 


University City— 


Lawrence, Elmer J. 


Webster Groves— 


Thompson, Edw. B 


Weldon Springs— 


Howery, Theodore 
E 


MONTANA 


Augusta— 


Kenck, R. C. 


Billings— 


Wolte, H. w. 


Bozeman 


Homann, F. C. 


Ethridge— 


Herzig, Everett C 


NEBRASKA 


Bellevue 


Stefanson, S 


Elmwood 


Knouppel, Fred 


Grand Island 
Poyer, D.G 


Lincoln 
Lebsack, Reuben D 
Ronnfeldt, Em; 


Barr, Dr. Wi! 
M. 
Begley, Paul J 
Cady, Clarence k 
Fuchs, B. L. 
Engler, Paul E 
Knox, Charles 
McGrath, G. F 
Norton, John H 
Schneiderwind, | 
Shiner, George E 
Thrapp, Geo. A 


lam 


NEVADA 
Boulder City 


Pyle, Lawrence G 


Las Vegas 
Nash, Roland E 


NEW HAMPSHIRE 


Claremont— 
Ericson, Car! B 


Manchester— 
Dufort, Jules G 


Portsmouth— 
Heffernan, Pau! 
Smith, Clinton C 


NEW JERSEY 


Arlington 
Mitchell, Raymond 


Smith, Russell W 


Audubon 
Jackson, Jarvis | 
Markman Freder 
ick 


ic 
Story, Alfred B 


Bayonne 

Ballinger, Vernon 

Christensen, Ben | 

Christensen, May 
nus 

Fahrion, Henry 

Gallagher, Patrick 


Kihlgren, Theodore 


Laurinatis, John 
Martyniak, Andrew 
Massa, Wm. J 
McCarthy, Timothy 


Nigh, G. W 
Plaskon, Edward W 
Plaskon, John 
Schoener, J. G 
Sokolow, Joseph 
Stibler, Jos. A 
Zuber, Michael | 


Belleville 
Anderson, Uno 
Goodford, Jack A 
Muzzicato, Leonard 
Schnorr, Karl 
Smith, P. L., Jr 


Bergenfield 
Happersett, R. H 


Bloomfield 
Clark, Raymond | 
Fenwick, Fred G 
Gunther, John Philip 
Knochel, W. J. 
Kotcher, George 
Nelson, Roland 
Pursell, Robert 
Wilson, R. M 
Young, Charles R 


Boonton 


Adams, Wadsworth 


Brooklawn 
Blanke, John A 
Shelton, Donald G 


Burlington 
Davies, Albert 
Ireton, Samuel R 


Jr. 


Butler- 
Smith, Murphy 
Tintle, DeGray 


Camden 
Boss, H. Carey 
Cooper, R. James 
Frey, Chas. A 


Ca 
Bis 
Ca 
] 
Clif 
cu 
Col 
Col 
F 
B 
B 
Langguth Kar! H. 
East 
Hi 
Re 
Re 
Ste 
Eliza 
A 
Be 
Bu 
Fy 
Gr 
Ho 
Hri 
Ke 
Foti ose ph A 
Kri 
She 
Ste 
te 
Engle 
Ty: 
Essex 
Alle 
F 
anwe 
| Wh 
i 
Farmit 
Mat 
Mill 
Tas 
Garfie! 
Coll 
= Bodi 
Hobs 
Hanove 
Holl 


McClung, C. R., Jr. 
Pierce Harry 
Spahn, John 


Carlstad— 
Baker, Joseph 


Carteret— 

Damick, Joseph 
Dikun, George D. 
Evans, Winfred L. 
Hila, John 
Lonsdale, William 
McKay, Edwin O. 
Walker, Kenneth L 


Cedar Grove— 
Hahn, Harry 


Cliffside— 
Dunn, Philip E 


Clifton— 
Blind, George J. 
Cooper, Tunis 
De Jager, Henry 


Collingswood — 
Lang, John Latreyte 
La Terza, Humbert 
Preston, Richard H., 
Jr. 


Colonia— 
Felton, Warwick A. 


Delawanna— 
Ostermann, Henry 
Denvilie— 
Halliburton, Milton 
R. 
Dover— 
Behrend, Alfred 
Boisvert, Xavier 
Dumont— 
Carney, Edward 
Dunellen— 
Lukas, J. C. 
Norton, Edward M. 
East Orange— 


Gaynor, A. E. 
Glass, Samuel 
Hart, William H. 
Landis, Donald 
Rogers, F. E. 
Stortz, Harry W. 


Elizabeth 
Ash, Charles R., Jr. 
Booth, Murray rol 
Budnick, Michael D. 
Fyke, Frank C. 
John C., 
Giebas, George C., 
Hodges, Charles 
Holder, G. C. 
Hrusovsky, L. 
Kete, Louis J. 
Krasnovsky, Andrew 
Loane, P. M. 
Olson, Albert M. 
Sheely, Moss F. 
Steinberger, A. W 


Englewood— 

Giroux, Fred J 

Tyrner, Jos. M 
Essex Fells 

Veith, Joseph 
Fairlawn— 

Allen, Frank 

Malling, Paul A. 
Fanwood— 

Wheeler, Lloyd F. 
Farmingdale— 

Ward, Firman 
Florence— 

Mathews, Arthur 

Miller, Edward L. 
Fords— 


Gerhard 
Garfield- 

Collari, Gerard 
Glen Ridge—— 

Stapleton, John H. 
Glen Rock 


Bodine, Francis O. 


Great Notch— 
Hobson, Howard W. 
Hobson, Russell B. 


Hanover— 
— Charles W., 
r. 


Harrison— 
Allen, R. J 
Francis, Howard C. 
Horsman, Kenneth 
Ww. 
Johanson, Henry 


McBride, G 


Hasbrouck Heights 
Schnetzer, S. 


High Bridge— 
Alpaugh, Lauson 


Hillside— 
Bott, Harry B. 
Brunner, 
Buie, William H. 
English, Elton T. 
Humm, E. F. 


Robinson, Charles F. 


Weber, Wm. 


Hoboken— 
Bond, Euclid E. 
Drake, Harcourt 
Dundas, Arthur S. 
Jugovich, Michael 
Kreidler, Carl E. 


Lansing, Herbert S. 


Irvington— 


Carragher, Frank J. 


Gottlieb, Seymour 
Katchen, Alex 
Lawrence, Anna M. 
McPeek, Reynold 
Reynolds, Frank 
Rodin, George A. 


Jersey City— 
Anderson, James L. 
Baker, James 
Barnett, Orville T. 
Barr, Max M 
Begtrup, E. F 
Black, Owen H. 
Caroselli, 


sep 
Crowe, John J. 
Doyle, James H. 
Fabian, Chester 
Fisher, Otto W. 


Fleischman, Samuel 


Garrard, James 
Gelenius, Harry 
Grazeshi, Stanley 
Hopkins, R. K. 
Igoe, John W. 
Kidd, Alexander 
Kutyla, John 

La Due, George 
Last, Albert R. 
Mahoney, Philip A. 


Mandulak, Michael 


Manning, John J. 
Mashl, Stephen J. 


McC lear, Frederick 


McNutt, Louis C. 
Nicholson, John E. 
Olsen, Martin 
Palughi, George 
Pharo, Edward A. 
Pidhorecki, 


Rippel, John 
Rooke, Robert M. 
Saacke, 
Schriefer, Harry 
Shaver, John H. 
Shields, W 
Singerle, Chas. 
Smith, Stephen 
Solberg, Frank 
Strangia, Michael 
Sylvester, 
Thrift, Lester L. 
Vigairi, Frank 
Waldeck, Edward 


Kearny 
Aborn, R. H. 
Canavan, James J. 
Eskilson, Knut 
Heacks, Herman 
Ohlesen, W. C 
Powell, R. E. 
Rose, William 
Stokes, Albert 


Keyport— 

Kirk, Paul K 

Linden— 
Graves, William G. 
Matheny, C. R. 
Petersen, Kenneth 
Phillimore, Horace 
Planeta, A. W. 


Little Ferry— 
Janaro, Frank 
Livingston— 
Axtell, Andrew C. 


Lodi— 
Harder, Henry 
Jasmine, Joseph J 


George A, 


Dominick 
Cavanaugh, Frank J. 
Comandatore, Jo- 


Gregory 
Pidhorecki, Nicholas 


Frederick C. 


Walter G. 


Lyndhurst— 
John H. 
Kraft, Claude A. 
Mitchell, Samuel M. 
O’ Donnell, James 


Madison 
Scarince, Wm. 
Silldorf, Henry C. 
Magnolia— 
Simpkins, 
Manasquan— 
Still, R. H. 
Maplewood— 


Rosso, Charles R. 
Rozycki, 


Andrew 


J. 
Simms, Forde 
Smith, Thomas B, 


Metuchen— 
Andersen, Karl M. 


Montclair— 
Jacobus, David 
Ogelvy, Norman 
Powers, 

Jr. 
Swap, Hans J. 


Moorestown— 


Cunningham, Jos. A. 


Morristown— 
Dempsey, 
mew 


New Brunswick— 
Troger, Henry H. 


Newark— 
Alessandro, 
las D. 
Bluhm, James D. 
Boehne, Alfred 
Brockson, John, Jr. 


Brown, Kenneth L. 
Bryan, Charles W., 


Jr. 


Bucknam, James H. 


Buczkowski, Julius 
Burke, Donley E. 


Constantinople, Jack 


Darlington, Donald 
Dempsey, John J. 
Dobson, Thomas A. 


Enderwood Richard 


John E. 
Hagey, 


Hoydich, Nic wae 
Hunter, R. C., 
Iglewitz, 
Inskeep, H. V. 
Jacobsson, Wilgot J. 
Jones, Homer W. 
Kiel, John 

Knapp, Benjamin 


Lawrence, Harold E. 


Mason, Leonard E. 
Mattern, P. M. 
Mayer, Frank E. 
McDonald, A. J. 
McLean, George 
Miko, Albert J. 
Moss, Herbert H. 
Nesler, R. P. 
Norman, 
Parker, Charles 
Reusch, Lloyd E. 
Russell, Bruce A. 
Sage, Albert M. 
Schlitz, Thomas R. 
Schott, Geo 
Schrumpf, Emil A. 
Shafler, Basi! K. 
Shakro, Philip J. 
Swankhous, 
Sweigman. 
Vanderham, Louis 
Wehrheim, Henry 
Weiss, Jos H 
Wheeler, K. V 


North Arlington— 


Dempsey, Raymond 


Wit meyer, 


North Bergen- 
Bischoff, George E. 
Boschem, H. C 
Brenegan, 


Churchill, W. B. 
Fontana, Peter 
Heller, James 
Jurkat, Gerhard 
Long, Dan L 
Palmer, Walter 
Scherrer, Austin 


North Orange— 


Johanssan, Nils 


GEOGRAPHICAL LIST OF MEMBERS 


Walter C. 


J. Claude, 


Bartholo- 


Nicho- 


Lawrence 


Fred B 
Seymour 


William 


Reginald 


Nutley 
Clay, William R 
Mc Manus, Geo. V 
Tedesco, Chas. E. 
Oaklyn— 
House, Alan 


Orange— 


Britten, Clarence R.. 


Deming, G. M 


Packanack Lake— 
Ogilive, Douglas C 


Taylerson, John E. 
Palisades Park 

Gibbons, Robert C 
Passaic— 


Boruch, Michael 
Manney, Ben 
Rhoades, James E. 


Paterson— 
Adams, Walter F. 
Andrews, F.H. 
Bayne, John 
Bryant, Gordan 
Du Bois, Charles 
Lanting, Fred 
Mulroony, P. M. 
Radcliffe, Amos H. 
Rudolph, William 
Tuzzeo, 


Jr. 
Van Dyk, Wilmer G 


Penns Grove— 
Smith, Kermit J. 


Perth Amboy— 
Harkrader, C. Elli- 
son 
Martin, Roderick. 
r 
McEvoy, Philip 
Sprague, A. G 
Phillipsburg— 
Lawrence, Howard 
Wm. 
Plain field— 


Brass, Eugene W 

Hornbeck, John 
Pleasantville— 

Haines, 


Jr. 


Pompton Lakes — 
Andrews, Richard 


Rahway— 
Mathias, David L. 
Swenson, Oscar E. 
Ridge wood— 
Paulson, Frank O. 


Riverton— 


Anderson, Arthur R. 


Rochelle Park 
Hall, Lewis W. 


Weston, Charles R. 


Roselle— 
Alberti, William 
Baumann, Leonard 
La France, B 
Mitchell, Fred E. 
Shultz, John 


Roselle Park— 


Roberts, Wilbert H. 


Rutherford- 
Bauer, Leo A, 
Hodge, Thomas 


Sayreville— 
Zagata, Walter 


Secaucus— 
Sauer, 
Jr. 


Scotch Plains— 
Grieser, Henry J. 


South Amboy— 
Stader, Philip A. 
Spring field— 
Davis, George E. 
MacKenzie, Francis 
A 
Summit 
Sidney, Chas. Wat- 
son 
Teaneck- 
Dale, John 
Forgett, V 
Griesbach, Frank 
Holdridge, Leonard 
Jansson, John H 
Tuckahoe — 
Sack, Raymond G. 
Union— 


Butler, Homer F 


Joseph J., 


George T., 


Edward |]., 


Union City 
Duffy, John P 
Koch, Harry 
Misciagna, Leonard 
Reide, H. F. 
O'Reilly, John J. 


Tisza, Ernest E 


Verona— 
Woodward, James P 


Weehawken— 
Blickman, Newton 
Blickman, Saul 


West Caldwell— 
Spencer, Kenneth 


West Collingswood 
Cotton, Chas. G 


West Englewood 
Gaffney, John J 


Westfield— 
Boyd, Douglas E 
Flocke, Frank G. 
Grove, Wm. G. 
Mitchel, Charles W 
Payne, Burt H. 
Scharwenka, A. V 
Titherington, 
Charles C. 


West New York 
Corbett, William H 
Jenal, Alfred 
Lantz, Eric 


West Orange— 
Dusche, John 
Friedlander, Lewis 
Jarman, William 
Swan, Chas. H 


Westville— 

Gillespie, Forrest W. 
Ww 
Charles E 
Whitehouse — 

Johnson, George E 
Wildwood— 

Jorgensen, Thomas 
Woodbury— 

Meixel, V. V. 
Woodcrest— 

Pelley, Richard T. 


Wortendyke— 
Broadhurst, Chas. T. 


on 
Rusch, 


NEW MEXICO 


Eunice— 
Wildman, Oliver 


NEW YORE 


Adams Basin— 
Sage, George R. 


Albany— 
Brickley, Earl M. 
Browne, Robert L. 
Ellis, Benjamin H 
Harter, Grant E 
Lehman, Eugene 
Ramer, E. 
Stigimeier, Albert F. 
Westbrook, Russell 


Alexander— 
Murta, Clarence 


Alpause- 
Reed, Clifford H 


Amsterdam— 
Burtt, Arthur T. 
Cerasaro, John 
Kubas, Joseph 
Sprong, George A., 
Jr. 


Auburn— 
Cowin, William 
Walker, Geo. H 


Avon— 
Nevin, William J. 
Ballston Lake— 
Bilonos, Mitchell P 


Ballston Spa— 
Cancro, Francis C. 
Charon, Fred A. 
Hayes, Kenneth E. 
Mahoney, John 
Van Aernem, Ralph 


Batavia— 
Knapp, Russell 
Parker, James S 


Beacon— 
Bolaskey, 


Frank 


Lanari, Raymond 
Suber, Ralph C 
Bolton Landing 
French, Willis J 
Bolivar 
Sage, Derreth 
Brockport 
McCaffery, Edward 
Bronxville 
David, Ernest Vic 
tor 
Buffalo 
Anchor, “harles J 
Bard, 
Bayer, Frank 
Berlin, Jack J. 
Bollin, | dward F 
Brand, E. A 


Bretherton, R 


Brown, Clarence H 

Burnham, L. F. 
Cobb, G. W. 
Cousins, Joseph 
Day, I 
DeGray, Wm. G. 4 
Dolan, J. W : j 
Doneburg, Ellis H oa 
Eberl, Leo J. 
Ernst, Elmer L 
Evans, M.S a 
Fender, William L. 


Fernbach, 
Freeman, 
Gaines, B 
Geisker, 

Gillespie, 
Goodiord, 
Heinz, 


Hull, Dar 
James, L« 
Jentsch, F 
Kliemann 


Korn, Martin P 


Kowalski, 


La Judice 


Lane, Ric 


Lyall, Richard 


Maday, Henry 
Mason, Jack H. 
Mattes, Frank J. 
McGuinn, C. D 
Patterson, Don W. 
Patti, Frank 
Rhodes, Edward 
Rodgers, F. Lee 
Meix!, Carl 
Mellinger, E. R 


Miller, 
Mohn, At 
Morrison, 


Munschaver, George 
k 


Murray, James F. 


Oldman, 


Sanscrainte, Stanley 
N 


Schliecker, G.H 


Schlieder, 
Sheridan 
Siemer, R 


Smith, William T. 


Snyder, N 

Sweitzer, 

Trefts, 
3rd 


Ulrich, Carl F. 


Valentine, Kenneth 

Weller, R. C 

Wiesner, Arthur J 

Wohlforth, Wm. A 
Cattaraugus 

Mosher, Leland ( 
Cohoes 


Rainville, 


Coldwater 
Buette, 


Corning— 


Evarts, Stanley T 
Kaukeinen, R. M 


Dansville 


Farrell, John E 
Lockwood, 
Martin, N 


Dobbs Ferry- 


Niebanck, 


Dunkirk- 
Block, W 
Boswell, 
Boswell, E 


Jr 
Dillenburg, John C., 


r 
James, C 


Jesionowski, Richard 


A 
MacGaffick, Leo A 
Markham 


Redline 


Arthur J 


Edward 
Hoad, Francis W. 
Holzer, V 


Herbert D. 


George M., 


Arthur E 


Emil 
Charles S. 
ernard 


John W 
Leon 


ernon L 
B 

rederick P 
Otto 


Harry 
Sanford 
hard S. 


sdrew J. 
Isadore 


Nelson E. 


Harley J 
S.A 
obert 


Leroy E. 


Philip A 


Robert 


Richard 


A 
E, } 
N., 


harles H 
Robert 
Ralph*H 


10] 


: 
— | 
— 
= 
Helm, John E. 
Hill, Harry N 
1 
= 


BE. Rochester 
Kadlecik, Pau 
Eggersville 
Ros. Joho 
Bher, Louis. Ir 
Fredoma 
Callahan. lames 
Fultoe 
Haskell, Ben 
Gleversiille 
Iseida. Fred 


Gowanda 
Kaight, Ira 

Greenport 
Boyle, Wm. R 

Hamburg 


Morrison, Ralph M 
Hartsdale 
Goerke, Arnold R 


Honeoye Falis 
Sargeant, John F 


Nlion 
Bruse, W. E 
Irvington- 
Lindemann, Harry 
Ithaca- 


Davis, Roswell F 
Hollister, S.C 


Kenmore 
Abbey, Nathan 
McCloskey, Richard 
H 


Parsons, Charles 
Brown, Robert L. 
Conley, Walter 
Galbreath, Emil 
Gordon, Wm. R 
Koerner Harry 
Young, K. P 


Kingston 
Ashley, Chas. H 


Larchmont 
Card, H.S 


Little Falls— 
Van Valkenburg, E 


Little Valley 
Worth, Sid L 


Liverpool- 
Jensen, Harold A 


Lockport 


Spoor, Eugene 


Long Island 
Abbott, Lester 
Alexander, Chas E 
Allen, G. Mitchell 
Axline,R_ A 
Barber, John K 
Beatty, Howard 
Beckmeier, Gustav 

H 


Biedermann, Harry 

Borst, William H, 

Brady, Henry P. 

Brennan, Patrick 4 

Bryers, John H 

Chavanne, William 
E 


Chiavaro, Paul 
Curry, Francis 
Curtis, Sydney F 
Duffy, Wm J 
Esslinger, Fred J 
Ferguson, James, Jr. 
Flanagan, Harold H. 
French, Robert 
Friedmann, Robert 
re 


Gandolp, Louis M 
Gaudiosi, Frank 
Gay, Philip D 
Goldsmith Bernard 
Goppoldt, Paul R 
Hallen, M 
Hamer, T. M 
Hechler, Charles, Jr 
Heintz, George R 
Hokkanen, John 
Howard, Edgar G 
Husaczka, Stephen 
Isenburger, H. R 
Jensen, John 
Judd, Robert S 
Kandel, Charles 
Kasper, George 
Kellogg, Edward K 
Klinke, H. O 
Klos, Clifford H 
rauss, Frank 
Lassen, Lt. Ernest > 
Leib, Paul 
Maak, Charles 
MseDoneld, Roder- 


ic 


102 


Madison, E. C. 

Mayer, Steve 

Partridge, William 
F 


Plastaras, James C 
Rahtz, A. J 
Reilly, Edward J. 
Reilly, Jonn 
Reinholtz, Christian 
Roffey, Albert B. 
Rosencrans, J. 
Rossi, Boniface E. 
Roti, Veto L. 
Rottman, Wm. A. 
McHugh, Thomas 3. 
McKay, Charles 
Oberst, Hugh 5. 
Sabol, Henry 
Saunders, Norman 
G 


Schaub, Robert E. 
Scott, Benjamin A 
Simanovich, Stanley 
Smizawski, John J 
Soman, Robt. 
Spraragen, William 
Stubelek, Z 
Sutton, Jesse M 
Tangel, John 
Thamme, FE. P. 
Thompson, Thomas 
Tuttle, Daniel A. 
Van Gallera, Wm. 
Waterson, Henry R. 
Watts, Kenneth G. 
Whaley, B L.. 
Wheeler Eugene W- 
Wicks, Wm. P 
Wilson, Newell J. 
Zimmel, Frank 
Jr 


Lyon Mountain— 


Goodwin, James F 


Millerton- 


Segelken, Chas. F., 
Jr. 


Mount Vernon— 


Morrison, H. R. 


Newburgh— 


D’ Andrea, A. Ralph 
MacDonough, R. C. 
Pearl, Martin 


New Paltz 


Schumacher, Frank 


New York City— 


Adams, John 
Adams, Richard 1 
Akers, Arthur W 
Albert, Sidney G 
Alleman, Cyrus E., 
Tr 
Anderton, James T. 
Antonucci, Biagio 
Aquino, Louis 
Armstrong, Robert 
J 


Arnott, David 

Augsborg, Max 

Axtell, Howell B 

Alexander 


Bauer, G 
Bauer, John 
Becker, Edward C. 
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SUSTAINING COMPANIES 


Companies Supporting the Society Through Regular 
Advertising and Sustaining Members 


Products and Activities as Furnished by Each Company 


*J.D. Adams Manufacturing Company, Indianapolis, Indiana, 
manufacturers of road building and maintenance machinery 
since 1885, is the oldest exclusive road machinery manufactur- 
ing company in the country. The major units in the Adams 
line are Motor Graders, Leaning Wheel Graders, Elevating 
Graders, Hauling Scrapers, Road Maintainers, Tamping Rollers, 
Terracers, Road Plows, Fresnos, etc. 


Air Reduction Sales Co., Lincoln Building, 60 East 42nd Street, 
New York, N. Y. Produces and supplies Airco high-purity 
oxygen, nitrogen, hydrogen, argon, neon, helium, krypton and 
xenon, atmospheric gases, acetylene, carbon dioxide in liquid 
and solid ‘‘Dry-Ice’’ form, carbide, Airco welding and cutting 
torches, pressure regulators and automatic welding and cutting 
machines, acetylene generators, welding and cutting supplies, 
gas welding rods, electrodes and Wilson Arc Welding Machines. 
Maintains a nation-wide oxyacetylene welding and cutting and 
arc welding supply service distributed through 26 district sales 
offices, 1414 distributing stations and 128 plants. 


Allis-Chalmers Manufacturing Company, Milwaukee, Wis. 
Manufacturers of the WELD-O-TRON—<.c. precision, low- 
current electronic arc welder for metals as thin as 28 gage at 
currents as low as 5 amp., such metals covering all weldable 
materials and alloys. Also a complete new line of heavy-duty 
industrial a.c. welding equipment. Other lines include a variety 
of 1600 products representing complete lines in the electrical and 
heavy industrial fields. 


“Aluminum Company of America, Pittsburgh, Pa. Producers of 
aluminum from bauxite and manufacturers of all standard 
forms of aluminum such as rod, sheet, tubing, structurals, rivets 
and all types of special products such as collapsible tubes, screw 
machine products, jobbing specialties and products made by 
casting, forging or extruding. Magnesium products are fab- 
ricated by American Magnesium Corp., a wholly owned subsi- 
diary. For welding both metals Alcoa manufactures welding 
rod and flux and has available literature on technique of welding 
these metals. 


The American Brass Company, Waterbury, Conn., manufactures 
Anaconda copper alloy welding rods for oxyacetylene and electric 
welding, including Tobin Bronze, Anaconda 997 (Low-Fuming), 
manganese bronze, brazing metal, phosphor bronze, electrolytic 


* These companies carry a Sustaining Member in the Society. 


copper, deoxidized copper, Super-Nickel and Everdur Pobin 
Bronze and 997 (Low-Fuming) are most satisfactory materials 
for general oxyacetylene welding because of their uniformity, 
composition, free flowing qualities and high-tensile strength. 
The low welding temperatures usually obviate the necessity of 
special preheating and dismantling 


American Bridge Company, Pittsburgh, Pa. Fabricators and 


erectors of structural steelwork for every purpose, including 
bridges, buildings, barges, hulls, towers, substations, dams, 
turntables, viaduct and subway structures. Also manufacturers 
of eyebars and electric furnaces of the Heroult type. Plants 
at Ambridge, Pa., Gary, Ind., Trenton, N. J., Elmira, N. Y., 
Pittsburgh, Pa., Minneapolis, Minn. 


*American Bureau of Shipping, 47 Beaver Street, New York, N. Y. 


President, J. Lewis Luckenbach. Vice-President and Chief 
Surveyor, D. Arnott. A society for the survey and registry of 
shipping, whose committees of management comprise the 
representative shipowners, underwriters, shipbuilders and 
marine engineers of the United States. The Bureau exists 
solely for the benefit of these various shipping interests, all 
accrued funds being used for its maintenance and the improve 
ment of the service. The Bureau has a large corps of surveyors 
stationed at the various ports of the world. Welding for ships 
comes under its supervision 


American Car and Foundry Company, 30 Church Street, New 


York, N. Y. Designers and builders of railroad equipment 
including passenger and freight cars of conventional or light 
weight design, fabricated by riveting, welding or a combination 
of both methods. Tank cars with riveted or welded tanks 
Welding of tanks by either forged or fusion methods. Mine 
cars and industrial cars of all descriptions; wheels; miscellaneous 
castings and forgings. Twelve plants strategically located 
throughout the country 


*American Gas and Electric Service Corporation, 30 Church Street 
New York, N. Y. Public utility servicing corporation for 
American Gas and Electric Company's wholly owned subsidiaries 
operating an interconnected system composed of Indiana & 
Michigan Electric Co., Indiana General Service Co., The Ohio 
Power Co., Wheeling Electric Co., Appalachian Electric Power 
Co., Kentucky and West Virginia Power Co., Inc., and Kingsport 
Utilities, Incorporated. Two other subsidiaries, The Scranton 
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Electric Co. and Atlantic City Electric Co. operate separate sys- 
tems. The Service Organization has pioneered in utility engi- 
neering, in high-tension transmission and large high-pressure 
steam plant practice. 


American Institute of Steel Construction, 101 Park Avenue, New 


York, N. Y., is the membership organization of the fabricators 
and erectors of structural steel in the United States. The In- 
stitute is interested in the standardization of the product and 
its design, improvements in design and fabrication methods and 
the advancement and promotion of the market for steel struc- 
tures. 


The American Ship Building Company is engaged in the construc- 


tion and repair of ships, engines and boilers. It is the oldest and 
largest organization of its kind on the Great Lakes. This com- 
pany operates seven shipyards, located as follows: Lorain, 
Ohio, Cleveland, Ohio, Superior, Wis., South Chicago, IIl. 
Buffalo, N. Y. (two plants) and Toledo, Ohio; and owns and 
operates the Delta Shipbuilding Company of New Orleans. 
General Offices and Engineering Departments are located in 
Cleveland, Ohio. 


American Steel & Wire Company, Cleveland, Chicago, New York 


and all principal cities. The electric and acetylene welding rods 
manufactured by this company are labeled ‘‘Premier.’’ These 
rods include low carbon, high carbon, alloy steel and stainless 
steel. The company also manufactures U.S.S. stainless and heat- 
resisting steels in the form of cold rolled strip steel, wire and 
wire products. 


Ampco Metal, Inc., 1745 South 38th Street, Milwaukee, Wis. 


Producers of a coated aluminum bronze welding rod called 
Ampco-Trode made in six grades from Ampco Metal, a high- 
tensile strength bronze with excellent bearing characteristics. 
Ampco-Trode 10 is an all-purpose coated bronze electrode char- 
acterized by high-tensile and yield strength as well as good 
elongation. Its great ‘“‘hot ductility’’ produces welds free from 
shrinkage cracks. Suitable for welding manganese bronze and 
brass. Made in 7 sizes, '/s to '/, in. May be used for metallic 
arc, carbon arc and oxyacetylene welding. 


Anti-Borax Compound Co. Inc., Fort Wayne, Indiana. Manufac- 


turers of the world-known ‘‘E-Z’’ Welding Compound for general 
forge use and ‘‘Crescent’’ Welding Compound, the best substitute 
for borax. Manufacturers of ‘‘Anti-Borax’’ Oxyacetylene Weld- 
ing and Brazing Fluxes, ‘‘Anti-Borax’’ Fluxes include a flux for 
welding cast iron; a brazing flux for brass, bronze, malleable 
iron, etc.; a flux for bronze welding cast iron; two aluminum 
welding fluxes; a stainless Steel flux; a flux for Silver Soldering 
and a Tinning Compound. ‘‘Anti-Borax’’ Fluxes are guaran- 
teed to give perfect satisfaction. 


Arcos Corporation, 401 N. Broad St., Philadelphia, Pa. Specializes 


in the manufacture of Chromend and Stainlend alloy electrodes 
for welding Stainless Steels and other Chromium Nickel alloy 
steels. They also manufacture Chrome-Nickel and other 
special electrodes for the welding of air-hardenable steels, as well 
as electrodes for welding straight Chromium steels, Nickel, 
Bronze and Cast Iron. Distributor warehouse stocks are main- 
tained in principal cities of the United States and Hawaii. 


*The Atlantic Refining Company, Philadelphia, Pa., manufacturers 


and marketers of petroleum products. A fully integrated Com- 
pany producing crude oil in the Mid-Continent field with re- 
fineries at Philadelphia and Port Arthur, Texas. Maintains 
research laboratories in conjunction with its refining and oil 
producing activities. Through subsidiaries operates some 2200 
miles of crude and product pipe lines and a fleet of 25 ocean 
going tankers. Marketing territory—the Atlantic seaboard, 
from Massachusetts to Florida—also in foreign countries. 


The Austin Company, Cleveland, Ohio. Engineers and builders 


for industrial plants of all kinds including manufacturing plants, 
warehouses, power plants, office buildings, research laboratories. 
The company maintains offices in twelve cities throughout the 
United States, as well as in Canada. Its structural steel fab- 
ricating plant at Cleveland pioneered in the development of 
welded structural steel and has furnished and erected nearly 
70,000 tons of welded steel for industrial plant construction. 


*The Babcock & Wilcox Company, 85 Liberty Street, New York, 


N. Y., manufactures water tube steam boilers, both stationary 
and marine, pulverized-coal equipment, water-cooled furnaces, 
steam superheaters, economizers, air heaters, chain-grate stokers, 
refractories and process equipment. A subsidiary, The Bab- 
cock & Wilcox Tube Company, manufactures seamless tubes 
and pipe of steel and alloys. Works at Barberton, Ohio, Beaver 
Falls, Pa. and Augusta, Ga. 


*Badenhausen Corporation, Cornwells Heights, Pa., a subsidiary 


of Riley Stoker Corporation, Worcester, Mass. Designers, 
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Fabricators and Erectors of Heating & Power Boilers—Langq 
and Marine, High and Low Pressure Steam Generating Uni: S, 
Superheaters, Economizers, Waterwalls, Airheaters, Desuper- 
heaters, Stacks, Tanks and Pressure Vessels of Riveted or Fusion 
Welded Construction. 


*E. B. Badger & Sons Co., 75 Pitts St., Boston, Mass. Estab- 


lished 1841. Licensing agents, designers, builders of Houd iry 
Catalytic Cracking and Treating plants and Edeleanu units 
Complete plants and equipment for distillation and treating of 
petroleum oils. Laboratory for evaluation of crudes and petro- 
leum products. Complete plants for producing alcohol, solven 
synthetic chemicals, coal tar products, cellulose products, paint 
for rubber, food product and soap industries and waste recovery 
Corrugated expansion joints for steam, oil and process pip 
including high temperatures and pressures. Contractors * ap ae 
installations. 


Bastian-Blessing Company, The, General Offices 4201 West Peter- 


son Avenue, Chicago, Ill. Pioneers in equipment for using and 
controlling high pressure gases. Manufacturers of the complete 
line of Rego Oxy-Acetylene Equipment including Welding and 
Cutting Torches, Regulators, Automatic Gas Economizers: 
High Pressure Charging- and Discharging-Manifolds, Fittings, 
Valves, Relief Valves for Oxygen, Acetylene, Hydrogen, Car- 
bonic and Liquefied Hydro-Carbon Gas Industries. The Rego 
line is sold and serviced by National Cylinder Gas Company, 
with warehouse stocks in all principal cities, and by Distributors 
throughout the United States, Canada and abroad. 


*Bell Telephone Laboratories, Inc., 463 West Street, New York, 


N. Y. The laboratory research unit of the Bell Telephone Sys. 
tem engages in basic laboratory investigations in the electrical 
arts of communication and in the sciences fundamental to those 
arts; develops and designs systems and apparatus for wire and 
radio communication, both telephone and telegraph, develops 
and investigates materials and establishes standards of quality. 


*Bethlehem Steel Company, General Offices, Bethlehem, Pa., 


produces steel in all grades and analyses, and manufactures a 
wide range of commercial steel products such as: Alloy Steels; 
Bars and Special Sections; Boiler and Pressure Tubes; Steel 
Pipe and Casing; Bridges, Buildings and Steel Structures; 
Building Specialties; Steel Plate Work and Construction Cast- 
ings; Corrosion-Resisting Steels; Flanged and Dished Products; 
Forgings; Pig Iron; Rails and Accessories; Semi-Finished 
Steel; Freight and Passenger Cars, Mine Cars; Steel Joists and 
Studs; Pipe; Plates; Sheets; Piling; Structural Shapes; Tin 
Plate; Tool Steels; Trackwork; Wheels, Axles; Wire Rope. 


*Blaw-Knox Division of Blaw-Knox Co., Pittsburgh, Pa. Have a 


complete organization for Research, Engineering, Fabrication 
and Construction required for the development, installation 
and operation of complete Chemical Process Plants, or for the 
design and construction of individual units of Process equipment 
Manufacturing facilities are complete with all facilities to 
produce fusion welded equipment for high temperatures and 
pressure in accordance with A. S. M. E. Code, and experience 
includes the fabrication of all common commercial alloys. 


*Edward G. Budd Manufacturing Company, Philadelphia, Pa., 


and Detroit, Mich. Defense products for all branches of the 
service. In peacetime they make ALL STEEL Automobile 
bodies and stampings. Die and Tool Work. Stainless steel 
railway passenger cars, stainless steel marine structure, airplane 
parts, stainless steel truck trailer bodies, fabricated by the 
SHOTWELD system. 


The Burdett Oxygen Company of Cleveland, Inc., 3300 Lakeside 


Avenue, Cleveland, Ohio. Producers and manufacturers of oxy- 
gen, acetylene, Pyroline, nitrogen and carbon dioxide, so'd with 
in a radius of 250 miles of Cleveland, deliveries by own trucks, 
also suppliers of all types of welding and cutting apparatus and 
welding rods, fluxes, goggles, etc., maintains a large repair de 
partment for reconditioning oxyacetylene equipment. Sole 
distributors G. E. Company arc welding equipment, atomic 
welding equipment, arc welding supplies, electrodes, cables, etc., 
in thirteen counties surrounding Cleveland. 


*The Anthony Carlin Company, 2717 East 75th Street, Cleveland, 


Ohio. Manufacturers of ‘Perfection’ Steel Rivets for over 
thirty years, are now offering to their trade, a complete line of 
“Perfection” Arc Welding Electrodes manufactured to strict 
specifications, based upon scientific development by men having 
a thorough knowledge of metallurgical engineering, chemistry, 
ceramics and circuit characteristics. Welding electrodes guar- 


anteed to conform in every respect to the requirements of recog- 
nized inspection agencies. 


*Carnegie-Illinois Steel Corporation, Carnegie Building, Pitts- 


burgh, Pa., and 208 South LaSalle Street, Chicago, Ill., a sub- 
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sidiary of United States Steel Corporation. Combined in this 
one unit are the manufacturing facilities of the former Carnegie, 
Illinois and Lorain Steel Companies, and American Sheet and 
Tin Plate Company. Production covers a vast range of rolled, 
forged, cast and fabricated steel products—plates, shapes, bars, 
rails, sheets, tin plate, stainless and heat resisting steels, high- 
tensile steels, all types of alloy steels and special sections of every 
description. 


The Champion Rivet Company, of Cleveland, Ohio, Western 
Plant at East Chicago, Indiana, is one of the pioneer companies 
in the metal joining industry. Over forty-five years ago the late 
Mr. David J. Champion founded the company and pioneered in 
the manufacture of steel rivets. During the past eleven years 
they have been making a complete line of heavily coated welding 
electrodes known to the trade as Champion Red Devil, Blue 
Devil, Gray Devil shielded arc electrodes. They are repre- 
sented in practically all the principal cities of the United States. 


"Chicago Bridge & Iron Company, 332 South Michigan Ave., 
Chicago, Ill. The Company employs welding in the fabrication 
of vessels conforming to Paragraph U-68 of the A. S. M. E. Code 
for Unfired Pressure Vessels at its Birmingham plant, and ves- 
sels fabricated to Paragraph U-69 of the Code at its Birmingham, 
Chicago and Greenville, Pennsylvania plants. Also in building 
pipe lines, barges, steel storage tanks, spheres, spheroids, smoke- 
stacks and elevated tanks. 


The Clearing Machine Corporation, 6499 West 65th Street, 
Chicago, Ill., is engaged in the manufacture of standard and 
custom built power presses for the metal working industries. 
Welded steel construction is employed in the manufacture of 
small, medium and large size mechanical and hydraulic presses 
ranging from 50 ton single action to double and triple action 
presses of any desired tonnage. Advanced welding design and 
modern manufacturing facilities are features of CLEARING 
products. 


Cleveland Electric Illuminating Company supplies electric service 
in Cleveland and 133 other communities in five counties in 
northeastern Ohio. Territory is 1700 square miles and extends 
approximately 100 miles along south shore of Lake Erie from 
Conneaut to Avon. Population 1,400,000. Customers 335,000. 
Power is generated in three interconnected power plants—at 
Ashtabula, Cleveland and Avon. These plants have total 
generating capacity of 520,000 kilowatts; additional 120,000 
kilowatts under construction. Company also provides central 
steam heating service for the downtown area of Cleveland. 


*Combustion Engineering Company, Inc., 200 Madison Avenue, 
New York, manufacturers of all types of Stationary & Marine 
Water Tube and Fire Tube Boilers; Pulverized Fuel Burning 
Systems and Stokers; also Water-Cooled Furnaces, Superheat- 
ers, Economizers and Air Heaters; fabricators of Pressure Ves- 
sels, Tanks, etc., welded or riveted, in carbon, alloy or clad steel; 
also Platework, Domestic Range Boilers, Gas Water Heaters, 
and Cast Iron Soil Pipe and Fittings. 


Commonwealth Edison Company, 72 West Adams Street, Chicago, 
Illinois. Public utility operating company engaged in the pro- 
duction, purchase, transmission, distribution and sale of electric 
energy for domestic, commercial, industrial, transportation and 
municipal purposes, in the City of Chicago. 


*Crane Co., 836 So. Michigan Ave., Chicago, Ill. Crane Co. main- 
tains fabricating shops in Chicago, Bridgeport, Birmingham, San 
Francisco, Los Angeles and other Branches in the larger cities 
throughout the country. In Chicago complete facilities are 
available for bending, lapping, welding and heat treating of pip- 
ing in both carbon and alloy steels for use in steam power plant, 
oil refinery, oil and gas transmission, chemical and various other 
industries. Pressure vessels are also fabricated by welding under 
A. S. M. E. Code requirements 


*The Detroit Edison Company. Does the entire commercial elec- 
tric lighting and industrial power business in 43 cities, 85 incor- 
porated villages and rural areas in 217 townships with a popula- 
tion conservatively estimated at 2,769,700. Territory served 
7587 square miles. Operates 4 large steam power plants and 
7 small hydraulic plants with a total capacity of 1,159,300 kw 
The Company serves 766,000 electric customers, 11,544 gas 
customers and 1606 steam heating customers. 


“Downingtown Iron Works, Downingtown, Pa., welded plate fabri- 
cation of every type for all purposes of ordinary carbon steel, 
chrome nickel, chrome alloys, nickel, nickel clad steel, stainless 
clad steels, Monel metal and Silicon bronze; to form: acid 
tanks, air pressure tanks, grease tanks, jacketed tanks, pressure 
tanks, tanks for storage of chemicals, heat exchangers, stills, 
calandrias, fermentation tanks, storage bins, etc. 


Dravo Corporation, Neville Island Station, Pittsburgh, Pennsyl- 
vania. Designers, fabricators, builders of barges, cranes, tow- 
boats, tugs, car floats, dump scows, dredges, derrick boats, 
material handling installations, steel floating and terminal 
equipment, ore bridges, mine cars; fabricator of pipe, structural 
steel, reinforcing steel, pneumatic caisson; also, producers and 
shippers of sand, gravel, ready mixed concrete; contractors for 
locks, dams, bridge piers, retaining walls, shafts, tunnels, in- 
dustrial foundations, pump houses, power plants, machine tool 
installations, heavy machinery sales and installations 


The Eastman Kodak Company is the world’s largest manufacturer 
of photographic materials and equipment, with plants at Roches- 
ter, N. Y.; Kingsport, Tenn., Peabody, Mass., Chicago and 
Toronto; five plants in Europe; a plant in Australia; and a 
world-wide distributing organization. The Kodak Research 
Laboratories’ staff, numbering 500, engages in scientific work 
pointed toward the continuous advance of photography. Non- 
photographic materials manufactured include acetate rayon, an 
acetate molding composition, cellulose-nitrate and cellulose- 
acetate solutions, synthetic organic chemicals, and precision 
military implements. 


*The Electroloy Company, Inc., 1600 Seaview Avenue, Bridgeport, 
Connecticut, with offices in the various manufacturing centers, 
are producers of all types of Resistance Welding Electrodes 
Their products include many high-strength, high-conductivity 
copper base alloys, developed especially for the resistance weld- 
ing industry. These alloys are supplied either in rough form as 
forgings, castings and rolled bars, or as finished electrodes for 
any type of resistance welding. The Company maintains a 
program of engineering and developmental research in the re 
sistance welding field. 


Electro-Motive Corporation, La Grange, Ill., manufactures Diesel 
locomotives from 300 hp. and up for switching, branch line, 
transfer, freight and high-speed passenger service, all of welded 
construction. Road locomotives and Diesel engines are en- 
tirely of welded construction made of various pressings and 
structural shapes and mostly of high tensile alloy steels 


Eutectic Welding Alloys Co., 40 Worth $t., New York, N. Y. 
Manufacturers of Castolin Eutectic Low-Temperature Welding 
Alloys and Autochemic fluxes for use with oxyacetylene gas 
torches, metallic arc, carbon, induction, resistance and furnace. 
These alloys possess many advantages over ordinary welding 
rods, such as high strength, matching color, less stresses, less 
warping, less preheating, greater economy. There is a complete 
line of rods and fluxes to weld every metal. 


The Falk Corp., Milwaukee, Wis. (Description not received in 
time for inclusion in Year Book.) 


*Federal Aircraft and School of Welding, 1110-12 Union Ave., Mem- 
phis, Tenn. Specializing in Electric Welding and in Airplane 
Inspection course in which we teach Riveting, Drilling, Drafting, 
Blue Print Reading and Sheet Metal Fabrication. Our Chief 
Welding Instructor has had shipyard experience and we have a 
record of securing employment for all graduates 


Federal Shipbuilding and Dry Dock Company, General Office and 
Works: Kearny, New Jersey. Newark Office: 744 Broad St. 
Builders of naval and merchant ships, barges and floating 
structures. Drydocking and vessel repair work 


*The Fibre-Metal Products Co., Chester, Pa. Manufacturers of 
Welding Accessories and Industrial Face Protection. Origina- 
tors, inventors and manufacturers of a special and exclusive 
process for producing ONE PIECE Arc Welding Helmets and 
Hand Shields from vulcanized fiber. Also, a complete line of the 
same items in Fabricated styles. Chrome Leather Helmets, 
Sand Blast Helmets, Metallic and Carbon Arc Electrode Holders. 
A portable machine, known as the WELD-PROBER, for re- 
moving specimens from butt-welded joints for visual, physical 
and chemical analysis has recently been added to their line. 


The Fidelity and Casualty Company of New York, 80 Maiden Lane, 
N. Y. This company, for more than sixty years, has provided 
insurance protection for power plants throughout the United 
States and Canada. Every boiler and machinery policy-holder 
receives engineering service which provides for periodic in- 
spections of the insured equipment. This alone is of inesti- 
mable value in that defects and improper conditions are often dis- 
covered before causing possible loss of life and property. The 
engineers are equipped with the latest type of instruments for 
properly inspecting the insured equipment. 


*Fisher Body Division, General Motors Corp., Detroit, Mich. In 
peace times Fisher built millions of automobile bodies each year, 
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Great Lakes Engineering Works, Great Lakes Ave., River Rouge, 
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requiring a vast amount of spot and arc welding. Fisher Body 
now is engaged in production of an enormous variety of arma- 
ment work. These war goods Fisher Body is producing require 
a tremendous variety of welding work so Fisher, perhaps more 
than ever, is one of this nation’s foremost users of welding 
methods. Tanks which Fisher Body is building are, for in- 
stance, all-welded land battle-wagons 


Foote Mineral Company—Sales office, 1612 Summer Street. 


Factories at Philadelphia, Pa.; Wyndmoor, Pa.; Exton, Pa. 
Cable ‘‘Foote Philadelphia.”” Manufacturers of a complete line 
of electrode coating materials including metals; alleys of 
chrome, manganese, molybdenum, silicon, titanium; silicates 
and organic fillers; compounds of calcium, chrome, magnesium, 
manganese, iron, titanium and zirconium. Also manufacturers 
of fluxes for aluminum welding; Lithium Chloride and Lithium 
Fluoride. Catalog, Foote Welding Materials, gives an up-to- 
date factual list and complete analyses of over forty products. 


Foster Wheeler Corporation, 165 Broadway, New York City. 


Manufacturers of steam power plant and oil refining equipment 
including high- and low-pressure vessels of simple and alloy 
steels, welded, tested, stress relieved, to A. S. M. E.-A. P. I. and 
other code standards. Marine steam generators to Navy and 
U. S. Maritime Commission standards. Heat exchangers of 
various types for operating pressures up to 3200 lb. per square 
inch and with head loads of 6,000,000 lb. have been furnished. 
Branch offices in principal cities, also Canada and Europe. 


*Frick Company, Waynesboro, Pa. This company builds ice- 


making and refrigerating machinery and air-conditioning equip- 
ment and uses electric and oxyacetylene welding in making 
various parts of their systems. Pressure vessels, such as am- 
monia, carbon dioxide, methyl chloride and Freon-12 receivers, 
oil separators, accumulators, condensers and brine coolers are 
all of welded construction; also continuous pipe coils, headers 
and bends are welded. They use welding for tanks, pans and 
for repairing castings and are interested in the art in ail its 
phases. 


General Electric Company, General Office, Schenectady, N. Y. 


Manufactures arc-welding electrodes, equipment, cable and 
accessories. Electrodes include: types for all mild-steel work, 
low-alloy steels, cast-iron repair, and resurfacing. Equipment 
includes: d-c single-operator arc welders with electric-motor, 
gasoline- or diesel-engine drive, with shaft extension for user’s 
drive; complete d-c multiple-operator systems; a-c arc welders; 
atomic-hydrogen welders; and automatic apparatus for use with 
any of these processes. 


*General Fire Extinguisher Co., 260 West Exchange St., Provi- 


dence, R.I. Executive Offices are in Providence, but Sales Offices 
and Branches are located in the principal cities of the United 
Statesand Canada. Maintains Prefabricating Plants in Atlanta, 
Ga., Cranston, R. I., and Warren, Ohio, where complete facilities 
are available for prefabrication of all classes and types of piping 
including Bending, Van Stoning, Welding and Heat Treating of 
carbon and alloy steels used in Power Plants, Process Plants 
and Oil Refineries. 


Mich. (Description not received in time for inclusion in Year 
Book.) 


“Handy & Harman, 82 Fulton Street, New York City. Products 


include, Sterling Silver, 999 ‘“‘Plus’’ Fine Silver Anodes, Grain 
Silver, Gold and Silver Wire, Karat Golds and Gold Solders, 
Gold Bars, Silver Bars, Platinum Metals, “Handy” Silver 
Solders, Sil-Fos and Easy-Flo low temperature brazing alloys, 
Powder Metal Products, Handy Flux. We also refine all kinds 
of manufacturers’ scraps, sweeps and other waste containing 
precious metals, also old gold, silver and platinum. 


Harnischfeger Corporation, 4400 West National Avenue, Milwau- 


kee, Wis. Manufacturers of the famous P & H-Hansen Elec- 
tric Arc Welders in capacities up to 400 amperes, with stationary 
or portable mountings, featuring single current control, self- 
excitation and internal stabilization of welding current. Gas 
engine driven sets in capacities up to 300 amperes are available 
with either skid or trailer mountings. Also manufacturers of a 
complete line of P & H welding electrodes, Electric Hoists and 
Cranes. Offices and service facilities in all principal cities. 


Harris Calorific Company, 5501 Cass Avenue, N. W., Cleveland, 


Ohio. Pioneer manufacturers of Welding and Cutting Torches 
for utilizing Oxygen in combination with Acetylene, City Gas, 
Natural Gas, Propane and other Fuel Gases; famous ‘‘Multi- 
Stage” and other Regulators for controlling either high- or low- 
pressure gases, ‘‘Gasavers’’ and Automatic Acetylene Genera- 


The Hobart Brothers Co., Hobart Square, Troy, Ohio. 
facturers of Hobart ‘‘Multi-Range’’ Arc Welders for general 
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tors, Automatic Torches, Pipe-Scribers, Oxygen Manifolds 


and Searfing Torches. Distributors in all principal cities. 


“Hartford Steam Boiler Inspection and Insurance Company, Hart- 
ford, Conn. Insurers against loss from accidents to boilers, yy- 


fired pressure vessels, engines, turbines, compressors, electri 
motors, transformers, generators and similar power equipme 
The company maintains a corps of inspectors who make period) 


inspections of insured equipment for the purpose of detecti; y 


weaknesses which otherwise might cause accidents. Inspectio; 
are also made of boilers and pressure vessels during constructio; 


to determine that they comply with State and City legal require- 


ments. 


Haynes Stellite Company, Kokomo, Indiana, a Unit of Union Ca; 


bide and Carbon Corporation, manufactures wear-resistant and 
corrosion-resistant alloys, metal-cutting tools, special cast and 


rolled products, hard-facing materials for protecting metal-wea; 


ing surfaces. Brand names of products are Haynes Stellite hard. 


facing rod, Stellite metal-cutting tools (3 grades: 98M2, ‘240 


and Star J-Metal), Hascrome hard-facing rod, Haystellite cast 
tungsten carbide products and Hastelloy nickel-base alloys for 


corrosion resistance. Haynes Stellite hard-facing rods and Has 


crome hard-facing rods are also available through all apparatu: 


shipping points of The Linde Air Products Company. 


The Heil Co., Milwaukee, Wis., and Hillside, N. J., are manu 


facturers of scrapers, bulldozers, trail-builders, bottom dum; 


wagons, sheepsfoot rollers, light and heavy-duty bodies and 


hoists, transportation tanks for all types of liquid product: 
beverage bottle washers and pasteurizers, agricultural and con 


mercial dehydrating equipment, industrial parts washers, water 


supply systems, heating and winter air-conditioning equipment 


milk storage tanks. All Heil ‘‘Quality-Built’”’ products are of 


welded construction exclusively. 


The Heltzel Steel Form and Iron Co., Warren, Ohio. Complet: 
steel fabricating and engineering service. General steel plate 
fabricating for such industries as machinery, welding, rubber, 
steel mills, coal, including machine bases, stacks, breechings, 


pipe line, etc. Standard products include steel forms for road 
way, curb and gutter, sidewalks, foundations, sewers and tun 


nels; steel bins, weighing and conveying equipment for concrete 


aggregate and bulk cement, both portable and stationary 
concrete buckets, subgrade planers and testers, concrete finish 
ing tools; a complete line of gasoline or electric powered concret: 
finishing and strikeoff machinery. 


“Hercules Motors Corporation. Factories and General Offices, 
Canton, Ohio. Oil field branches: Houston, Kilgore and Odessa, 
Texas; Tulsa, Oklahoma and Salem, Illinois. World’s largest 
manufacturer specializing in the design and construction of 
high-speed, heavy-duty internal combustion engines, exclu- 
sively. The Hercuies line includes an unusually wide range of 
2-cylinder, 4-cylinder and 6-cylinder Gas, Gasoline and Diesel 
Engines and Power Units. Sizes range from 4 to 200 horse- 


power. Hercules Engines are widely used by leading manufa 
turers of welding equipment. 


purposes in all standard sizes, 150, 200, 300, 400 and 600 amperes 


operated by electric motor, gasoline engine, or diesel engine, as 


well as generators only for use with customer’s own power unit 
Also featuring special models such as the ‘“‘Streamliner,”’ “Air 


craft Special,” ‘‘Tractor Type Self-Propelled,”’ ‘““Mine Type 
Underslung,”’ ““Railway Self-Propelled,’ etc., and a complete 


line of Electrodes and other supplies for electric arc welding. 


Hollup Corporation, 3357 West 47th Place, Chicago, Illinois. 
Manufacturers of (1) the SUREWELD line of Protected Arc 


electrodes, (2) Wanamaker and Rex lines of Coated and Proc 


essed electrodes, (3) Gas welding wire and supplies. A welding 


rod for every job in electric and oxyacetylene welding. A. C 


and D. C. are welders and steel welders. Engineering servic« 
to users of welding available from Chicago and other principal! 


cities. 


Hudson Motor Car Co., 12601 E. Jefferson Avenue, Detroit, Mich. 
Allthe Company’s factories, which have produced over 2,800,000 


Hudson automobiles, as well as the huge U. S. Naval Ordnanc: 
Plant operated by Hudson for the Navy, are devoted 100% to war 


work. Major contracts include volume manufacture of 20-mm 


anti-aircraft machine guns, mass production of important units 


for Wright Cyclone engines, ‘“‘Hell-Diver’’ bombers, fuselage sec 


tions for medium bombers, Invader motors for landing boats, 
and other equipment ranging from mine anchors to delicate firt 


control apparatus. 
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Hughes Tool Company, Houston, Tex. For more than three dec- 
ades has served the Oil Industry in the manufacture of Rock 
Bits, Core Bits, Tool Joints, Valves and Fittings. Through 


a these years, the Hughes Tool Co. has faithfully adhered to the 
* policy that no product be offered for sale until first proved to be 
the best for the purpose it was intended. 


Industrial Publishing Co., 812 Huron Road, Cleveland, Ohio, 
publishers of Industry and Welding, distributed to 28,000 
executives, supervisors, welding engineers and shop men. Deals 
with the economic side and the technical side of welding—new 
developments, news of the industry and technical articles on the 
practical phases of all types of ferrous, non-ferrous, alloy welding 
and cutting. 


*Inland Steel Company, Chicago, Illinois. Open Hearth Steel 
Manufacturers: Semi-Finished Products, Merchant Bars, Con- 
crete Reinforcement Bars, Plates, Inland 4-Way Floor Plates, 
Shapes, Steel Sheet Piling, Rails and Track Accessories, Hot and 
Cold Rolled Sheets and Strip, Galvanized Sheets, Zinc-Alloy 
Sheets, Cold Reduced Tin Plate, Tin Mill Black Plate, Terne 
Plate, Rail Steel Products, Fence Posts, Inland Copper-Alloy, 
Inland Hi-Steel. Inland Ledloy Bulletins gladly sent upon 
request. District Offices: Detroit, Milwaukee, Kansas City, 
St. Louis, St. Paul, Cincinnati. 


*The International Nickel Co., Inc., 67 Wall Street, New York, 
N. Y¥. Manufacturers of Inco Nickel, Monel and Inconel weld- 
ing wire for oxyacetylene welding; Inco Monel gas welding flux 
and Inconel gas welding flux for oxyacetylene welding of Monel 
and Inconel, respectively; flux-coated electrodes for metal arc 
electric welding of nickel, nickel-clad steel, Monel, Monel-clad 
steel, Inconel and Inconel-clad steel. Producers of nickel, 
Monel and Inconel bars, rods, sheets, strip, tubes, plate, pipe 
and forgings. 


*Jackson Products, 3265 Wight Street,, Detroit, Mich. Manu- 
facturers of Jackson Electrode Holders, Eyeshields and Hoods. 
Completely Insulated Electrode Holders for arc welding feature 
safety, avoidance of work spoilage, long life, coolness, lightness. 
Rod capacity '/i.” to */s” currents 200 to 500 amps. Eye- 
shields for Gas Welding, Cutting and Brazing, spot, gun and 
flash welding, featuring revolutionary design for comfort, wide 
vision and ample ventilation. Hoods for dust and paint spray 
operations. 


*The Jeffrey Manufacturing Co., Columbus, Ohio. Founded in 
1877, the company is the largest plant in the world manufactur- 
ing both mining machinery and material handling equipment; 
chains, transmission and reduction machinery. Branch plants 
in Montreal, Canada, and Wakefield, England. Sales offices, 
distributors, representatives available to every country through- 
out the world. A subsidiary, The Ohio Malleable Iron Com- 
pany, is one of the largest producers of malleable castings. 
Another subsidiary, The Galion Iron Works & Mfg. Co., serves 
the road-building industry. 


The Kelley-Koett Manufacturing Company, Covington, Ky. 
Manufacturers of X-ray apparatus for X-ray inspection of 
welds and castings. Offers standard equipment or specially 
made units engineered to the job. Branch offices and repre- 
sentatives are located in 64 principal cities in the United States 
and Canada. Industrial Management interested in saving 
time and money by using X-ray inspection are invited to write 
direct to the home office, and a representative from the nearest 
office will consult with you. 


M. W. Kellogg Company, 225 Broadway, New York, N. Y., and 
Foot of Danforth Ave., Jersey City, N. J. Complete facilities for 
fabrication of welded pressure vessels, heat exchangers, marine 
and power plant condensers, furnace headers, power and indus- 
trial piping; refractories, brick stacks and high-temperature 
cements. Licensees and engineers for catalytic and thermal 
petroleum refining processes. Contractors for oil refineries, 
power and industrial plants. 


“Kenny Boiler and Manufacturing Co., 423 East 6th St., St. Paul, 
Minn. One of the oldest (67 years) and progressive northwest 
manufacturers and erectors of boilers, tanks, stacks, heat and 
power equipment and steel products. Modern plant with large 
amount of portable equipment for work on all types of boilers 
and tanks, wherever located. Company also relines boilers and 
engages in steel erection. 


*The Kimball Safety Products Company, 7314 Wade Park Avenue, 
Cleveland, Ohio. Manufacturers of various accessories for 
welders to protect their eyes and bodies from injury. Welder’s 

Goggles, Helmets, Gloves, Aprons, Sleevelets, Electrode Car- 

riers and Curtains are among the products manufactured. 


*R. G. LeTourneau, Inc., of Peoria, Illinois, and Stockton, Cali- 


fornia, designer and manufacturer of cable-controlled earth- 
moving equipment: Angledozers, Bulldozers, Carryall Scrap- 
ers, Power Control Units, Rooters, Tournapulls, Tournatrailers 
and Cranes. The entire LeTourneau line is built of special alloy 
steels, patented box beam construction, electric arc-welded 
throughout for extreme ruggedness and long life, with mini- 
mum of weight. LeTourneau’s principle of design and con- 
struction has been job-proved on the world’s toughest road, 
airport, dam, mining and logging jobs since 1929 


*The Lincoln Electric Company, Cleveland, Ohio, specializes in 


manufacture of “Shield Arc’’ dual continuous control welders, 
single-operator variable voltage machines in motor-driven, gas 
engine, Diesel engine and belt-driven models of 75 to 600 amperes, 
capacities N. E. M. A. rating; automatic welders utilizing 
“Electronic Tornado”’ process of carbon arc welding; electrodes 
for all applications of arc welding; accessories and supplies 
of all types for manual and automatic arc welding; also ‘‘Linc- 
Weld” motors for A.C. current; starters and controls 


*The Linde Air Products Company, 30 East 42nd Street, New 


York, N. Y., a Unit of Union Carbide and Carbon Corporation, 
produced the first commercial oxygen by the liquid air process 
in America and is the world’s largest manufacturer of this prod- 
uct. Its 73 plants and 68 warehouse stocks serve every indus 
trial community in the country. A complete engineering and 
practical service is maintained to assist customers in applying 
the oxyacetylene process effectively. Linde also markets Ox- 
weld, Prest-O-Weld and Purox welding and cutting apparatus 
and supplies, Prest-O-Lite dissolved acetylene, Union carbide, 
Carbic and processed carbide, acetylene generators and flood 
lights. 


Link-Belt Company, Chicago, Philadelphia, Indianapolis, San 


Francisco, Atlanta, Dallas. Materials handling machinery; 
power transmitting equipment; dryers; sand washing and sizing 
machinery; cval tipples and washeries; stokers; foundry sand 
preparation and mold handling machinery; coal and ashes 
handling equipment and water screens for power plants; speed 
reducers; variable speed transmissions; chains; sprocket wheels; 
babbitted, ball and roller bearings; pulleys; commercial cast- 
ings; elevators and conveyors; locomotfve and crawler shovels- 
draglines-cranes; crushers; gates and special machinery for 
many purposes. 


*Lukenweld, Inc., Division of Lukens Steel Company, Coatesville, 


Pa. Designers and fabricators of welded steel structures for use 
in various types of machinery and equipment. Lukenweld, 
Inc., has specialized in the design and construction of the difficult 
and unusual in welding, such as welded steel Diesel engine 
frames; underframes and other structural parts for high-speed 
trains; railway truck frames, bolsters and spring planks, con 
tinuous welded frames for presses; welded steel gears, and paper 
machine driers. 


Machinery and Welder Corporation, offices and warehouses lo 


cated at Chicago, Illinois, Moline, Illinois, Milwaukee, Wiscon- 
sin, and St. Louis, Missouri. Distributors of electric and oxy- 
acetylene welding equipment. A complete stock of both 
acetylene and electric welding supplies, including machines, 
accessories and welding wire, is carried at each warehouse. 


Magnolia Airco Gas Products Co., P. O. Box 319, Houston, 


Texas. Produces and supplies Airco high-purity oxygen, nitro- 
gen, hydrogen, argon, neon, helium, krypton and xenon, atmos- 
pheric gases, acetylene, carbon dioxide in liquid and solid 
(“‘Dry-Ice’’) form, carbide, Airco welding and cutting torches, 
pressure regulators and automatic welding and cutting machines, 
acetylene generators, welding and cutting supplies, gas welding 
rods, electrodes and Wilson Arc Welding Machines 


*P. R. Mallory & Co., Inc., Indianapolis, Indiana. Manufacturers 


of a complete line of standard tips and holders for resistance 
welding, also special tips, special dies, standard and special seam 
welding wheels, castings and forgings. Improved high-strength, 
high-conductivity alloys with great wear resistance are em- 
ployed to give maximum service. Elkonite, Elkaloy A, Mallory 
3, 73, and 100 are used as electrode materials. Publishers of 
Resistance Welding Data Book, a popular handbook on resistance 
welding and Spot Welding Aluminum Alloys 


*The Manitowoc Shipbuilding Company, Manitowoc, Wis., is en- 


gaged in the manufacture of Great Lakes and inland waterways 
vessels of all types, as well as certain types of ocean going ton- 
nage for commercial and Government ownership. In addition 
to shipbuilding activities together with related marine repair 
work, this firm manufactures and sells crawler cranes and shovels 
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under the trade name of SPEEDCRANE for the construction 
and material handling fields and also a wide range of paper mill 
and cement mill equipment. 


*Maryland Casualty Company, Baltimore, Md. Providing insur- 
ance and inspection service to boiler and machinery clients, this 
Company has a force of 170 trained engineers throughout United 
States and Canada, in addition to an efficient Home Office engi- 
neering staff. 


*Maurath, Inc., 7309 Union Ave., Cleveland, Ohio. George A. 
(Whitey) Maurath, President and General Manager. Manu- 
facturers of stainless and heat-resisting electrodes, specializing 
and perfecting commercial production and use of electrodes. 
They have a complete plant controlling all the operations from 
the hot mill to the finished product. With their capacity, their 
own wire mill places them in a unique position for producing on 
short notice all the various high alloys. Their product is used 
world wide. 


*The McKay Company, Pittsburgh, Pennsylvania. Plants at 
McKees Rocks (Pittsburgh), Pa., and York, Pa. Manufac- 
turers of Shielded Arc Welding Rods, Automobile Tire Chains, 
Commercial and Industrial Chain of all descriptions. 


*Metal & Thermit Corporation, 120 Broadway, New York, N. Y., 
manufacturers of materials and equipment for thermit welding 
of heavy sections of various metals: railroad and street railway 
rails, housings, frames and beds of heavy machines, crankshafts, 
flywheels, steel mill rolls and pinions, stern frames of ships, etc. 
Manufacturers of Murex heavy coated electrodes for arc welding: 
mild steel, manganese, stainless, nickel, carbon-molybdenum, 
chrome-molybdenum steels, etc. Producers of M & T metals 
and alloys; ferro titanium, vanadium, pure chromium, etc. 


Midwest Piping & Supply Co., Inc., with its general offices in St. 
Louis, Missouri, operates pipe fabricating shops in St. Louis, 
Passaic, New Jersey and Los Angeles, California. These plants 
serve the public utility, oil refinery and industrial fields in their 
respective territories. The company also operates a plant in St. 
Louis in which is produced a complete line of Welding Fittings. 
In addition to the coiling, bending, flanging and welding of pipe, 
the company also engages in the installation of complete piping 
systems, specializing in this activity in the utility and industrial 
fields. 


*Moore Dry Dock Company of Oakland, Calif. Founded in 1909, 
its plants cover 120 acres, equipped with eight large building 
ways, berths for over twenty vessels, dry docks and extensive 
mechanical equipment, including heavy-duty cranes. The com- 
pany is a leader in the application of welding and prefabrication 
toship construction. It is now engaged in building 15 auxiliaries 
for the U. S. Navy and 90 vessels for the U. S. Maritime Com- 
mission, all of them high-speed vessels of the most modern desig n 


*Moore Machinery Co., San Francisco and Los Angeles, Calif., is 
engaged in the engineering and distribution of the proper arc- 
resistance and gas-welding equipment for every application. 
Both offices have in their employ competent engineers to discuss 
and bring to a solution your welding problems. The theory of 
welding and its place in production can be discussed and proper 
recommendations be made over the entire field of welding. 


National Carbide Corporation, 60 East 42nd Street, New York, 
N. Y. Manufactures and distributes National Carbide through 
approximately 250 warehouses located in all principal cities. 
National Carbide is used for generating acetylene, for oxyacet- 
ylene processes, chemicals, house lighting and for miners’ and 
other types of lanterns and floodlights. The Company also dis- 
tributes a complete line of floodlights and railroad lanterns. 


*National Cylinder Gas Company, 205 West Wacker Drive, Chicago 

Ill., operates directly and through subsidiaries, 64 plants, and 
engages in the manufacture of oxygen, acetylene, hydrogen, 
nitrogen, welding electrodes, arc-welding machines, shape cutting 
machines, cutting and welding apparatus, oxygen-producing 
equipment and acetylene cylinders; and sells these products to- 
gether with allied supply lines, as well as propane and carbon 
dioxide. This organization is particularly active in pro oting 
oxygen jet cutting and arc welding. 


National Electric Welding Machines Co., Bay City, Mich. This 

company was organized in 1933, as a manufacturer of all kinds of 
Resistance Welding Machines. This company’s products have 
won great favor by users everywhere. Now engaged 100% on 
War Work, National is producing Spot, Press, Seam, Butt, Flash 
and Special Electric Resistance Welders for Aircraft production, 
Shells, Bombs, Tanks and a great variety of other armament. 


Oakite Products, Inc., 22 Thames St., New York City. 


*Page Steel and Wire Division of American Chain & Cable Co., 
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In addition to its AMERICAN WELDING SOCIETY membership 
National Electric is a member of the Resistance Welder Many. 
facturers’ Association. 


*National Tube Company, Frick Building, Pittsburgh, Pa. Seam. 


less and Welded Steel Tubular Products; Plain Carbon and 
Alloy Steels for Pipe, Mechanical and Pressure Tubes. A wide 
range of diameters, wall thicknesses and lengths, for Water. 
Steam, Gas, Oil, Air, Sprinkler, Refrigeration, high temperature 
and high pressure service and other industrial uses. Suitable for 
bending, coiling, flanging and special fabrication. Ends pre- 
pared for welded, threaded or special types of connections 
Made to Standard Specifications—A. S. T. M.—A. S. M. E 
A. P. I.—U. S. Government. 


*New Orleans Public Service, Inc., 317 Baronne Street, Public 


Utility generating and distributing electrical energy; distribut- 
ing gas and operating combined street car and bus system, all in 
the city of New Orleans. 


*Northern Pump Co., Minneapolis, Minn. (Description not re. 


ceived in time for inclusion in Year Book.) 


In cleaning 
aluminum and aluminum alloys before resistance spot welding, 
a new Oakite process adopted by aircraft and accessory manu- 
facturing plants speeds up production by thoroughly and speedily 
removing oil, grease, identification paint and oxide films safely 
and consistently producing lower surface resistance to assur¢ 
stronger, more uniform welds. Materials also available for c: 
greasing ferrous and non-ferrous parts before inspection, assem- 
bly and finishing; cleaning aluminum before anodizing and mag- 
nesium before other protective surface coating treatment and 
operations. 


Inc., General Offices, Monessen, Pennsylvania. Manufacturers 
of Page Armco and Page Steel Electrodes and Gas Welding Wire; 
Page Hi-Tensile Electrodes which produce welds conforming to 
A. W. S. specifications; Hi-Tensile Gas Wire; Page-Allegheny 
Stainless Steel Electrodes and Gas Wire; also High and Low 
Carbon Wires, Special Analysis Wires, Flat Wire, Special Shapes, 
Bond Wires, Strand, Stainless Steel Wire for mechanical pur 
poses; Industrial Chain Link Fence; Panel Partitions. 


*Paper, Calmenson & Company, Steel Warehouse, 975 E. Seventh 


St., St. Paul, Minn. 


*Penton Publishing Company, Penton Building, Cleveland, Ohio. 


Publishes business papers serving metalworking industries, 
including Steel, a weekly magazine, dealing with production, 
processing, distribution and use of iron, steel and supplementary 
materials; Machine Design, monthly technical journal covering 
design as it affects engineering, production and sales; The 
Foundry, monthly technical journal found wherever metals are 
cast; Daily Metal Trade, daily business paper of ferrous and 
non-ferrous industries; and New Equipment Digest, a monthly 
publication devoted to new industrial equipment. 


Pittsburgh Piping & Equipment Company, 10—43rd Street, 


Pittsburgh, Pa. Manufacturers of Fabricated Piping and Pipe 
Fittings; Fabricating and installing of complete piping systems 
for central stations and industrial plants, including welding of 
carbon and alloy steel piping for the highest pressures and tem- 
perature. Manufacturers of creased bends and superflexible 
corrugated pipe tangents for expansion bends. Manufacturers 


of all types of stainless steel process piping and stainless steel 
fittings. 


*The William B. Pollock Company, 101 Andrews Avenue, Youngs- 


town, Ohio. Established in 1863: Engages in the Engineering, 
Fabricating and Erecting of Steel Plate Construction for Blast 
Furnaces, Steel Plants, Oil Refineries, Chemica! Plants and 
Allied Industries. Also in the manufacture of Hot Metal Cars, 
Cinder Cars and Ladies. The Pollock Company pioneered the 
use of Welded Rolled Steel Construction and use it extensively 
in all their products as well as in the manufacture of large and 
small machinery parts for others. 


*Pullman-Standard Car Manufacturing Company, Chicago, Il. 


Producer of railway passenger and freight cars, of conventional 
or light weight design, fabricated by riveted or welded methods 
Also producers of street cars and trolley busses. Makers of 
wheels, equalizers and forged and machined parts for railway use 
Also tanks, trench mortars, gun carriages, shells and airplane 
wings. Has passenger car plants in Chicago, IIl., and Worcester, 
Mass.; freight car plants in Hammond, Ind., Michigan City, 
Ind., Butler, Pa., Bessemer, Ala., and wheel foundries in Ham- 
mond, Ind., and Michigan City, Ind. 
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Reed Roller Bit Company, P. O. Drawer 2119, Houston, Texas. 


Manufacturers of Rotary Drilling Tools, Valves. Among these 
products are SE Rock Bits for all formations, Rotary Reamers, 
Kor King Core Drill for both soft and hard formations, Tool 
loints—only manufacturers of Shrink Grip and Super Shrink 
Grip, Welded-in Blade Scrape type bits with 2, 3 or 4 blades, 
both pin and box connections. The B-R Drilling-Coring bit 
with Wire Line Retractable Core Barrel. Replaceable Blade 
Bit, Drill Collars, Substitutes and Basket Bits. 


*Republic Steel Corp., Cleveland, Ohio. Divisions include 
Berger Manufacturing Division, Union Drawn Steel Division, 
Steel and Tubes Division, Culvert Division and Niles Steel Prod- 
ucts Division. Subsidiary: Truscon Steel Co. Third largest 
producer of iron and steel products. Specialties include Enduro 
Stainless Steel, Toncan Iron, Republic Alloy Steels, Republic 
Double Strength Steel, Silicon Steels, and Republic Electric 
Resistance Weld Pipe and Tubing. Recent contribution to lit- 
erature on welding is the free booklet, “The Welding of Enduro 
Stainless Steel.” 


The Resistance Welder Manufacturers Association with executive 


office at 505 Arch Street, Philadelphia, Pa., is an association em- 
bracing all principal manufacturers of resistance welding equip- 
ment in the U.S. A. The sole purpose of the association is to 
promote the use of resistance welding in industry and establish 
standards for equipment. It cooperates with engineering so- 
cieties in the establishment of engineering standards, test 
methods and procedure and other engineering activities for the 
advancement of the art of resistance welding. 


Robberson Steel Co., Oklahoma City, Okla. (Description not 


received in time for inclusion in Year Book.) 


*St. Paul Structural Steel Company, 162 York Ave., St. Paul, 
Minn. Fabricators of structural steel for buildings and heavy 
machinery. The firm was founded in 1914 and has grown stead- 
ily since. Being one of the early users of welding in its territory, 
it is one of the more progressive companies in the design and con- 
struction of welded steel buildings. 


Sciaky Bros., 4915 West 67th St., Chicago, Ill., manufactures 


Resistance Welding Machines, Stored Energy Welders with Pre- 
heating, Variable Pressure with Precompression. Company also 
manufactures Seam Welders, Spot Welders, Butt Welders, Flash 
Welders and Portable Welders. 


*The Benjamin F. Shaw Company, 503 East Second St., Wilming- 
ton, Del., are Power Plant and Process Piping Fabricators and 
Contractors, specializing in the prefabrication of carbon steel, 
alloy steel and some of the non-ferrous piping materials, for all 
pressures and temperatures. Complete shop facilities and an 
experienced personnel, including certified welders, assure a 
satisfactory fulfilment of your specifications. 


*Shawinigan Products Corporation, New York City. Pure mate- 
rials and expert craftsmanship developed over a period of 
years assure the satisfactory performance of Shawinigan Car- 
bide. This exact performance of the product has resulted in 
the growth of three huge plants and an efficient organization to 
deliver Shawinigan Carbide when, where and how you want it 


*A. O. Smith Corporation, Milwaukee, Wisconsin. Manufac- 
turers of welded steel products. Pioneered electric welded high- 
pressure vessels for oil cracking and now the leading supplier of 
such vessels. Pioneered electric welded line pipe for gas, oil and 
gasoline. Manufacturers of high yield casing for oil wells. 
Leading producer of pressed steel automobile frames and glass- 
lined steel tanks for the brewing and food industries. 


*S. Morgan Smith, York, Pa. Founded in 1877 by one of the 
pioneer builders of hydraulic turbines, S. Morgan Smith Com- 
pany has grown to be one of the world’s major producers of 
hydraulic turbines and related equipment. The company 
operates a modern manufacturing plant equipped with a wide 
variety of machine tools enabling it to produce large special 
machinery in addition to its regular products, and also a modern 
welding department especially equipped to handle large and 
complicated welding jobs 


“Smith Welding Equipment Corporation, Minneapolis, Minnesota, 

are exclusive manufacturers of a complete line of oxyacetylene 
welding and cutting equipment, acetylene generators and A.C. 
arc welders. This organization has grown with the industry 
and today has authorized distributors in principal distributing 
centers in the United States, Canada, Mexico and many foreign 
countries. All authorized Smith distributors have the services 
of special factory representatives available for consultation on 
customers’ welding problems 
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Square D Company, Industrial Controller Division, Milwaukee, 


Wis. Manufactures a comprehensive line of resistance welder 
control. Contactor line features High-Speed and Syncro-Break 
welder contactors. The Syncro-Break contactor eliminates the 
objectionable arc at the contact tips. Safront weld and sequence 
timers are available in eighteen NEMA standard types, including 
Semiautomatic, Automatic, Repeat and Non-Repeat, weld, 
pulsation and sequence timers. Safront construction affords a 
dead front hinged, swingout timer panel for operator's safety and 
simplicity of installation and maintenance 


*Standard Oil Company of California, 225 Bush St., San Francisco, 


Cal., is engaged in all phases of the oil industry, with distributing 
facilities throughout the West as well as in Alaska, and Ha- 
wail, utilizes welding to a high degree throughout the organiza- 
tion and has made a number of contributions to the develop- 
ment of welding equipment and technique; manufactures Calol 
Cutting Gas, a liquefied natural gas product widely used for metal 
cutting. 


*Stoody Company, Whittier, Calif. Manufacturers of hard-facing 


alloys and wear-resistant castings. Trade names for hard- 
facing alloys are as follows: Borium, Borod, Cobalt Borium, 
Tube Borium, Stoody Self-Hardening, Stoodite, Stoody A.C., 
Silfram, Stoodex, Stoody 6, Stoodite 45, Stoodite 54, Stoodite 63. 
Other products include welding rods, grinders, electrode holders, 
welding jigs and blast cleaning nozzles. 


*Struthers-Wells Corp., Warren, Pa., Titusville, Pa. Engineers and 


producers of all kinds of welded pressure, heat exchange, mixing, 
process and mechanical equipment, boilers, and Marine equip- 
ment. Pioneers in the welded fabrication of steel and iron, the 
high alloys, low alloys, copper alloys, aluminum and hastelloys. 
Complete engineering and production services, welding shops, 
forge shops, machine shops, heat treating furnaces and labora- 
tories for any requirement. 


*Summerill Tubing Company, Bridgeport, Pa. The company was 


first started in 1899 by Frank Summerill in a small shop in 
Philadelphia for the production of small sizes of seamless tubing. 
In 1904 the plant was moved to its present location. It supplies 
steel tubing to the aircraft industry; masufacturers of industrial 
control instruments and gages; fuel injection tubing for Diesel 
engines and high-pressure requirements; tubing for antenna, 
golf shafts, fishing rods and guns; with many special shapes for 
a wide field in general industry 


Sun Oil Company, Philadelphia, Pa., established 1886. Producer, 


refiner and marketer of Blue Sunoco Motor Fuel, Sunoco Mer- 
cury-Made Motor Oil and Sunoco Greases. Sun also manu- 
factures a full line of all types of petroleum products for indus- 
try, and maintains a staff of competent technical representatives 
available for consultation and technical advice regarding the 
application of petroleum to any mechanical operation or process 
Sun operates Refineries at Marcus Hook, Pa., Toledo, Ohio, 
and Yale, Okla., maintaining 94 distributing plants in the 
Eastern United States, and markets its products in approxi- 
mately 50 different countries. 


*Sun Shipbuilding & Dry Dock Company, Chester, Pa. Ships’ 


hulls and equipment completely or partially welded. Welded 
steel products for oil refineries, chemical plants and kindred in- 
dustries made to order for individual requirements. The facili- 
ties of this plant are unlimited for welded equipment as listed 
above and include automatic welding, X-ray and stress-relieving 
equipment for manufacturing largest units that can be shipped 
by rail or water. Extensive experience, in manufacturing to the 
requirements of A. S. M. E. and A. P. I.-A. S. M. E. Codes 


Tampa Shipbuilding Company, Inc., Tampa, Fla., George B 


Howell, President; P. B. Brill, Vice-President and General 
Manager; J. W. Gray, Secretary and Treasurer; R. W. Brendle, 
Welding Engineer. Builders of Naval and Merchant ships and 
floating structures of all kinds; large floating dry dock; complete 
ship repair and conversion division; manufacturers of Heavy 
Duty Hydraulic Pumps; designers, fabricators, engineers; 
specialists in welded ship construction 


*The Taylor-Winfield Corporation, largest manufacturer of elec- 


tric resistance welding machinery in the United States, has its 
main plant and home office in Warren, Ohio. Backed by forty 
years’ experience in design and construction of all types of re- 
sistance welders, the company today offers a wide line of spot, 
projection, butt, flash, seam and special resistance welding and 
heating machines. A completely equipped fabricating division 
in Detroit, Michigan, produces the highest quality welded steel 
construction. 
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*Third Avenue Transit System, 130th Street and Third Avenue, 
New York, N. Y. The Third Avenue Transit System carries 
300 million passengers annually. It operates 225 single track 
miles of electric railways in New York City and municipalities 
north of it. It also operates 200 route miles of buses. Welding 
by electric arc, gas and thermit processes is extensively used in 
its shops and on itstracks. It regards the work of the AMERICAN 
WELDING Society of great value to the transit industry and, 
therefore, carries a sustaining membership in the Society. 


*Titan Metal Manufacturing Company. Manufacturers of Bronze 
Welding Rods, Penn Bronze, Titan Bronze, Titan Manganese 
Bronze and other special bronze rods for special conditions. 
Method of manufacture insures uniformity of all rods. The 
double deoxidizing process practically eliminates all fuming. 


*Treadwell Construction Company, Midland, Pa. Manufacturing 

engineers, designers and fabricators of Steel Mill Equipment, 
Ladles for open hearth and blast furnaces, Oil Refinery, 
Chemical, Process Equipment and Industrial Plate Work built 
to A. S. M. E. and the A. P. I.-A. S. M. E. Codes, Welded Pipe, 
Homogeneously Bonded Lead Lined and Non-ferrous Lined 
Vessels, Barges, Caissons, Drydocks and other types of River and 
Harbor Floating Equipment. Plant located on the Ohio River 
offers the client a choice of water or rail shipment. 


Una Welding, Inc., 1615 Collamer Ave., Cleveland, Ohio. Manu- 
facturers of Automatic Arc Welding Equipment, for ‘Protected 
Arc’ and light coated welding. Also automatic wire for mild 
steel, alloys, stainless, high carbon steels and non-ferrous metals. 


*Union Carbide Division, Union Carbide and Carbon Corporation, 

30 East 42nd Street, New York, N. Y., pioneered in the com- 
mercial production of calcium carbide. Today, Union Carbide 
is the standard generator carbide for domestic and industrial 
uses. Warehouse stocks are maintained in 238 cities throughout 
this country. Union carbide is sold through The Linde Air 
Products Company and The Oxweld Railroad Service Company, 
both Units of Union Carbide and Carbon Corporation. 


*United States Rubber Company, 1230 Sixth Ave., New York. 

Manufacturers of “‘U. S. Royal’ Welding Cable with Tempered 
Rubber Sheath. The U. S. line includes Bare and Weather- 
proof Wire, Rubber Insulated Flexible Cords, Cord Sets, Soft 
Rubber Plugs, U. S. Royal Cords and Cables, U. S. Safecote 
Building Wire, Rubber Insulated Power Cable with braided, 
leaded or non-metallic sheath. Laytex Communication and 
Control Cables, Telephone Wire, and also many types of Rubber 
Insulated Wire and Cable for special applications. 


*Universal-Cyclops Steel Corp., Bridgeville, Pa. and Titusville, Pa. 

Specializes in the manufacture of welding wire in all analyses of 
stainless and electric furnace steels. Complete facilities for 
melting, rolling and cold working. Also makes a full line of 
stainless, tool and other special carbon and alloy steels in the 
form of ingots, billets, plates, sheets, bars, wire and strip—both 
hot and cold finished. Manufacturers of special steels for all 
purposes. 


Victor Equipment Company—Welding Equipment Division— 

844-54 Folsom Street, San Francisco, and 3821 Santa Fe Ave., 
Los Angeles, California, is engaged in the manufacture of the 
complete line of all types and sizes of welding and cutting 
torches, cylinder manifolds, acetylene gas generators, pressure 
reducing regulators for all cylinder gases, including regulators 
for laboratory purposes with delivery pressure ranges as high 
as 5000 Ib. psi. VICTOR equipments have been manufactured 
for over 30 years Over 300 distributors from coast to coast. 


*Virginia Bridge Company, Roanoke, Va., plants at Roanoke, Va., 

Birmingham, Ala., and Memphis, Tenn. Designers, fabricators 
and erectors of steel structures of all kinds, including buildings, 
bridges, tanks, turn-tables, smoke-stacks, stand-pipes, penstocks, 
gas holders, airplane hangars, steel railway cars, car parts and 
underframes, cranes and derricks, steel stadiums. 


*The Wellman Engineering Co., 7000 Central Avenue, Cleveland, 
Ohio. Engineers, Constructors and Manufacturers of Coal and 
Ore Handling Machinery; Steel Works Equipment; Coke Oven 
Machinery, Port and Terminal Equipment; Hoisting Machin- 
ery for Mines; Blast Furnace Skip Hoists; Wellman Me- 
chanically Operated Gas Producers; Wellman-Galusha Clean- 
Gas Generator Plants; Air and Gas Reversing Valves; Open 
Hearth, Soaking Pit and Reheating Furnaces. Charging Ma- 
chines, Ingot, Slab and Wheel Blank Manipulators. ‘‘Williams’’ 
Clam-shell and Dragline types of Excavating Buckets. 


Weltronic Corporation, 3080 E. Outer Drive, Detroit, Mich. 
Manufactures (1) A complete line of electronic timers and con- 


Wilson Welder & Metals Co., Inc., 60 East 42nd Street, New York, 


SUSTAINING COMPANIES 


trols for resistance welding. These include both synchronous 
and non-synchronous types, pulsating and non-pulsating, et¢ 
Weltronic timers are of unit design, assembled on removable 
panels and standard cabinets. (2) ‘‘Frostrode’’ electrode re 
frigeration units. The line of refrigerators for resistance welding 
includes single and multiple units to take care of anything from a 
small welder to a bank of large welders. These units increase 
electrode life and reduce the amount of dressing required. 


*Western Electric Company, Inc., 195 Broadway, New York, N. y. 


Primarily manufacturers of telephone equipment, cable and 
wire; purchasers and distributors of supplies for the Bell System. 
Also manufacturers of certain by-products of the wire communi- 
cations field including: public address and music reproducing 
systems; marine, police, aviation and commercial broadcasting 
radio telephone equipment; vacuum tubes; audiphones, audi- 
ometers, electrical stethoscopes; train dispatching equipment: 
and motion picture sound systems. Principal factories: Haw- 
thorne Works, Chicago, Ill.; Kearny Works, Kearny, N. J.: 
and Point Breeze Works, Baltimore, Md. 


*Western Pipe & Steel Co., Los Angeles, Calif. Plants, located at 


South San Francisco, Los Angeles, Taft, Fresno, Calif., and 
Phoenix, Ariz., are well equipped for heavy plate, structural stee] 
and light sheet fabrication. They are equipped with the latest 
X-ray equipment and stress-relieving furnaces for Class No. | 
welding. Principal products are heavy pressure vessels, boilers, 
electric welded pipe, welded and riveted tanks, bolted tanks, 
water well casing, structural steel and all types of plate and 
sheet fabrication. We are also shipbuilders and outside steel 
construction contractors. 


Westinghouse Electric & Manufacturing Company, East Pitts- 


burgh, Pa., manufacturers of complete A.C. and D.C. arc weld- 
ing machines, electrodes and accessories. Single operator D.C. 
welders, sizes from 150 to 600 amperes, multiple operator type 
from 500 to 2000 amperes. The A.C. transformer arc welders, 
sizes from 100 to 2000 amperes. All types of mild steel, stainless 
steel, hard surfacing and specialty electrodes. Automatic weld- 
ing heads and control including complete equipment for the 
Linde Unionmelt Process. The Westinghouse Company’s wide 
welding knowledge is available as a consulting welding service 


“Wheeling Steel Corporation, General Offices, Wheeling, W. Va. 


Manufacturers in peace time of Hot and Cold Rolled Sheets, 
Galvanized Sheets, Black and Galvanized Merchant Pipe, Line 
Pipe, Casing and Tubing; pipe for special uses including Wheel- 
ing COP-R-LOY pipe and Wheeling Open-Hearth Ammonia 
Pipe; Tin Plate, Terne Plate and Black Plate, including DUC- 
TILLITE; Rods and Wire, including WELDING RODS, Wire 
and Wire Products, Wire Nails, Cut Nails; galvanized Range 
Boilers, Heater Tanks and Steel Barrels. Now engaged 100° 
in war production. 


*Whitehead & Kales Company, River Rouge, Mich., have produced 


large quantities of welded steel products for war purposes 
Among these are jigs and fixtures for use in airplane and tank 
production, machine bases, boat sections, low-bed trailer frames 
of various capacities, bomb hoists, etc. Other interesting prod 
ucts are Tainter-gate anchorages for dam spillways weighing 23 
tons each. Locomotive crane bases weighing approximately 
twelve tons each are another welded product; also square dredge- 
spuds about forty feet in length which, after welding, are stress 
relieved. 


*The Whitlock Manufacturing Company, Hartford, Conn., de- 


signs and manufactures heat exchangers both for high and low 
operating pressures and for high- and low-temperature service; 
also storage heaters, instantaneous heaters, closed feed-water 
heaters, pressure vessels, coils and bends of pipe and tubing 
Copper, Everdur, steel and all workable alloys are fabricated, 
using qualified electric and oxyacetylene welders. X-ray equip 
ment makes it possible for this company to manufacture pressure 
vessels to meet all requirements of the A. S. M. E. Code. 


N. Y. Manufacturers of a complete line of variable voltage 
welding machines, 100 to 800 amp., and 100 to 1000-amp. a. 
transformer welders (conforming to N.E.M.A. Standards 
Also a complete line of Wilson Color-tipt bare, coated and 
shielded arc electrodes and welding supplies. Machines dis- 
tributed in all principal cities by the Air Reduction Sales Com 
pany. 


*The John Wood Manufacturing Company, Inc., Conshohocken, 


Pa. This company manufactures quality welded steel range 
boilers and tanks of every description. Back of that elusive 
word “‘quality’’ stands more than merely the desire to produce a 
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good product. It involves skill, training, facilities, organization 
and a tradition of excellence in manufacture that cannot be 
acquired over night. The seventy-five-year old institution back 
of Electric Weld Products guarantees their quality. 


Wyatt Metal & Boiler Works maintains plants at both Houston 
and Dallas, Texas, for the manufacturing and fabricating of steel 
plate products of welded construction. Plants are equipped to 
handle heavy plate work completely shop fabricated or field 
erected. Stress relieving and Radiographing facilities for manu- 
facturing vessels in accordance with A. S. M. E. and A. P. I.- 
A. S. M. E. Codes. Engineers thoroughly conversant with all 
phases of design are at the disposal of any one needing this 
service. 


*York Ice Machinery Corporation, York, Pa. This company builds 
a complete line of industrial and commercial refrigerating equip- 


ment; year ‘round air conditioning systems for commercial, 
industrial and domestic use; dairy and ice cream machinery; 
ammonia and Freon valves, fittings and accessories. These 
products include a great variety of pressure vessels and piping 
in the fabrication of which welding is employed extensively. 
Branch sales offices or distributors in all principal cities 


*York Safe and Lock Co., York, Pa. Manufacturers of fire 


resistive safes and vault doors, burglary resistive safes, chests, 
bank vault doors, etc. Builders of the world’s greatest vaults. 
Quality and protection are the prime considerations for York 
products. Also are producing matériel for War Program in 
cluding welded anti-aircraft gun carriages, welded anti-tank gun 
carriages, and several other items of ordnance. All welding to 
government specifications requiring qualification of welders, 
X-ray, and Magna-flux examination, etc 


Why You Should Belong to 


THE AMERICAN WELDING SOCIETY 


Tue AMERICAN WELDING SOCIETY, an organization devoted to 
the advancement of the science and art of welding, started twenty-two 
years ago with 217 members. It now has 4800. Under the stimulus of the 
defense program, welding assumes new importance in industry, and mem- 
bership in the Society takes on added lustre. 


That membership offers (a) An opportunity for personal association with 

leaders of the industry, and exchange of information and ideas. (b) Means» 
of keeping informed on latest developments. (c) Chance to assist through 

cooperative effort in increasing the knowledge of welding, and extending 

its applications. (d) Assistance in the development and use of codes and 

standards. (e) An opportunity through cooperative action to secure ma- 

terial benefits at a minimal cost. 


The research work of the Society is vast and almost beyond description. 
The Journal, published monthly and free to members, is a virtual com- 
pendium of welding practice. The Welding Handbook, also free to mem- 
bers (other Grades $4) costs outsiders $6 in the United States and $6.50 
elsewhere. Even one new idea derived from the sectional and national 
meetings may repay your membership for many years. 


The Society is the authoritative spokesman for codes and specifications. 
The membership-certificate lends prestige to individuals and companies 
alike. Sustaining memberships are $100, Memberships are $15, Associate 
memberships are $10, Operating memberships are $5, and Student mem- 
berships are $2.50 annually. 


Engineers, production-men, purchasing agents, draftsmen, presidents of 
companies, foremen and welders, professors and students, researchmen, 
inspectors, and contractors . . . all, in fact, who are interested in welding 
and its further advancement are urged to join the American Welding 
Society. Informative booklet on request. 


J. D. TEBBEN, Chairman Membership Committee 
THE AMERICAN WELDING SOCIETY 
33 West Thirty-Ninth Street 
New York, N. Y. 
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BIRMINGHAM 3rd Fri. 


CHAIRMAN—F. E. McAteer, Chicago 
Bridge & Iron Co., 1564 N. 50th St., 
Birmingham, Ala. 

SECRETARY-TREASURER—W. L. POOLE, 
Air Reduction Sales Co., 2825 N. 29th 
Ave., Birmingham, Ala. 


BOSTON 2nd Mon. 


CHAIRMAN—P. L. F. Feyirne, 140 Gil- 
bert Rd., Belmont, Mass. 

SECRETARY—P. N. Ruocco, 22 Eastern 
Ave., Wakefield, Mass. 


CANAL ZONE Ist Tues. 


CHAIRMAN—CLIFFORD B. JONES, Box 
533, Diablo Heights, Canal Zone 

SECRETARY—R. E. Box 924, 
Diablo Heights, Canal Zone 


CHATTANOOGA, TENN. Ist Wed. 


CHAIRMAN—Roy LoRENtTz, Combus- 
tion Engineering Co., Chattanooga, 
Tenn. 

SECRETARY-TREAS.—A. R. McLain, 14 
S. Brooks Ave., Chattanooga, Tenn. 


CHICAGO 3rd Fri. 


CHAIRMAN—ErIc R. SEABLOOM, Crane 
Co., 836 S. Michigan Ave., Chicago, 
Ill. 

SECRETARY—T. B. JEFFERSON, The 
Welding Engineer, 506 S. Wabash 
Ave., Chicago, Il. 

CINCINNATI, OHIO 


CHAIRMAN—R. L. Kirsy, R.F.D. No. 1, 
Box 131, Sharonville, Ohio 

SECRETARY—GEo. A. Jacopy, 1743 S 
Derexa Drive, Hamilton, Ohio 


CLEVELAND 2nd Wed. 


CHAIRMAN—R. J. Kriz, James Herron 
Co., 1360 W. 3rd St., Cleveland, Ohio 
SECRETARY-TREAS.—A. LESLIE PFEIL, 
Universal Power Corp., Cleveland, 
Ohio 
COLORADO 3rd Wed. 


CHAIRMAN—J. H. JOHNSON, Johnson 
Supply Co., Denver, Colo. 


COLUMBUS, OHIO and Fri. 


CHAIRMAN—CLAY W. Rosperts, Penn- 
sylvania R. R., Columbus, Ohio 

SECRETARY—G. S. HERREN, The Sea- 
grave Corp., Columbus, Ohio 


CONNECTICUT Ist Tues. 


CHAIRMAN—B. H. Perry, Bigelow- 
Sanford Carpet Co., Thompsonville, 
Conn. 

SECRETARY—J. IMPERATI, American 
Brass Co., Ansonia, Conn. 


DETROIT Ist Fri. 


CHAIRMAN—O. L. Situ, Weldit Acety- 
lene Co., 638 Bagley Ave., Detroit, 
Mich. 

SECRETARY—G. N. Srecer, S-M-S 
Corp., 1165 Harper Ave., Detroit, 
Mich. 

GEORGIA Ist Fri. 


CHAIRMAN—RALBIGH DRENNON, 357 
W. Peachtree St., N. E., Atlanta, Ga. 
SECRETARY—EpWARD GuILLOTT, 282 
Spring St., N. W., Atlanta, Ga 
HAWAII Last Thurs. 
CHAIRMAN—GEORGE GLOVER, W. A. 
Ramsay, Ltd., Honolulu, T. H. 
SECRETARY—ALAN G. Hawai- 
ian Gas Products Co., P. O. Box 2454, 
Honolulu, T. H. 
INDIANA 3rd Fri. 


CHAIRMAN—E. F. Gityeat, J. D. Adams 
Mfg. Co., Indianapolis, Ind. 

SECRETARY—H. D. Weep, P. R. Mal- 

lory & Co., Indianapolis, Ind. 


Sectio NS—CHAIRMEN, SECRETARIES AND REGULAR MEETING DATES 


KANSAS CITY, MO. Ist Tues. 


CHAIRMAN—WyM. S. Farr, Air Reduc- 
tion Co., Kansas City, Mo. 
SECRETARY—EpDGAR H. FInay, Finlay 
Engineering College, 1001 Indiana 
Ave., Kansas City, Mo. 
LAKE SHORE 


CHAIRMAN—FRED HERBST, JR., 
Mullen & Pitz Construction Co., 923 
Commercial St., Manitowoc, Wis. 

LOS ANGELES 3rd Thurs. 

CHAIRMAN—F. H. STEVENSON, Vega 
Aircraft Co., Burbank, Calif. 

SECRETARY—E. O. WILLIAMS, Victor 
Equipment Co., Los Angeles, Calif. 

LOUISIANA Ist Fri. 


CHAIRMAN—G. O. Hvet, Higgins Indus- 
tries, Inc., 1755 St. Charles Ave., New 
Orleans, La. 

SECRETARY—A. E. ABauNzA, Gulf Engi- 
neering Co., 916 Peters St., New 
Orleans, La 

MARYLAND 3rd Fri., except April 

CHAIRMAN—A. R. Wynn, 913 N. Hill 
Rd., Baltimore, Md. 

SECRETARY—VAN RENSSELAER P. SAXE, 
100 W. Monument St., Baltimore, 
Md. 

MILWAUKEE 3rd Fri. 


CHAIRMAN—KEITH WALKER, 3721 S. 
Herman St., Milwaukee, Wis. 
SECRETARY—GILBERT F. MEYER, Ma- 
chinery & Welder Corp., Milwaukee, 
Wis. 
NEW YORK 2nd Tues, except when 
Joint Meeting is held 
CHAIRMAN—W. A. Howarp, Socony 
Vacuum Oil Co. Inc., 412 Greenpoint 
Ave., Brooklyn, N. Y. 
SECRETARY—GEORGE SYKEs, The Linde 
Air Products Co., General Publicity 
Dept., 30 E. 42nd St., New York, 
N. Y. 
NORTHWEST 3rd Wed. 


CHAIRMAN—C. E. Comrort, St. Paul 
Structural Steel Co., 162 York Ave., 
St. Paul, Minn. 

SECRETARY—ALEXIS CASWELL, Manu- 
facturers’ Assoc. of Minn., 200 Build- 
ers Exchange Bldg., Minneapolis, 
Minn. 

NORTHERN NEW JERSEY 3rd Tues. 


CHAIRMAN—T. B. Federal Ship- 
building and Drydock Co., Kearny, 
N. J. 


SECRETARY—W. H. Hart, Chas. W. 
Krieg Co., 52-60 Dickerson St., 
Newark, N. J. 

NORTHERN NEW YORK Last Thurs. 

CHAIRMAN—M., F. Sayre, Union Col- 
lege, Schenectady, N. Y. 

SECRETARY—R. S. Petron, General 
Electric Co., Schenectady, N. Y. 

OKLAHOMA CITY First Thurs. 

CHAIRMAN—FRANCIS SPREHE, Midwest 
Steel Co., 2 N. Indiana Ave., Okla- 
homa City, Okla. 

SECRETARY—Howarp N. Srums, Box 
1714, Oklahoma City, Okla. 

OMAHA 


CHAIRMAN—B. L. Fucus, Fuchs Ma- 
chinery & Supply Co., 15th & Jackson 
Sts., Omaha, Neb. 

SECRETARY—GEORGE A. TuHrapp, The 
Baldach Co., 1201 California St., 
Omaha, Neb. 

PEORIA—CENTRAL ILLINOIS 

CHAIRMAN—CLIFFORD WIMMER, 
Ann St., Peoria, Ill. 

SomMMER, 207 N. 

Bourland Ave., Peoria, Ill. 
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PHILADELPHIA 3rd Mon. 


CHAIRMAN—H. W. Prerce, New Vork 
Shipbuilding Corp., Camden, N. J 


SECRETARY—H. Carey Boss, 248 
Rhoads Ave., Haddonfield, N. J 
PITTSBURGH Middle Wed. 


CHAIRMAN—F. H. American 
Bridge Co., Ambridge, Pa. 

SECRETARY—J. F. MINNOTTE, Min- 
notte Bros Co., 1201 House Bldg, 
Hays (Pittsburgh), Pa. 


PUGET SOUND 


CHAIRMAN—SYDNEY K. Ameri- 
can Bureau of Shipping, 1727 Fx. 
change Bldg., Seattle, Wash. 

SECRETARY-TREAS.—JOHN NELSON, Air 
Reduction Sales Co., 3623 E. Margi- 
nal Way, Seattle, Wash. 


QUAD CITIES 


SECRETARY—J. W. SwHucars, Lincoln 
Electric Co., Moline, Ill. 


ROCHESTER, N. Y. Ist Thurs. 


CHAIRMAN—R. L. CATTANACH, Ameri- 
can Laundry Mach. Co., 110 Buffalo 
Rd., Rochester, N. Y. 

ACTING SECY.—HAROLD J. KING, Uni- 
versity of Rochester, Engineering 
Dept., Rochester, N. Y. 


SAN FRANCISCO Last Fri. 
CHAIRMAN—FRANK LONGO, Southern 
Pacific Co., San Francisco, Calif. 
SECRETARY—R. LaABAGH, Victor 
Equipment Co., 844 Folsom St., San 
Francisco, Calif. 


ST. LOUIS 2nd Fri. 
CHAIRMAN—A. S. SCHWARZ, John 
Nooter Boiler Works Co., St. Louis, 
Mo. 
SECRETARY—H. C. Ciose, Machinery & 
Welder Corp., 700 S. Spring Ave., 
St. Louis, Mo. 


SOUTH TEXAS 


CHAIRMAN—J. M. HuGHEN, Penn Ship- 
yard, Inc., Beaumont, Tex. 

ACTING sEecy.—GiIL V. Dye, 1109 Austin 
Ave., Houston, Tex. 


TULSA, OKLA. 


SECRETARY—JAMES B. Davis, Tulsa Test- 
ing Labs., Tulsa, Okla. 


WASHINGTON, D. C. 2nd Tues. 
CHAIRMAN—Wws. E. 2909— 
5th St., S. E., Washington, D. C 
SECRETARY—B. J. Brucce, 410 Hill 
Building, 17th and I Sts., N. W., 
Washington, D. C. 


WESTERN NEW YORK 3rd Fri. 
CHAIRMAN—JOHN Bos, Jr., 69 Westfield 
Rd., Eggertsville, N. Y. 
SECRETARY—R. S. LANE, Ross Heater & 
Mfg. Co., 1407 West Ave., Buffalo, 


WICHITA, KAN. 
SECRETARY-TREAS.—R. L. TOWNSEND 
829 S. Madison St., Wichita, Kan 


YORK—CENTRAL PA. 


CHAIRMAN—W. E. HOLLINGSHEAD, 5 
Morgan Smith, York, Pa. 

SECRETARY—C. E. Lewis KERCHNER, 
290 W. Cottage Place, York, Pa. 


YOUNGSTOWN, OHIO 2nd Mon. 


CHAIRMAN & ACTING SECRETARY—T. 
D. FEATHERINGHAM, Youngstown 
Welding & Eng. Co., Youngstown 
Ohio 
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HE Welding Research Committee was organized 
in 1935 by the Engineering Foundation and spon- 
sored jointly by the AMERICAN WELDING SocIETy 

and the American Institute of Electrical Engineers for 

providing united and cooperative action in dealing with 
welding research matters. Its activities are divided into 
three branches: Literature, Fundamental Research and 

Industrial Research. 


WHY WELDING RESEARCH 


The welding and allied industries have, and are, con- 
ducting research for a number of reasons, of which the 
following are merely suggestive: 


1. To overcome difficulties. 

2. To extend the applications of welding in new 
fields. 

3. To improve welded products. 

To save weights in fabricated structures where 
additional weights are a continuing burden 
ships, trains, aircraft, automotive, military 
equipment and the like. 

5. To lower costs either by savings in material or 
labor; by improved methods or by speeding up 
production. 

6. To learn the best way of fabricating newer steels 
and non-ferrous materials. 

7. To promote safety. 

8. To permit increased efficiency in other industries 
as, for example, high pressure combined with 
high temperature. 

9. To provide the engineer with a fundamental basis 
for design. 

10. To convince skeptics and regulatory bodies. 

ll. To bring about a better understanding as to the 
reason why of things. 

12. To meet the needs of some other industry. 


WHY A WELDING RESEARCH COMMITTEE 


There are many opportunities for service by a coopera- 
tive group such as the Welding Research Committee, of 
which the following are merely examples: 


1. To make available to the research worker in uni- 
versity, governmental and private laboratories 
the results of research work reported in the lit- 
erature of the world, in condensed usable form. 

2. To make available to the engineer the best infor- 
mation that already exists as a result of past 
research. 

3. To prevent unnecessary duplication of research 
work on problems of general interest. 

4. To distribute the cost of needed research so that 
the burden on any one organization will not be 
great. 

o. To bring to bear upon the solution of complex 
welding problems the wisdom and knowledge of 
many minds and experts from many branches of 
science. 

6. To bring together in common council the repre- 
sentatives of manufacturers of materials to be 


THE ENGINEERING FOUNDATION 
Welding Research Committee 


Sponsored by the American Welding Society and the American Institute of Electrical Engineers 


10. 


It would be impossible to accurately appraise the work 
of the Welding Research Committee on a dollar-and- 


welded, the fabricator, the manufacturer of 
apparatus and welding supplies, the research 
man, the engineer, the user, representatives of 
regulatory bodies and others interested, so that 
research may be suitably planned and results 
universally accepted. 

To act as a clearing-house for the publication and 
dissemination of research reports and informa 
tion so that the entire industry may benefit, 
regardless of original source or purpose of the 
investigation. 

To provide a forum whereby the research worker 
may report and obtain credit for work accom- 
plished. 

To train young men needed by industry 

To distribute needed research among several lab 
oratories so as to hasten solution. 

To carry out research aimed at securing funda- 
mental information which does not have an 
immediate dollar-and-cents value but which, in 
the long run, may be vastly more important. 

To provide a mechanism for the conduct of re 
search in those fields, or on those subjects, 
which should be free from the taint of com 
mercialism. 


FUNDS 


TOTAL NO. CLASSED 
NEW STEEL VESSELS 
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Research Has Been an Important Factor in the Increased Use of Welding 


VESSELS UNDER 300 FEET- BARGES-TOWBOATS-ETC. 


Courtesy American Bureau of Shipping 


in Ship Construction 
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cents basis. The budget calls for a total annual expendi- 
ture of the order of $208,677, exclusive of contributed 
services and travel. However, this amount is only a 
small fraction of the total funds involved in its program. 
For example, it would be difficult to appraise how much 
research work is stimulated in private companies, or 
governmental departments, as a result of the work of 
the various committees and divisions of the Welding 
Research Committee. It would be equally impossible 
to correctly appraise the value of making available the 
results of hundreds of thousands of dollars worth of re- 
search that is being conducted all over the world in the 
welding field and reported in the literature. That the 
work of the Welding Research Committee is steadily 
being appreciated is indicated by the fact that during 
the past three years the number of subscribing organiza- 
tions and companies increased from 37 to 82. 
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Number of Subscribers to 
Welding Research Committee Activities 


By distributing the cost among a number of companies, 
the burden on any one company is small and insignificant 
as compared with the value of the results received. 

Engineering Foundation acts as treasurer for the funds 
of the Welding Research Committee. 

Contributions may be made to the Main Committee, 
or earmarked for specific investigations. Checks may be 
sent to The Engineering Foundation—Welding Research 
Committee, 29 West 39th Street, New York, N. Y. 


REPORTS 


The results of the work of the Welding Research Com- 
mittee are made available to industry in many ways. 
The Committee issues regularly a monthly bulletin vary- 
ing from 32 to 96 pages, journal size (9 x 12). These 
bulletins are disseminated throughout the world as Sup- 
plements to THE WELDING JOURNAL, and are distributed 
to all research workers affiliated with the Committee and 
its divisions, as well as to the subscribers. In addition, 
some papers resulting from important research investiga- 
tions are issued in separate bulletins, or book form. 
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WELDING RESEARCH COMMITTEE 


The Fundamental and Industrial Research Divisions 
also present their best reports in the form of interesti; ng 
papers before the Annual Meetings of the America, 
WELDING Society. These are made available to all sy} 
scribers in the regular Research Supplement. 

The reports of the Literature Division are first issued 
in mimeographed form and distributed widely to some 
two hundred experts in each specific field for comments 
and revision. The revised digests are later published in 
the Research Supplement. 

Through an arrangement with the American Institute 
of Steel Construction reports issued by that body relating 
to welding are also made available. 


RESEARCH INFORMATION SERVICE 


The Welding Research Committee conducts a research 
information service of benefit to its subscribers and re 
search workers in the universities and to those serving 
on its committees. Brief bibliographies are prepared 
when requested, as well as pertinent information relating 
to specific questions. This service has been extremely 
valuable to a number of companies. 


COOPERATION WITH OTHER NATIONAL SOCIETIES 


Although the Welding Research Committee is jointly 
sponsored by the AMERICAN WELDING Society and the 
American Institute of Electrical Engineers it enjoys the 
fullest cooperation of other scientific bodies and national 
engineering organizations, as well as trade associations 
Among these may be mentioned: 


American Bureau of Shipping. 

American Institute of Steel Construction, Inc. 

American Iron and Steel Institute. 

American Petroleum Institute. 

American Society of Civil Engineers. 

American Society of Mechanical Engineers—Boiler 
Code Committee 

American Society for Metals. 

American Society for Testing Materials. 

American Transit Association. 

Association of American Railroads 

National Research Council. 

Resistance Welder Manufacturers’ Association. 

Steel Founders’ Society of America. 


These organizations have been most helpful in bringing 
to the attention of the Committee needed research prob- 
lems, in making small grants (in a few instances these 
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grants are quite large), in the publication of results, in 
arranging symposia, and in many other ways. Thus 
the work of the Welding Research Committee becomes 
truly a cooperative venture. 


GOVERNMENT COOPERATION 


Of growing importance is the cooperation of the U. S. 
Government in the work of the Welding Research Com- 
mittee. Following is a list of some of the governmental 
departments which are actively cooperating, either 
through direct financial support or in other ways: 


National Advisory Committee for Aeronautics. 
National Defense Research Committee. 
Public Roads Administration 
U.S. Navy Department: 

Bureau of Aeronautics. 

Bureau of Ships. 

Bureau of Yards and Docks. 

Experimental Model Basin. 

Naval Gun Factory. 

Naval Research Laboratory, Anacostia Station. 
Army: 

Ordnance Department. 

Watertown Arsenal. 

Wright Field. 


U. S. Department of Commerce: 
Bureau of Marine Inspection and Navigation. 


U. S. Maritime Commission. 


Anticipating the needs of industry and the government 
in cooperative research matters in the welding field, the 
Welding Research Committee built an organization to 
utilize the leading scientific welding research talent of 
this country, and the facilities of university, private and 
government laboratories, Elsewhere there are given the 
reports of the Welding Research Committee and its three 
divisions which indicate the many ways in which the 
machinery and facilities of the Welding Research Com- 
mittee are being utilized in National Defense work. 


COOPERATION WITH FOREIGN RESEARCH 
COMMITTEES 


Before the current war the Welding Research Com- 
mittee maintained the closest relationships with corre- 
sponding research committees in the principal countries 
of Europe. At present an exchange exists between the 
United States and a similar committee in Great Britain. 
A number of valuable reports have been brought to the 
attention of our American research workers in this way, 
thus saving the necessity for duplicating welding research 
work amounting to many thousands of dollars. 


LITERATURE DIVISION 


The purpose of this division is to make available in 
convenient condensed form the welding knowledge con- 
tained in the literature. These Reviews of the Literature 
Serve many useful purposes, among which may be listed: 


l. They bring to the engineer the best information 
existing which can be used by him in his work, thus en- 
abling him to have at hand the combined experiences of 
many people and the results of thousands of dollars 
worth of investigational work. 

2. They give the research man a basis of operation 
thus enabling him to profit by the experiences and mis- 
takes of other investigators, and to build his research 
program on a sound foundation. 


ANNUAL REPORT 


3. They give to students a condensed useful digest 
of information existing on a specific subject, together 
with a selected bibliography. 

4. They indicate gaps in the knowledge where further 
research work is needed. 


Sixty Reviews of the Literature on specific subjects 
have been issued to date. 


FUNDAMENTAL RESEARCH DIVISION 


This Division is a carry-over from the American Bu- 
reau of Welding and has many accomplishments to its 
credit. The work now comprises more than 55 active re- 
search projects in 27 universities of this country. In 
addition to the direct results of these investigations, they 
serve as a means of educating professors and students of 
the institution in question, thus providing a supply of 
young engineers who are familiar with welding. How- 
ever, a considerable number of these researches have de- 
veloped data, methods of analysis, and information as 
to the nature of the phenomena involved, which, all told, 
constitute a major contribution to those industries con- 
cerned with welding. More than 150 important reports 
have been issued. 

Perhaps nothing suggests the expansion of interest in 
welding so much as the increasing participation of the 
Committee in fundamental research. Not only are more 
research laboratories constantly embarking upon welding 
research, but the scale of the individual researches has 
been growing. Asa result, the Committee has been able 
in recent years to grant financial aid to about five uni- 
versity researches on welding each year. Their researches 
have been in the fundamental subjects of physics and 
metallurgy. The Committee hopes to expand its as- 
sistance to fundamental research in the future, believing 
that advance in applied research depends to a large ex- 
tent on progress in the fundamentals. 

This year the Committee has developed a program of 
research in three leading universities designed to develop 
information on optimum welding conditions for a variety 
of steels under various field and shop conditions. The 
problem of residual stresses is being tackled along funda- 
mental lines in a fourth university. The U.S. Govern- 
ment has manifested keen interest in this work and is 
supporting an accelerated program of investigations on 
weldability. 


INDUSTRIAL RESEARCH 


The purpose of this division is to coordinate industrial 
research without trespassing upon fields of a temporarily 
confidential nature. Its functions are carried out in three 
ways: 

1. Stimulation of research on selected phases of weld- 
ing, and publication of the results in the form of 
papers and reports. 

2. Arranging symposia on selected subjects as, for 
example, Impact Tests, and Weldability of 
Steels. 

3. Conducting large research projects of broad general 
importance, as, for example, Fatigue Research, 
Stresses in Welds, Carbon Manganese (Weld- 
ability) Resistance Welding, Structural Steel, 
and Aircraft Welding Research. 


— 


The work of this division is carried out through the or- 
ganization of suitable committees. 

It can be safely stated that a large percentage of the 
outstanding leaders of industrial research in the welding 
field have been drawn into the picture to serve on one or 
more of these various committees. 
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‘ X Y ELDING is one of the principal tools which 
has made possible our present war production 
schedule of ships, tanks, planes, guns and 
ammunition, together with many of the other accessories 
necessary for mechanized warfare. About two years ago 
when it became evident that the United States must in- 
evitably be dragged into the conflict, the Welding Re- 
search Committee began to organize its activities with 
the definite thought in mind of solving the many impor- 
tant welding problems that would be raised in connection 
with the war effort. It is difficult to appraise the impor- 
tance of this head start. 

In this work each of the divisions of the Welding Re- 
search Committee, as well as the Main Committee it- 
self, played an important part. For example, the Litera- 
ture Division made available the best existing knowl- 
edge on European methods of welding armor plate, and 
other alloy steels used in the war effort, as well as the 
effect of each alloying element. This has enabled our 
experts to take into account the best way of saving 
strategic alloying elements without sacrificing weld- 
ability and the necessary physical properties. 

The Fundamental Research Division, realizing that 
it would be necessary to predict the weldability of any 
new steel, and to specify the exact procedure to follow 
in order to get the best results, outlined a comprehensive 
fundamental research program, and by initiating such a 
program, in spite of serious financial obstacles, saved at 
least nine months of precious time. 

The Industrial Research Division was in a particularly 
unique position to organize new committees, and ar- 
ranged the activities of existing committees to solve 
specific welding problems relating to resistance welding, 
aircraft applications and the subjection of welds to dy- 
namic stresses. 

The Welding Research Committee is receiving sub- 
stantial support from numerous governmental agencies 
in its research work. At times it has appeared best to 
some of these departments to take a more active hand 
in the guidance of this work. Without hesitation, in such 
instances, the Welding Research Committee has re- 
linquished control and acted in an advisory capacity. 
It will continue to do everything in its power to assist 
in the war effort, and to operate in such ways as seem 
best to the controlling governmental agencies. 

More than ever, it needs the support of Industry to 
dig a little more deeply into some fundamentals which 
cannot be strictly labeled, “immediate war needs,’’ but 
which, in the long run, will assist in this war effort and 
in peacetime activities. Dozens of instances could be 
cited where this support is of paramount importance. 

In spite of the restrictions upon its research program, 
nevertheless the Committee has been able to issue, 
during the past year a total of 620 journal-size (9 x 12) 
pages. This compares favorably with 608 pages issued 
during last year ended December 31, 1941. These re- 
ports are divided as follows: 


16—Main Committee. 

23—Fundamental Research. 

24—-Industrial Research. 
6—Literature Reviews. 
2—Translations. 


In addition to the translations printed in the Supple- 
ments, 6 translations were mimeographed and widely 
distributed. A complete list of the reports issued by the 


Brief Progress Report for the Year 1942 


Welding Research Committee and its Divisions is given 
elsewhere. 

It is increasingly difficult for a cooperative organiza. 
tion such as the Welding Research Committee to make 
demands upon the time of busy executives and scientists 
in connection with research matters, unless the execy- 
tives and experts are convinced that the work is of direct 
aid to war production. Fortunately, the Welding Re- 
search Committee continues to enjoy this cooperation 
not only on the part of individuals, but, also, on the part 
of the major engineering societies directly, or indirectly, 
interested in the work of the Committee. 

The affiliation with Engineering Foundation is un- 
questionably an important factor. This continued 
support serves as an inducement to other organizations 
to continue their support. Mention should also be made 
that the Welding Research Committee is continuing its 
harmonious relationship and exchange of information 
with the Welding Research Council of Great Britain. 

Victory is in no small measure dependent upon the 
appropriate use of welding as a production tool. For- 
tunately, the Welding Industry has always been research 
minded, but it cannot afford to relax its efforts in seeking 
new knowledge of how to do things better, faster and at 
lower cost. 


Estimated Budget for 
the Year Commencing 


October 1, 1942 


Anticipated Estimated 
Contributions Cost of 
In Cash In Kind Project 


Welding Research Com- 
mittee: $ 19,677.60 $ 9,500 $ 29,177.60 
Administration, Pub- 
lications, Literature 
Work Servicing Sub- 
scribers Researchers 
and Committees 
Projects: 
Weldability—Stress 45,200. 4,500. 49,700 
Miscellaneous Univer- 
sity Research Proj- 
ects and Grants-in- 


Aid 6,000. 3,000. 9,000 
Structural Steel: 3 Fel- 
lowships 3,500. coll 3,500 
Carbon Manganese 
(Weldability) 13,000. 5,000. 18,000 
Weld Stresses 4,000. 1,000. 5,000 
Non-destructive Tests sate 1,500. 1,500 
Fatigue Testing (Struc- 
tural) 14,300. 3,500. 17,800 
Aluminum Alloys vais 2,000. 2,000 
Resistance Welding 10,500. 13,000. 23,500 
High Alloys 6,000. 2,000. 8,000 
Nickel Alloys 5,000. ee 5,000 
Aircraft Fusion Welding 1,000. as 1,000 
Aircraft Resistance 
Welding 33,000. 2,500. 35,500 
TOTAL $161,177.60 $47,500. $208,677 . 60 


Nore 1—Of the $161,177.60 in cash, $65,277.60 will be handled 
by Engineering Foundation, and $95,900 will be paid direct to 
the research laboratories. 

Note 2—All estimates are exclusive of time and travel ex- 
penses of committee members. 
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MAIN COMMITTEE REPORTS PUBLISHED IN THE 
WELDING RESEARCH SUPPLEMENT 


Divergent Nozzle Tips for Economical Oxygen Cutting, by J. J 
Crowe, G. M. Deming and J. K. Hamilton, January 1942, pp 
34-s to 43-s. 

An Investigation of Welded Connections for Angle Tension 
Members, by G. J. Gibson and B. T. Wake, January 1942, pp 
44-s to 49-s. 

Plug Weld Test, by W. E. Riley, January 1942, pp. 53-s to 55-s. 

The Tee-Bend Test to Compare the Welding Quality of Steels, 
by George A. Ellinger, A. G. Bissell and Morgan L. Williams, 
March 1942, pp. 132-s to 160-s. 

New Method of Cleaning Alclad for Production Spot Welding, 
by Fred Morris, April 1942, p. 197-s. 

“The Spot Welding of N-A-X High-Tensile Steel, by W. F. Hess 
and C. R. Schroder, April 1942, pp. 203-s to 208-s. 

A Welding Flux for Sulphur :Contaminated Steels, by Isaac 
Bencowitz, May 1942, pp. 237-s to 241-s. 

Spot Welding of N-A-X High-Tensile Steel—Second Report, by 
W. F. Hess and C. R. Schroder, May 1942, pp. 241-s to 244-s. 

Welding of Light Gage Stabilized Stainless Steel, by S. L. Rich, 
June 1942, pp. 265-s to 268-s. 

A Quick Method of Comparing Weldability of Substitute Steels, 
by A. B. Kinzel, June 1942, pp. 286-s to 287-s. 

Device for Measuring Tip Force and Current in Spot Welding, 
by Halley Wolfe and R. W. Powell, June 1942, pp. 293-s to 296-s. 

Effect of Zinc Chromate Paint on Welding, by C. T. Gayley, 
September 1942, pp. 434-s to 439-s 

Resistance Welding Trench Mortar Fin Assemblies, by J. H 
Cooper, October 1942, pp. 501-s to 506-s. 

The Effect of Weld Spacing on the Strength of Spot-Welded 
Joints, by R. Della-Vedowa and M. M. Rockwell, October 1942, 
pp. 514-s to 523-s. 

Weldability of Some Low-Alloy Steels, by J. S. Vatchagandhy 
and G. P. Contractor, November 1942, pp. 561-s to 572-s 

Arc Welding of Magnesium Alloys, by W. S. Loose and A. R. 
Orban, December 1942, pp. 598-s to 607-s 


Literature Division 


ITH the completion of its work now under 
way, the Literature Division believes that it 
has made available in readily usable condensed 
form the most important information existing in the 
world’s literature on welding research. Some of the 
Reviews of the Literature are now several years old. In 
normal times the more important of these would have 
been brought up to date. However, because of the pres- 
ent emergency, and the unavailability of important for- 
eign literature, it seems best to suspend for the time be- 
ing, the activities of the Literature Division, except on a 
very limited scale. 
During the past year 6 Reviews of the Literature were 
published. A list is given elsewhere. In addition, there 
are in preparation the following reports: 
Welding Low-Alloy Steels 
Physics of the Arc and the Transfer of Metal in Arc 
Welding 

The Use of Tubular Steel Sections in Structures 

Third Review of the Literature on Resistance of 
Welded Joints to Impact 

Welding of Dissimilar Metals 

Altogether the Literature Division has published to 
date 60 reviews covering 1265 pages, journal-size (9 x 12). 
_ Reports from the contributors and research workers 
indicate that this phase of the Welding Research Com- 
mittee’s activities has been most helpful to the welding 
industry. The U. S. Government has found these re- 
ports extremely useful in predicting the behavior of the 
weldability of new alloy steels and the proper procedure 
7 use in the welding of special steels, such as armor 
plate. 
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REVIEWS OF THE LITERATURE 


Weldability—Fusibility Tests—February 1942, 22 pages, 250 
bibliographical references. 

Static Tests of Fillet and Plug Welds—April 1942, 37 pages, 77 
bibliographical references 

Corrosion Resistance of Welded Joints—May 1942, 29 pages, 
97 bibliographical references 

Fatigue Strength of Welded Joints—-July 1942, 52 pages, 127 
bibliographical references. 

Welding Chromium Steels—Part I—Low-Alloy High-Strength 
Chromium Steels (Cr S 1%%)—August 1942, 32 pages, 37 biblio 
graphical references 

Welding Chromium Steels—Part Il—Welding Aircraft Cr-Mo 
Steels—Part III—-Welding Heat, Wear and Corrosion-Resistant 
Chromium Steels—September 1942, 28 pages 


TRANSLATIONS 


Static and Dynamic Strength of Structural Steel Welds, by 
M. Ros, May 1942, 254-s to 256-s. Abstract of a paper entitled 
“Festigkeit und Berechnungen von Schweissverbindungen,’ 
Schweiser Archiv., 1 (9), 245-251 (1941) 

Residual Stresses in Pure Tension Revealed by X-ray Diflrac 
tion Method, by F. Bollenrath, V. Hauk and FE. Osswald, June 
1942, 285-s to 286-s; abstracted from VDJ, 83 (5), 120 (Feb. 4, 
1939). 


Other Translations Distributed: 


Effect of Welding Conditions on the Warping of Girders with 
Off-Center Welds, by Dr.-Ing. R. Malisius 

Tests of the Distribution of Shrinkage in Welded Plates of 
Mild Steel, Parts I and II, by O. Mies 

Contribution to the Evaluation of Heat Stresses and Their 
Influence on the Fatigue Strength of Welded Joints, by R. Flack 
Toénnessen 

The Huey Test for Corrosion Resistance of Welds in 18-8 
Steel, by F. Meunier and H. M. Schnadt 

Weldability of Steel—Experiences and Tests, by Dr.-Ing. Rein 
hold Kuehnel. 

Problems of Material in Connection with the Welding of Thick 
Members of St 52, by Ernst Hermann Schulz and Wilhelm Bischof 


Fundamental Research 
Division 
COMPREHENSIVE program on Weldabuility 
under the auspices of the Fundamental Research 
Division is well under way and nearing comple 

tion. The results of this research investigation will en 
able one to predict the weldability behavior of any new 
steel, and to indicate suitable procedures for welding any 
thickness of material under different climatic conditions 
These investigations have been conducted at Lehigh 
University, R.P.I., M.I.T. and Columbia University. 
The Government, through NDRC, has appreciated the 
importance of this work in the war effort, and is financing 
the greater portion of it to the extent of some $29,000 a 
year. This sum is in addition to approximately $13,000 
a year expended under the jurisdiction of the Division. 
A start has been made on studying the underlying 
phenomena of residual stresses and their behavior under 
service conditions. Preliminary pronouncements have 
been made in some special cases, as, for example, what 
happens to residual stresses when plastic flow is possible. 
These experiments must be continued to cover more 
restrained conditions and suddenly applied loads. 
The Division continues to encourage research work in 
different universities of this country. A great deal more 
can be done, and should be done, if funds are made avail. 
able. Contact is being maintained with twenty-seven 
universities involving some 58 professors and instructors 
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A conference was held in October in connection with the 
Annual Meeting of the AMERICAN WELDING Society. All 
told, some 23 reports have been published during the pres- 
ent year to the credit of the Fundamental Research Divi- 
sion. 


REPORTS 


Infra-Red Photography of Fusion Welds, by Wm. T. Tiffin, 
January 1942, pp. I-s to 4-s 

Cathode Drop of an Arc, by G. H. Fett, January 1942, pp. 
27-s to 29-s. 

Discussion of Paper on ‘“‘Heat Flow in Arc Welding,” by W. A. 
Bruce, January 1942, p. 33-s. 

A Proposed Fundamental Research Program in Welding, 
January 1942, pp. 49-s to 52-s. 

Heat Flow in Arc Welding—Appendix, by E. M. Mahla, M. C. 
Rowland, C. A. Shook and G. E. Doan, January 1942, pp. 52-s to 
53-s. 

The Weldability of Steels, by Walter H. Bruckner, January 
1942, pp. 55-s to 59-s. 

Notch Sensitivity of Welds Under Repeated Loading, by Harry 
L. Daasch, January 1942, pp. 60-s to 64-s. 

Behavior of Spot Welds Under Impact, by A. M. Unger, H. A. 
Matis and E. P. Gruca, February 1942, pp: 94-s to 98-s. 

The Effects of Welding Procedure on Joints Made in Type 304 
Stainless Steel, by Edgar P. Auler, February 1942, pp. 98-s to 
106-s. 

Metal Transfer in the Metallic Arc, by Louis J. Larson, Febru- 
ary 1942, pp. 107-s to 112-s. 

Residual Stress in Butt-Welded SAE X4130 Tubing—Part I, 
by G. Sachs and T. Graham, March 1942, pp. 122-s to 125-s. 


HE Industrial Research Division has organized 
a number of new projects and extended its ac- 
tivities, especially in the field of Aircraft welding. 

It has cooperated with, and assisted the National Advis- 

ory Committee for Aeronautics in the organization of 

numerous welding researches being carried out by that 

Committee. It has also cooperated with the National 

Research Council and the National Defense Research 

Committee in furnishing information as to existing re- 

searches and the need for additional work. Several proj- 

ects have been recommended through the Council and 
are being financed by the National Defense Research 

Committee. Close contacts have been maintained with 

the War and Navy Departments and other government 

agencies interested in welding. The Division's operations 
have been directed to problems directly related to war 
production. 


COMMITTEE I—CAST IRON 
(Not yet organized) 


COMMITTEE II—CARBON STEELS 
C. H. Jennings, Chairman 


This committee was authorized in February 1936. 
The principal activity of the committee has been the 
proposal of a comprehensive investigation to study the 
effect of carbon and manganese on the weldability of 
steels. The committee published a report in January 
1938 indicating the proposed scope of investigation. The 
report entitled ‘“The Effect of Carbon Manganese on the 
Weldability of Plain Carbon Steels’ was distributed 
widely for comments. Based upon these comments and 
suggestions received from the steel industry, a revised 
program was prepared, divided into two phases. 

The first phase of the Carbon-Manganese Steel (Weld- 
ability) Program, conducted to investigate and develop 


Industrial Research Division 


Stress Distribution in Welded Tube Connections, by Frank | 
Tocher, March 1942, pp. 125-s to 128-s. 

The Effect of Preheating Temperature Upon Shrinkage Stresse< 
in Welded High-Tensile Steel Plates, by Richard W. Leutwile; 
Jr., April 1942, pp. 198-s to 203-s. 

The Effect on the Endurance Limit of Submerging Fatigy, 
Specimens in a Cold Chamber, by O. H. Henry and Thomas 1 
Coyne, May 1942, pp. 249-s to 254-s. 

A Study of the Embrittling Effect of Zinc Upon Stainless Stee) 
by O. H. Henry and R. W. Schroeder, June 1942, pp. 287-s ;, 
290-s. 


The Effect on the Endurance Limit of Submerging Resistance 
Welded Fatigue Specimens in a Cold Chamber, by O. H. Henry 
and P. L. Calamari, June 1942, pp. 291-s to 292-s. 

Comparison of A.C. and D.C. Arc-Welded Joints, by Leo Alber: 
Moore, July 1942, p. 352-s. 

Tensile Tests of Stainless Steel Welds at Low Temperatures. 
by O. H. Henry, G. K. Wicks and Bernard Hirshkowitz, August 
1942, pp. 384-s to 387-s. 

The Effect on the Endurance Limit of Submerging Welded 
Fatigue Specimens in a Cold Chamber, by O. H. Henry and § 
Cannizzaro, August 1942, pp. 387-s to 388-s. 

The Tensile Impact Resistance of Carbon-Molybdenum Welds 
at Elevated Temperatures, by O. H. Henry and M. A. Cordovi, 
September 1942, p. 416-s. 

The Effect of Residual Stress and External Restraint on Some 
Welding Characteristics of SAE X4130 Steel Tubing, by G. Sachs 
and W. E. Davis, September 1942, p. 427-s. 


Weld Quench Gradient Tests, by Walter H. Bruckner, October 
1942, pp. 496-s to 500-s. 

The Effect of Welding on the Shear and Hardness Properties of 
Mild Steel Bars, by William Dein Lewis, November 1942, pp 
559-s to 561-s. 


suitable tests for weldability and to determine the in- 
fluence of carbon and manganese on weldability, has 
been completed. 

Material used in this investigation consisted of : 


1. Commercial rolled steel plates '/,, '/2, 1 and 2 in 

thick of the following types: 

Type 1: Carbon 0.20—-0.24, manganese 0.35~0.45,; 
rimmed, semi-killed, coarse grained and fine 
grained. 

Type 2: Carbon 0.26—0.30, manganese 0.60—0.70; 
rimmed, semi-killed, coarse grained and fine 
grained. 

Type 3: Carbon 0.30-0.35, manganese 0.90-1.10; 
coarse grained and fine grained. 

Type 4: Carbon 0.30—0.35, manganese 1.50-1.70, 
coarse grained and fine grained. 

2. Experimental steels '/, and 1-in. thick of the Types 

2,3 and 4. 

3. Cast steels '/2, 1 and 2 in. thick of Types 2, 3 and 4. 

In addition to the work at Battelle Memorial Insti 
tute on bead hardness and bead bend tests, financed by 
the committee, the following cooperators have furnished 
results of work on the same materials performed at their 
own expense: Naval Research Laboratories, covering 4 
study of five types of weldability tests, Carnegie-Illinois 
Steel Co., investigating tee-bend test properties and Cli- 
max Molybdenum Research Laboratories, making end 
quench hardenability tests. The results of these four 
investigations have been published in the October 1942 
Welding Research Supplement. 

Reports will be available later from the following co 
operating bodies who have been furnished steel: (1) 
Committee F on fatigue properties; (2) Union Carbide & 
Carbon Company on Unionmelt welding, and (3) Lehigh 
University on weldability. 

The investigation is being refinanced and will be con 
tinued. 
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COMMITTEE III—LOW-ALLOY STEELS 


J. H. Critchett, Chairman 


This committee was authorized in February 1936. The 
committee set as its first objective the compilation and 
correlation of data available in such forms that the low- 
alloy steels may be more readily compared, and in such 
a manner as to emphasize the factors entering into the 
problem of welding. The steels are classified as fool- 
proof, moderately air-hardening under average welding 
conditions, and those which undergo sufficient loss of 
ductility to require special consideration. A report was 
published in the January 1938 issue of the Welding Re- 
search Supplement. 

New methods have been proposed for quantitatively 
evaluating the difficult subject of weldability of steel, 
and that work has been instituted through the Funda- 
mental Research Division to develop this much-needed 
measuring stick. 

Further activities of the committee await the develop- 
ment of weldability tests by the Committee on Carbon 
Steels. 


COMMITTEE IV—HIGH-ALLOY STEELS 


Dr. S. L. Hoyt, Chairman 


This committee was authorized in February 1936, 
and has undergone one reorganization. The com- 
mittee has appointed a number of subcommittees which 
are dealing with specific problems in welding stainless 
steels, as follows: (a) evaluation of stainless steel 
welds; (6) welding straight iron-chromium alloys with 
ferritic and austenitic types of weld rods, and welding 
stainless clad steels; (c) stress corrosion; (d) accelerated 
corrosion tests; (e) heat treatment of welded stainless 
structures; (f) substitution of manganese for nickel. 
Preliminary reports have been, or soon will be, presented 
on nearly all of these projects, and some of the work of 
the committee is planned for distribution soon. 

Since 1940 the committee has financed a fellowship 
at Illinois Institute of Technology on Stress Corrosion 
Cracking, at an annual rate of $1000 a year. The work 
of the Committee on Substitute Materials for Man- 
ganese and Nickel, because of the shortness of these 
materials, is of direct interest to national defense. The 
information will be published shortly. 


COMMITTEE V—ALUMINUM ALLOYS 


G. O. Hoglund, Chairman 


Subcommittee V was authorized in February 1936, 
and initiated a program to develop the static strength 
of butt-welded joints in various aluminum alloys. 
The results were reported in 1938. The committee 
then proposed to extend the work to thinner material 
than that reported on. This program was started in 
cooperation with the Navy Department, but it has 
been necessary, because of defense effort, to lay the 
program aside temporarily. The reason for this was 
that materials could not be obtained and personnel 
could be applied more usefully in other places. The 
committee has been able to arrange the contribution of 
papers on welds in aluminum-magnesium alloy plate, 
spot welding and brazing the aluminum alloys. A report 
on the fundamentals of flow of brazing materials on the 
aluminum alloys was given in the form of a paper at 
the October 1941 meeting. 

While this committee has not initiated an additional 
program it has been active in research programs under- 
way in other committees. This is particularly true 
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with the Resistance Welding Committee and Aircraft 
Welding. An investigation to examine the field on 
joining aluminum to steel was accomplished, and the 
committee is cooperating with Dr. Hess in carrying 
out the work. Materials, data and other assistance 
have been provided to other committees when the 
aluminum alloys were concerned in their research work 


COMMITTEE VI—COPPER ALLOYS 


D. K. Crampton, Chairman 


This committee was authorized in February 1936. It 
has confined its endeavors to the initiation of papers 
dealing with research projects in the field. Among these 
were, “Spot Welding Characteristics of Some Copper 
Base Alloys,” by D. K. Crampton and J. J. Vreeland, 
published in October 1937; “Carbon Arc Welding of 
Silicon Bronze,”’ by E. S. Bunn, J. R. Hunter and W. G. 
Seidlitz, published October 1938. Both papers were 
published in the Welding Research Supplement. Another 
paper on “A Study of Spot Welding on a Copper Base 
Alloy,”’ by M. L. Wood, J. Babin and O. B. Atkin, was 
published in March 1941. 


COMMITTEE VII—NICKEL ALLOYS 
O. B. J. Fraser, Chairman 


This committee has been devoting its attention to 
two projects. The first project was a study of the effect 
of wire temper on welds in Monel, Nickel and Inconel. 
This was completed during the year 1941 and the 
findings were presented at the Philadelphia meeting 
in October 1941 as a paper, “Study ef the Effect of Core 
Wire Temper on the Quality of Welds in Monel, Nickel 
and Inconel,” by F. G. Flocke and K. M. Spicer, of The 
International Nickel Co., Inc. The greater part of 
the work was conducted in the laboratories of the 
company, with which the authors are associated. 

The second project, the effect of are length on the 
quality of welds in Monel and Nickel, is still incomplete. 
A preliminary study made at the U. S. Naval Engineer- 
ing Experiment Station in Annapolis did not give the 
desired results because the automatic welding equip- 
ment was not well adapted to the work that it was 
called upon to do in this case. Further work on more 
suitable equipment is to be carried out at Annapolis, 
as rapidly as time permits. 

Another paper on the program for the October 1941 
meeting had the sponsorship of Committee VII. It was 
entitled “The Spot Welding of Nickel, Monel and 
Inconel,’ and the authors were W. F. Hess and Albert 
Muller of Rensselaer Polytechnic Institute. 


COMMITTEE A—METHODS OF TESTING 


M. F. Sayre, Chairman 


The committee was authorized in February 1936. 
This committee has rendered invaluable services to the 
other committees of the Industrial Research Division, 
notably the Weld Stress Committee and the Resistance 
Committee. In June 1938, it arranged a symposium on 
Impact Testing in conjunction with the American So- 
ciety for Testing Materials. This symposium was pub- 
lished in booklet form, consisting of 177 pages. The 
second symposium on ““The Weldability of Steels’’ was 
held in October 1939, and published in the April 1940 
issue of the Welding Research Supplement. 

For the past two years, the committee has been inac- 
tive pending further developments which may call for 
its assistance. 
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COMMITTEE B—ANALYSIS OF WELD FAILURES 
(Not yet organized) 


COMMITTEE C—WELD STRESSES—CAUSES AND 
EFFECTS 


Everett Chapman, Chairman 


This committee was authorized in February 1936. 
It has devoted its attention largely to a study of the 
behavior of materials in welds under multi-axial stresses. 
An investigation has been outlined for Illinois Institute 
of Technology, and funds made available for this pur- 
pose. One paper sponsored by this group was ‘‘Failure 
of Aluminum Subjected to Combined Stresses,” pub- 
lished in the February 1940 issue of the Welding Research 
Supplement. Another entitled “Strength of Steel Sub- 
jected to Biaxial Stresses’”’ appeared in the November 
1942 Welding Research Supplement. 

A machine involving the testing of tubes under bi- 
axial fatigue has been designed and built. Work has 
started on actual testing. A project is under way at 
Massachusetts Institute of Technology involving the 
spinning of large solid disks containing stress gradients 
to determine behavior of metals under multiaxial stresses. 


COMMITTEE D—NON-DESTRUCTIVE TESTS 
T. H. Lester, Chairman 


This committee was organized in June 1937. It 
has been in closest cooperation with Committee E-7 
of the American Society for Testing Materials. A 
number of valuable papers have resulted from this 
cooperation. During the year Magnaflux has come into 
prominence due to the use of the methods made by the 
Navy for detecting sub-surface defects. Committee D 
is arranging to investigate the whole question of Magna- 
flux tests, including data which will promote better 
interpretations of patterns obtained. A report has been 
made on the efficacy of the magnaflux method in deter- 
mining sub-surface defects in welds, and will appear 
shortly in the Supplement. 

The committee plans to keep in close touch with the 
research work and progress made in the use of the million 
volt X-ray machine for the inspection of weldments. 


COMMITTEE E—RESISTANCE WELDING 
G. S. Mikhalapov, Chairman 


This committee was authorized in June 1937. The 
committee has sponsored, in cooperation with the Funda- 
mental Research Division, a research fellowship at 
Rensselaer Polytechnic Institute. For the first time 
accurate quantitative data have been obtained on the 
fundamentals of resistance welding. The papers which 
have resulted from the joint sponsorship of the research 
fellowship at R. P. I. are, “Studies of Spot Welding of 
Low-Carbon and Stainless Steels,’’ October 1938, April 
1939, and October 1939; ‘‘An Investigation of the Spot 
Welding of Automobile Grade Mild Steel,’’ October 1939; 
“A Method of Studying the Effects of Inertia and Friction 
in Resistance Welding Machines,” October 1940;‘‘Changes 
in the Shape of Spherical Spot Welding Electrodes,’’ 
October 1940; “Electrical Measurement of Electrode 
Pressure During Spot Welding,’’ October 1941; ‘The 
Spot Welding of N-A-X High Tensile Steel,’ April 1942; 
“Spot Welding of N-A-X High Tensile Steel,’’ Second 
Report, May 1942; and “The Spot Welding of 0.040-in. 
S.A.E. X-4130 Steel,” October 1942; all published in the 


Welding Research Supplement. ‘“The Measurement of 
Spot Welding Current’’ was published in the A. J. EF. 
Transactions for June 1940. The total cost of this inves. 
tigation to January 1, 1942, has been $11,100. 

The committee has promulgated “Tentative Stand 
ards for the Testing of Spot Welds,’ published in the 
September 1940 Research Supplement. The committee 
has also secured the cooperation of several important 
industrial laboratories to carry out further investigations 
on the fundamentals of resistance welding. The com- 
mittee is planning to investigate the effects of post- 
weld heat treatment on brittle welds obtained on air 
hardening steels. 


COMMITTEE F—FATIGUE TESTING (STRUCTURAL 
Jonathan Jones, Chairman 


The committee was authorized in June 1937. The 
work is being carried out at the University of Illinois 
under the general supervision of Professor W. M. Wilson. 
This investigation was initiated at the request of bridge 
engineers to secure unit design data on the fatigue 
strength of welded joints, and the behavior of such joints 
in service. This work has been financed largely by the 
Chicago Bridge and Iron Company, the U. S. Public 
Roads Administration, the U. S. Navy, and the Asso- 
ciation of American Railroads. A total of $47,645 was 
spent to October 1, 1942. This is in addition to certain 
contributions-in-kind of approximately $15,000 to that 
date. The budget for the coming year calls for an ex- 
penditure of $17,800. 

The principal subcommittees met in October 1941 to 
prepare an extension of the current program at the 
University of Illinois. The work accomplished through 
1940 has been reported in detail,by Professor Wilson 
in Bulletin No. 327 of the Engineering Experiment 
Station, University of Illinois, 1941. Another bulletin 
will be issued by the University, giving the results 
of further tests on butt, fillet and plug welds carried out. 

The research at the University is well organized and 
making constant progress. The U. S. Navy, Bureau 
of Ships, has introduced several relatively small programs 
of its own. Ineachinstance the Navy has made a sub- 
stantial contribution to pay its way, and its programs 
have been welcomed as bearing on the committee's 
general field. The committee has completed and reported 
on its study of the Effect of Periods of Rest upon Fatigue 
Testing, January 1941; and upon the Calculation and 
Graphical Representation of Fatigue Strength of Struc- 
tural Joints February 1942. 

Pilot tests have been made to ascertain whether 
fatigue strength is reduced by the metallurgical heat 
effects of welding, with mechanical stress-raisers elimi- 
nated. This is now being followed by a more complete 
program on this same topic, aiming to explore all im- 
portant variables. 

The Association of American Railroads made its initial 
contribution in 1941 of $5000, and a similar contribution 
in 1942. 

The first year’s investigation of the fatigue properties 
of metallic arc-welded butt joints in carbon steel plates 
was made under ideal controlled conditions. During 
the past year the program has included studies of the 
variables of commercial shop welding in all positions with 
various electrodes, by both manual and automatic proc- 
esses. Specimens welded in a number of different plants 
and under field conditions were tested. A report draw- 
ing conclusions as to the dependable fatigue strength o! 
butt joints as commercially produced on structural work, 
is in manuscript form and will be published shortly. 

Pilot work on fillet and plug welds has been completed 
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and it is hoped that the further program being planned 
for 1943 will permit the reporting of definite findings on 
those types of weld. The Committee’s equipment at the 
University of Illinois has also been used for special in- 
vestigations by the Bureau of Ships, U. S. Navy. 


COMMITTEE G—STRUCTURAL STEEL 
L. S. Moisseiff, Chairman 


The Structural Steel Committee was appointed by 
the Industrial Research Division in April 1940. The 
committee was organized for the purpose of carrying out 
researches which will result in a more rational develop- 
ment of the use of welding in structural work of buildings 
and bridges. Three fellowships have been established: at 
Lehigh University, Columbia University and Carnegie 
Institute of Technology. Expenditures are at the rate 
of $3300 a year. The investigation at Lehigh is aimed 
to develop satisfactory design procedure for beam-to- 
girder and beam-to-column connections of flexible, semi- 
rigid and rigid types of building contruction. The 
investigation at Columbia on the efficiency of butt 
joints with through plate stiffeners has progressed to 
the completion of physical tests on beams and supple- 
mentary specimens. The equipment required for im- 
pact tests to determine the value of butt welds for 
splicing H-sections has been installed, and preliminary 
tests are in progress. 

At Carnegie Institute of Technology the program will 
cover the capacity of load-bearing welded plate stiffeners 
for plate girders compared with riveted-angle stiffeners. 
One-half the funds of this Committee are being furnished 
by the American Institute of Steel Construction, the other 
half by industry, the U. S. Navy Bureau of Yards and 
Docks, and by the American Society of Civil Engineers. 

The work of this Committee is a continuation of the 
old Structural Steel Welding Committee of the American 
Bureau of Welding. Six reports have been issued 
since the final report of the old Structural Steel Welding 
Research Committee. These are, ‘Designing Welded 
Frames for Continuity,’ by B. Johnston and E.H. Mount, 
October 1939 Welding Research Supplement; ‘‘Pilot Tests 
on Covered Electrode Welds,’’ by H. J. Godfrey and 
E. H. Mount, April 1940 Welding Research Supplement; 
“Flexible Welded Connections,”’ by Bruce Johnston 
and L. F. Green, October 1940 Welding Research Supple- 
ment, ‘Tests of Miscellaneous Welding Building Con- 
nections,” by B. Johnston and G. Deits, January 1942 
Welding Research Supplement, and “Report of Tests on 
Butt Joints with Through Plate Stiffeners’” by W. J. 
Krefeld and J. D. Kenney, June 1942 Welding Research 
Supplement; and ‘Investigation of Welded and Riveted 
Load-Bearing Stiffeners of Plate Girders’’ by F. J. Evans 


and H. Brenman, June 1942 Welding Research Supple- 
ment. 


COMMITTEE H—AIRCRAFT WELDING 
G. S. Mikhalakov, Chairman 


During the past year the major project of the Rens- 
selaer spot welding laboratories has been the aircraft 
problem of welding aluminum alloys. Investigations of 
various type equipments and controls have been carried 
on. The effect of the source, frequency and form of 
energy under controlled conditions has been studied and 
reported. 

Special attention has been given to methods of surface 
preparation, electrode maintenance, welding of dis- 
similar thicknesses, fatigue tests of spots and develop- 
ment of methods of impact testing. Assistance has been 


given to the preparation of a comprehensive manual of 
standards and recommended practices for spot welding 
aluminum in aircraft structures, which grew out of the 
Rensselaer researches. 

The Institute has issued its tenth progress report on 
the aluminum project, which are being published by the 
National Advisory Committee for Aeronautics. The 
Aluminum Company of America, Taylor-Winfield Corp- 
oration, Sciaky Corporation, Federal Machine and 
Welder Company, and others have contributed materials 
equipment and services for the Rensselaer projects. 

Out of the Rensselaer project there has developed the 
establishment of welding research centers by the Na- 
tional Advisory Committee for Aeronautics: at the 
Battelle Memorial Institute for fatigue investigations of 
spot-welded joints; at the California Institute of Tech- 
nology for study of non-destructive methods of tests; 
at the University of Southern California for investigation 
of stress distribution in spot-welded joints under static 
loads. The Division is cooperating in this work. Much 
of the preliminary work for these investigations was per- 
formed by the Lockheed Aircraft Corporation in its lab- 
oratories and made available to the cooperating group. 

The Division cooperated with the Bureau of Aeronau- 
tics, U. S. Navy and the National Advisory Committee 
for Aeronautics in the establishment of a Butt Resistance 
Welding Laboratory at the Battelle Memorial Institute. 
Assistance has been received from the Douglas Aircraft 
Company which developed this method of fabrication. 
Welding equipment is being loaned by the Taylor-Win- 
field Corporation. 

Through the cooperation of Wright Field, the National 
Committee for Aeronautics and this Division, an aircraft 
fusion welding research center has *been established at 
the Battelle Memorial Institute. The project includes 
a study of electrodes, development of test specimens and 
methods of tests, and a study of the fundamentals of the 
welding of S.A.E. 4130 aircraft steel. New aircraft 
steels are being checked for weldability. Possibilities of 
electrode development are under study also. Special 
assistance has been given by The Glenn L. Martin Com- 
pany and the Timken Roller Bearing Company in the 
development of test methods, and the Summerill Tubing 
Company by furnishing steel tubing for this and other 
projects. 

The welding of magnesium alloys has been studied by 
the Dow Chemical Companies in its laboratories in co- 
operation with this Division. Its first report on spot 
welding is being released. This will be followed by re- 
ports on the gas and are welding of these alloys. 
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Rules of Procedure, Welding Research 


PURPOSES 


HE general purposes of the Welding Research 

Committee shall be: (@) To critically digest the 

world’s welding literature and to make the results 
available in readily usable form. 

(6) To stimulate, aid and guide fundamental welding 
research in the universities, and in other laboratories 
of this country. 

(c) To organize and administer cooperative research 
projects in the welding field. 

These activities shall be carried out through three 
divisions to be known, respectively as: Literature 
Division, Fundamental Research Division and Indus- 
trial Research Division. 


DUTIES 
Main Committee 


1. Maintain a central office as a clearing-house for 
welding information. 

2. Establish broad policies in the organization and 
operation of its several divisions. 

3. Approve the organization and membership of 
divisions, and of their executive committees. 

4. Solicit funds for the work of the Main Committee 
and its Divisions. Subscriptions shall, in general, be 
solicited for the work of the Main Committee without 
definite assignment to specific projects, although donors 
may earmark subscriptions for specific purposes, if so 
desired. However, when the necessary funds cannot 
be obtained on behalf of the Main Committee, sub- 
scriptions may be solicited for specific projects. 


5. Prepare an annual budget not later than Sep- 


tember 15th of each year. 

6. Prepare the Annual Report, and other reports 
as may be needed. 

7. Maintain suitable records. 

8. Administer publications. 

9. Engage in any other activities necessary for the 
accomplishment of the above purposes. 


Literature Division 


The duties of the Literature Division shall be to 
prepare critical digests of the literature on specific 
subjects, and to publish them in readily useable form; 
to prepare and distribute translations of important ar- 
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ticles; and to publish abstracts of other research articles 
published here and abroad. 


Fundamental Research Division 


The duties of the Fundamental Research Division 
shall be to encourage research by the individual, par- 
ticularly in the universities, and, also, in other labora- 
tories. It shall assist in the formulation of problems, 
in securing specimens and materials, and in arrangement 
of conferences. It shall publish from time to time a 
list of problems needing solutionw. Periodic visits to 
the laboratories by members of the Executive Com- 
mittee of the Division shall be encouraged. When such 
cooperation seems necessary, it shall assist in the formu- 
lation of fundamental welding research problems in- 
volving cooperation between several interested indi- 
viduals, or laboratories, and in all other ways necessary 
to carry out the duties assigned to the Division. 


Industrial Research Division 


The duties of the Industrial Research Division shall 
be the organization and administration of cooperative 
research projects, to arrange for the administration oi 
project funds, publication of suitable reports, symposia 
and conferences, and for any other method of expediting 
the work undertaken. 


Project Organization 


(a) No commitments for research projects, or for 
other activities, shall be made unless funds therefor are 
available and approved for the specific purpose. 

(6) Funds for any Special Project shall be disbursed 
by the Committee in charge, with the approval of the 
Division under which it is organized. 


Responsibilities of the Divisions 


1. Each Division shall develop its own rules of pro- 
cedure which shall not in any way conflict with the 
regulations of the Main Committee, and shall be in 
responsible charge of the work assigned to the Division. 

2. Each Division shall keep the central office 
promptly and completely informed of its plans and ac- 
tivities by copies of minutes and important corre- 
spondence. This also applies to committees. 

3. Each Division shall submit its budget for the 
ensuing fiscal year not later than September Ist. 
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Bridge and Iron Co., 1305 West 105th Street, Chicago, III. 

Chapman, Everett, President, Lukenweld, Inc., Coatesville, Pa. 

Cook, O. U., Assistant Manager, Dept. of Metallurgy, Inspection 
and Research, Tennessee Coal, Iron and Railroad Co., Brown- 
Marx Bldg., Birmingham, Ala. 

*Critchett, J. H., Vice-President, Union Carbide & Carbon Re- 
search Laboratories, 30 East 42nd Street, New York, N. Y. 

Crowe, J. J., Assistant to Vice-President & Operating Manager, 
Air Reduction Sales Co., 60 East 42nd Street, New York, N. Y. 

Eksergian, C. L., Chief Engineer, Budd Wheel Co., 12141 Charle- 
voix Ave., Detroit, Mich. 

Ely, A. J., Mechanical Engineer, Standard Oil Development Co., 
Elizabeth, N. J. 
*Frankland, F. H., Director of Engineering, American Institute of 
Steel Construction, Inc., 101 Park Avenue, New York, N. Y. 
Fuller, T. S., Works Laboratory, General Electric Co., Schenec- 
tady, New York. 

*Jacobus, D. S., Advisory Engineer, 93 Harrison Avenue, Mont- 
clair, N. J. 

*Jenks, Colonel G. F., Taylor Winfield Corp., Warren, Ohio. 

Pew, Arthur E., Vice-President, Sun Oil Co., 1608 Walnut Street, 
Philadelphia, Pa. 

Weigel, A. C., Vice-President, Combustion Engineering Co., 200 
Madison Ave., New York, N. Y. 

Wilson, A. R., Engineer of Bridges, Pennsylvania Railroad, Phila- 
delphia, Pa. 

Zimmerman, R. E., Vice-President, U. S. Steel Corporation of 
Delaware, 436 Seventh Ave., Pittsburgh, Pa. 

*Spraragen, W., Executive Secretary, Welding Research Committee. 


* Member, Executive Committee. 


LIST OF RESEARCHERS 


(Fundamental Research Division) 


Name A fiiliation 
Dr. R. H. Aborn 


Dr. D. E. Babcock 
tion, Columbus, Ohio 


War Department, Southwestern 
Ground, Hope, Arkansas 


Prof. M. L. Begeman 


Prof. E. Bennett 


Prof. H. Beresford 


Membership 


WELDING RESEARCH COMMITTEE 


Research Laboratories, United States Steel Metallurgical Aspects of Steel Welding. 
Corporation, Kearny, New Jersey 
Ohio State University, Research Founda- Problem not selected. 


Proving Problem suspended for the Duration 


Department of Electrical Engineering, Uni- Studies relating to the welding, brazing, and hardening of 
versity of Wisconsin, Madison, Wisconsin metals by utilizing the “proximity effect’’ to confine the 


Department of Agricultural Engineering, Application of wear-resistant surfaces to agricultural equip- 
University of Idaho, Moscow, Idaho 


LITERATURE DIVISION 


Critchett, J. H., Chairman; Vice-President, Union Carbide and 
Carbon Research Laboratories, Inc., 30 East 42nd Street, New 
York, N. Y. 

Adams, Comfort A., E.G. Budd Manufacturing Co., Philadelphia, 
Pa. 

Boardman, H. C., Director of Research, Chicago Bridge and Iron 
Co., 1305 West 105th Street, Chicago, Ill. 

a. D. S., Advisory Engineer, 93 Harrison Ave., Montclair, 
N. J. 

Spraragen, W., Secretary; Executive Secretary, Welding Research 
Committee, 29 West 39th Street, New York, N. Y. 


FUNDAMENTAL RESEARCH DIVISION 


Boardman, H. C., Chairman; Director of Research, Chicago 
Bridge and Iron Co., 1305 West 105th Street, Chicago, III. 

Adams, C. A., ex-officio. Chairman, Welding Research Committee; 
E. G. Budd Manufacturing Co., Philadelphia, Pa 

Doan, G. E., Department of Metallurgy, Lehigh University, Beth- 
lehem, Pa. 

Hess, W. F., Department of Metallurgy, Rensselaer Polytechnic 
Institute, Troy, N. Y. 

Jennings, C. H., Engineer in Charge of Welding Research, Westing- 
house Electric & Manufacturing Co., East Pittsburgh, Pa. 

Kinzel, A. B., Chief Metallurgist, Union Carbide and Carbon Re- 
search Laboratories, Inc., 30 East 42nd Street, New York, N. Y. 

Kouwenhoven, W. B., Dean, School of Engineering, Johns Hopkins halides 
University, Baltimore, Md. 

Norton, J. T., Dept. of Metallurgy, Massachusetts Institute of shes 
Technology, Cambridge, Mass. 

Spraragen, W., ex-officio. Executive Secretary, Welding Research 
Committee, 29 West 39th Street, New York, N. Y 


Subject of Research 


induced high frequency heating currents to narrow prede 
termined strips. 


ment and tools, repair and maintenance of farm machin- 
ery, and the alteration and fabrication of agricultural 
machines for special applications. 


L.G. Bliss Foote Mineral Company, 1609 Summer 


Prof. J. W. Breneman 


Prof. W. H. Bruckner 


Prof. W. W. Carlson 


Prof. Donald Clark 


Street, Philadelphia, Pennsylvania 


Department of Engineering Mechanics, 
Pennsylvania State College, State Col- 
lege, Pennsylvania 

Department of Mining and Metallurgical 
Engineering, University of Illinois, Ur- 
bana, Illinois 

Kansas State College of Agricultural and 
Applied Science, Manhattan, Kansas 

Department of Mechanical Engineering, 
California Institute of Technology, Pasa- 
dena, California 


Tests of Coating Materials and Fluxes. 


Shear tests on butt welds in mild steel bars. 


Weldability tests. 


Qualification Test for Welds. 


High-Speed Tension Impact Investigations. 
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Prof. H. L. Daasch 


Dean R. P. Davis 
Prof. G. P. Boomsliter 
Asst. Prof. C. H. Cather 


Prof. D. J. Demorest 


Prof. G. E. Doan 
R. D. Stout 


Prof. John F. Eckel 


R. W. Emerson 


Dr. G. H. Fett 


Prof. S. H. Graf 


Prof. P. R. Hall 


Dr. R. H. Harrington 


Prof. O. H. Henry 


Prof. W. F. Hess and 
Prof. R. A. Wyant 
Albert Muller 
J. M. Parks 
E. F. Nippes 
B. L. Averbach 
W. D’O. Doty 
F. J. Winsor 


Dean S. C. Hollister 


Prof. T. P. Hughes 


C. H. Jennings 


Prof. C. D. Jensen 


Prof. Carl G. Johnson 


Prof. Bruce Johnston 
and Robert M. Mains 


Henry E. Kiley 


Dean W. B. Kouwenhoven 


Prof. W. J. Krefeld 


Prof. P. E. Kyle 


Dr. J. H. Lampe 


Prof. J. L. Miller 


Prof. H. F. Moore 


Prof. J. T. Norton 
Prof. D. Rosenthal 


Head, Department of Mechanical Engineer- 
ing, University of Vermont, Burlington, 
Vermont 

College of Engineering, West Virginia 
University, Morgantown, W. Va. 


Dept. of Metallurgical Engineering, Ohio 
State University, Columbus, Ohio 

Department of Metallurgy, Lehigh Univer- 
sity, Bethlehem, Pennsylvania 


Associate Professor of Metallurgy School 
of Chemical and Metallurgical Engineer- 
ing, Purdue University, Lafayette, Indi- 
ana 

Pittsburgh Piping & Equipment Co., Pitts- 
burgh, Pennsylvania 

Dept. of Electrical Engineering, University 
of Illinois, Urbana, Illinois 


School of Engineering, Oregon State Col- 
lege, Corvallis, Oregon 

Department of Industrial Engineering, 
Pennsylvania State College, State Col- 
lege, Pennsylvania 

Research Laboratory, General Electric 
Company, Schenectady, New York 

Department of Metallurgical Engineering, 
Polytechnic Institute of Brooklyn, 
Brooklyn, New York 


Department of Metallurgy, Rensselaer Poly- 
technic Institute, Troy, New York 


College of Engineering, Cornell University, 
Ithaca, New York 

Department of Mechanical Engineering, 
University of Minnesota, Minneapolis, 
Minnesota 

Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pennsylvania 

Naval Experiment Station, Annapolis, 
Maryland 

Assistant Professor of Mechanical Engi- 
neering, Worcester Polytechnic Institute, 
Worcester, Massachusetts 


Fritz Engineering Laboratory, Lehigh Uni- 
versity, Bethlehem, Pennsylvania 


Instructor, Mech. Engg., Massachusetts 
Institute of Technology, Cambridge, 
Massachusetts 


School of Engineering, Johns Hopkins Uni- 
versity, Baltimore, Maryland 


Department of Civil Engineering, Columbia 
University, New York 


Massachusetts Institute of Technology, 
Department of Mechanical Engineering, 
Cambridge, Massachusetts 


Department of Electrical Engineering, Uni- 
versity of Connecticut, Storrs, Connecti- 
cut 


Firestone Tire and Rubber Co., Akron, 
Ohio 

Talbot Testing Laboratory, University of 
Illinois, Urbana, Illinois 


Department of Metallurgy, Massachusetts 
Institute of Technology, Cambridge, 
Massachusetts 


WELDING RESEARCH COMMITTEE 


Notch Sensitivity of Welds Under Repeated Loads 


Welding of Rails for Mine Haulage Ways. 
(Work temporarily suspended.) 


New type shielding arc which may be applied to coiled elec- 
trode. (Work temporarily suspended.) 
1. Development of a system in predicting the weldability of 
low-alloy and high carbon steels. 
2. Heat flow in arc welding. 
Project not yet selected. 


Metallurgy, heat treating, etc. 


Measuring the ‘‘Cathode Drop”’ of an arc, using electrodes 
with and without coatings, and the current densities in 
these arcs. 

1. X-ray diffraction studies on stresses in welds 

2. Heat effects in weld metal. 


Study of silicon loss between rod and weld in cast iron. 


Metallurgical aspects of resistance welding electrodes and 
alloy applications. 

1. Effect of low temperature on the static and dynamic tensile 
strength of welded joints in some ferrous and non-ferrous 
metals. 

2. Damping characteristics of weld metal on base metal 

1. Spot welding of ferrous and non-ferrous metals. 

2. Development of electrical methods of measuring pres- 
sures during spot welding. 

3. Development of methods of evaluating the satisfactori- 
ness of fusion welded joints. 

4. Measurement of cooling curves associated with various 
welding conditions, and a study of the fusion welding of 
medium carbon and low-alloy high-strength steels. 

5. Flash Welding of Nickel and High Nickel Alloys 

6. Spot Welding of Low-Alloy Steejs up to '/2 In. in Thick- 

ness. 

1. Locked-up stresses in welds. 

2. Repeated stresses in welded connections. 

Ductility values as obtained by the tensile and cold bend 
tests. (Work temporarily suspended.) 


Fatigue of Welded Structures and Weldability of Steel 


Welded girders with inclined stiffeners. (Suspended for the 
Duration.) 


Hard Facing Problems. 


Structural Investigations. 


Fatigue of spot welds. 


1. Contact resistance of steel and aluminum. 


2. Heat Flow between Metals in Contact. 


Static and Dynamic Tests of Structural and Butt Joints 


Welding spheroidized pearlitic malleable iron. 


Non-destructive tests of welds. 

Part A—Relative High-Frequency Reflection Methods of 
Detecting Defects. 

Part B—Detection of Discontinuity by Conduction Meth- 


ods. 
Part C—Magnetic Tests for Non-uniformity of Welds. 


Effect of Plate Temperature on the Quality of Metal Arc 
Fusion Welds. 


Welded railroad rails. 


1. Radiographic technique of examining welds. , 

2. X-ray diffraction method for investigating stresses in 
welds. 

3. X-ray studies of age hardening. 
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Dr. W. A. Pearl 


Prof. Gilbert S. Schaller 


ington 


Prof. W. A. Spindler Department of Metal 


Whiting Corporation, Harvey, Illinois 


Department of Mechanical Engineering, 
University of Washington, Seattle, Wash- 


Processing, 


1. Fusion welding of aluminum and its alloys 
2. Fusion welding of die cast materials 


3. Physical properties of fusion welds 
automatic welding heads. 

4. Fusion welding of nickel to low-carbon steels 

Developing a semi-automatic system of shielded arc weld- 
ing. 


obtained with 


Uni- Welding cast iron. 


versity of Michigan, Ann Arbor, Michi- 


gan 


Department of Physics, 
Schenectady, New York 


Dr. F. J. Studer 


R. D. Thomas, Jr. 

Philadelphia, Pennsylvania 

Prof. W. T. Tiffin 

homa, Norman, Oklahoma 

W. L. Warner Watertown Arsenal, 
chusetts 


Watertown, 


Prof. Harry A. Williams 
University, Stanford, California 


Prof. W. M. Wilson Department of Civil 


Prof. A. P. Young and 
R. R. Seeber 


Department of Mechanical 


nology, Houghton, Michigan 


Union College, 
Arcos Corporation, 401 N. Broad Street, 


College of Engineering, University of Okla- 


Massa- 


Department of Civil Engineering, Stanford 


Engineering, 
versity of Illinois, Urbana, Illinois 


Contact resistance in spot welding 
Stainless Steels 


. Weld Inspection by Means of Infra-red Light 

. Metallic arc welding of aircraft type X4130 chrome moly. 
steel. 

1. Heat effect of arc welding various alloy steels 

2. Effect of preheating on weldability of these steels 

3. Dilatometric characteristics of alloy steels and weld 
metals. 


Design of pulsator for fatigue tests of welded joints 


tor 


Uni- Fatigue of Structural Welded Joints 


Engineering, 1. Welding of copper. 
Michigan College of Mining and Tech- 2. 


Methods of testing welds. 


INDUSTRIAL RESEARCH DIVISION 


*Jenks, Col. G. F., 
Warren, Ohio 

*Adams, Dr. C. A., Chairman, Welding Research Committee; 
E. G. Budd Manufacturing Co., Philadelphia, Pa. 

American Railway Research Advisory Committee, Director, 59 
East Van Buren Street, Chicago, III. 

Bibber, L. C., Welding Engineer, Carnegie-Illinois Steel Corpora- 
tion, Carnegie Bldg., Pittsburgh, Pa. 

“Boardman, H. C., Chairman, Fundamental Research Division; 
Director of Research, Chicago Bridge and Iron Company, 1305 
West 105th Street, Chicago, III. 

*Chapman, Everett, President, Lukenweld, Inc., Coatesville, Pa. 

Clark, R. W., Welding Engineer, General Electric Co., Works 
Laboratory Bldg. 7, Schenectady, N. Y. 

*Crampton, Dr. D. K., Research Director, Chase Brass and Copper 
Co., Waterbury, Conn. 

*Critchett, J. H., Chairman, Literature Division; Vice-President, 
Union Carbide and Carbon Research Laboratories, 30 East 42nd 
Street, New York, N. Y. 

*Crowe, J. J., Assistant to the Vice-President, Air Reduction ‘Sales 
Co., 60 E. 42nd Street, New York, N. Y. 

Danse, L. A., Chief Metallurgist, Cadillac Motor Car Division, 
General Motors Corporation, Detroit, Mich. 

Deppeler, J. H., Chief Engineer and Works Manager, Metal & 
Thermit Corporation, 120 Broadway, New York, N. Y. 

*Eksergian, C. L., Chief Engineer, Budd Wheel Co., 12141 Charle- 
voix Ave., Detroit, Mich. 

*Fraser, O. B. J., Superintendent, Technical Service, The Inter- 
national Nickel Co., Inc., 67 Wall Street, New York, N. Y. 

Freeman, John R., Jr., Technical Manager, The American Brass 

_Co., Waterbury, Conn. 

French, Dr. H. J., War Production Board, Washington, D. C. 

Gibson, A. E., President, The Wellman Engineering Co., Cleve- 
land, Ohio. 

Halsey, W. D., Assistant Chief Engineer, Boiler Division, The 
Hartford Steam Boiler Inspection and Insurance Co., 56 Prospect 
Street, Hartford, Conn. 

Hadge, Dr. J. C., Vice-President, Wellman Engineering Co., 
Cleveland, Ohio. 

*Hoglund, G. O., Welding Engineer, Aluminum Co. of America, 
P, O. Box 772, New Kensington, Pa. 

*Hoyt, Dr. S. L., Technical Adviser, Battelle Memorial Institute, 
Columbus, Ohio. 

Jasper, T. M., Director of Research, A. O. Smith Corporation, 
Milwaukee, Wis. 


Chairman; Taylor-Winfield Corporation, 


* Member, Executive Committee. 
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*Jennings, C. H., Engineer in Charge of Welding Research, West- 
inghouse Electric & Manufacturing Co’, East Pittsburgh, Pa. 
Johnson, J. B., Chief, Materials Branch, Wright Field, Dayton, 

Ohio. 

*Jones, Jonathan, Chief Engineer, Bethlehem Steel Co., 701 East 
Third Street, Bethlehem, Pa. 

Jones, S. O., Welding Engineer, Newport News Shipbuilding and 
Dry Dock Co., Newport News, Va. 

Kelley, E. F., Engineer of Tests, U. S. Public Roads Administra- 
tion, Washington, D. C. 

Kidd, A., Assistant Works Manager, The M. W. Kellogg Co., Foot 
of Danforth Ave., Jersey City, N. J. 

*Lester, Dr. H. H., Senior Physicist, Watertown Arsenal, Water- 
town, Mass. 

Lincoln, J. F., President, The Lincoln Electric Co., Cleveland, 
Ohio. 

Loos, C. E., Manager, Structural & Steel Plate Bureau, Carnegie- 
Illinois Steel Corporation, Pittsburgh, Pa. 

*Mikhalapov, George S., 850 Euclid Ave., Cleveland, Ohio. 

Miller, H. L., Metallurgist, Republic Steel Corporation, Massillon, 
Ohio. 

*Mochel, N. L., Metallurgical Engineer, Westinghouse Electric & 
Manufacturing Co., Lester Station, Philadelphia, Pa 

*Moisseiff, L. S., Consulting Engineer, 99 Wall Street, New York, 
N. Y. 

Nelson, T. H., Consulting Metallurgist, The Midvale Steel Co., 
Spring Mill Road, Villanova, Pa. 

Norton, Prof. J. T., Department of Metallurgy, Massachusetts 
Institute of Technology, Cambridge, Mass. 

Navy Department, Bureau of Ships, Washington, D. C. (Repre- 
sentative). 

*Sayre, Prof. M. F., Department of Applied Mechanics, Union Col- 
lege, Schenectady N. Y. 

Schenck, Charles, Engineer of Development, Bethlehem Steel Co., 
Bethlehem, Pa. 

Seabloom, Eric, Supervising Engineer, Crane Co., 4100 S. Kedzie 
Ave., Chicago, IIl. 

*Spraragen, W., Executive Secretary, Welding Research Commit- 
tee, Engineering Foundation, 29 West 39th Street, New York, 

U. S. Naval Gun Factory, Senior Welding Engineer, Washington, 

Weigel, A. C., Vice-President, Combustion Engineering Co., 200 
Madison Avenue, New York, N. Y. 

Wilson, James W., Senior Marine Engineer, Bureau of Marine 
Inspection and Navigation, Department of Commerce, Wash- 
ington, D. C. 

Zornig, Col. H. H., Watertown Arsenal, Watertown, Mass 
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COMMITTEE ORGANIZATION 


Material Committees: 


I. Cast Iron (not yet organized). 


II. Carbon Steels, C. H. Jennings, Chairman; Engineer in 


Charge Welding Research, Westinghouse Electric and Manu- 
facturing Co., East Pittsburgh, Pa. 


Members: 


Aborn, R. H., Metallurgist, Research Laboratories, U. S. Steel 
Corporation, Kearny, N. J. 

Bagsar, A. B., Chief Metallurgical Engineer, Sun Oil Co., 
Marcus Hook, Pa. 

Briggs, Dr. C. W., Steel Founders’ Society of America, Cleve- 
land, Ohio. 

Chapman, E. C., Chief Metallurgist, Hedges-Walsh-Weidner 
Division, Combustion Engineering Co., Chattanooga, Tenn. 

Chyle, J. J., Director, Welding Research, A. O. Smith Corpora- 
tion, Milwaukee, Wis. 

Cook, Oscar U., Chief Technical Committee, American Iron 
and Steel Institute; Tennessee Coal, Iron & R.R. Co., 
Birmingham, Ala. 

Corey, D. H., Detroit Edison Company, Detroit, Mich. 

Critchett, J. H., Vice-President, Union Carbide and Carbon 
Research Laboratories, 30 East 42nd Street, New York, 
N.Y. Dr. A. B. Kinzel, Alternate. 

Deppeler, J. H., Chief Engineer, Metal & Thermit Corpora- 
tion, 120 Broadway, New York, N. Y. 

Ffield, Paul, Materials Engineer, Bethlehem Shipbuilding Cor- 
poration, Quincy, Mass. 

Fyke, F. C., Materials Engineer, Standard Oil Development 
Co., Elizabeth, N. J. 

Harder, Dr. O. E., Assistant Director, Battelle Memorial 
Institute, Columbus, Ohio. 

Hodge, Dr. J. C., Vice-President, The Wellman Engineering 
Co., Cleveland, Ohio. 

Jackson, C. E., Secretary; Naval Research Laboratory, Ana- 
costia Station, Washington, D. C. 

Kenney, E. F., Representative of the American Iron and Steel 
Institute; Bethlehem Steel Co., Bethlehem, Pa. 

Leech, J. O., Representative of the American Iron and Steel 
Institute; Carnegie-Illinois Steel Corporation, Pittsburgh, 
Pa. 

Mochel, N. L., Metallurgical Engineer, Westinghouse Electric 
& Manufacturing Co., Philadelphia, Pa. 

Morris, Prof. Clyde T., Dept. of Civil Engineering, Ohio State 
ne ad Columbus, Ohio. (Representative of Commit- 
tee F. 

Navy Department, Bureau of Ships, Washington, D. C. 
(Representative). 

Parker, Charles M., American Iron and Steel Institute, 350 
Fifth Avenue, New York, N. Y. 

Schenck, Charles, Engineer of Development, Bethlehem Steel 
Co., Bethlehem, Pa. 

Theisinger, W. G., Welding and Metallurgical Engineer, 
Lukens Steel Co., Coatesville, Pa. 

Warner, W. L., Associate Metallurgical Engineer of Welding, 
Watertown Arsenal, Watertown, Mass. 


Executive Committee: 
Jennings, C. H., Chairman 
Harder, O. E. 

Jackson, C. E. 

Kinzel, A. B. 

Theisinger, W. G. 


III, Low-Alloy Steels, J. H. Critchett, Chairman; Union Car- 


bide & Carbon Research Laboratories, Inc., 30 East 42nd 
Street, New York, N. Y. 


Members: 


Bibber, L. C., Welding Engineer, Carnegie-Illinois Steel Corpo- 
ration, Pittsburgh, Pa. 

re Everett, President, Lukenweld, Inc., Coatesville, 

a. 

Crafts, Walter, Union Carbide and Carbon Research Labora- 
tories, Niagara Falls, N. Y. 

Crawford, W. E., Consulting Engineer, A. O. Smith Corpora- 
tion, Milwaukee, Wis. 
Deppeler, J. H., Chief Engineer and Works Manager, Metal & 
Thermit Corporation, 120 Broadway, New York, N. Y. 
Gibson, A. E., President, The Wellman Engineering Co., 
Cleveland, Ohio. 

Hodge, Dr. J. C., Vice-President, The Wellman Engineering 
Co., Cleveland, Ohio. 

Hopkins, R. K., Allegheny-Ludlum Steel Company, Pitts- 
burgh, Pa. 
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Jennings, C. H., Research Engineer, Westinghouse Electric & 
Manufacturing Co., East Pittsburgh, Pa. 

Johnson, J. B., Chief, Materials Branch, Wright Field, Day- 
ton, Ohio. 

Miller, H. L., Metallurgist, Republic Steel Corporation, Mas- 
sillon, Ohio. 

Mochel, N. L., Metallurgical Engineer, Westinghouse Elec- 
tric & Manufacturing Co., Philadelphia, Pa. 

Navy Department, Bureau of Ships, Washington, D. C 
(Representative). 

Theisinger, W. G., Welding and Metallurgical Engineer, 
Lukens Steel Co., Coatesville, Pa. 

Thum, E. E., Editor, Metal Progress, Cleveland, Ohio. 

Warner, W. L., Associate Metallurgical Engineer of Welding, 
Watertown Arsenal, Watertown, Mass. 


IV. High-Alloy Steels, Dr. S. L. Hoyt, Chairman; Battelle 


Memorial Institute, Columbus, Ohio. 
Members: 


Aborn, R. H., Metallurgist, Research Laboratories, U. S. Steel 
Corporation, Kearny, N. J. 

Armstrong, T. N., Metallurgist, International Nickel Co., 67 
Wall Street, New York, N. Y. 

Bibber, L. C., Welding Engineer, Carnegie-Illinois Steel Cor- 
poration, Pittsburgh, Pa. 

Chapman, E. C., Metallurgical Engineer, Hedges-Walsh 
Weidner Div., Combustion Engineering Company, Chatta 
nooga, Tenn. 

Eckberg, A. R., Superintendent, Engineer & Maintenance 
Shop, Eastman Kodak Co., Rochester, N. Y. 

Fish, E. R., Chief Engineer, Boiler Division, Hartford Steam 
Boiler Inspection & Insurance Co., Hartford, Conn. 

Forker, Edson, Manager, Process Equipment Division, Blaw- 
Knox Co., Pittsburgh, Pa. 

Franks, Russell, Research Metallurgist, Union Carbide and 
Carbon Research Laboratories, Niagara Falls, N. Y. 

Fraser, O. B. J., Superintendent, Technical Service, Mill Prod- 
ucts, International Nickel Co., 67 Wall Street, New York, 
N. Y. (Representing Committee VII). 

Johnson, A. C., Vice-President, Downingtown Iron Works, 
Downingtown, Pa. 

Johnson, Leon H., Chief Engineer, Struthers-Wells Co., 
Warren, Pa. 

Krivobok, V. N., Director of Structural Research, Lockheed 
Aircraft Corp., Burbank, Calif. 
Lichtenwalter, T. R., Metallurgical Department, Republic 

Steel Corporation, Massillon, Ohio. 

Lincoln, R. A., Allegheny-Ludlum Steel Corporation, Bracken 
ridge, Pa. 

Lockeman, G. F., Procter & Gamble Co., Ivorydale, Ohio 

Mathias, D. L., Research Engineer, Metal & Thermit Corpora- 
tion, 120 Broadway, New York, N. Y. 

Maurath, G. A., President, Maurath, Inc., Cleveland, Ohio. 

Maxwell, H. L., Chief Metallurgist, Experimental Station, 
E. I. du Pont de Nemours and Co., Wilmington, Del. 

Navy Department, Bureau of Ships, Washington, D. C. (Rep- 
resentative). 

Nelson, T. H., Consulting Metallurgist, Midvale Steel Com 
pany, Spring Mill Road, Villanova, Pa. 

Norwood, S. M., Electro Metallurgical Co., Carbide & Carbon 
Bldg., 30 East 42nd Street, New York, N. Y. ; 
Olt, T. F., The American Rolling Mill Co., Middletown, Ohio. 
Payson, Peter, Research Laboratory, Crucible Steel Co., 

Atha Works, Harrison, N. J. 

Scheil, Merrill A., Director, Metallurgical Research, A. O 
Smith Corporation, Milwaukee, Wis. 

Theisinger, W. G., Lukens Steel Company, Coatesville, Pa. 

Thomas, R. D., President, Arcos Corporation, Philadelphia, 


Pa. 
Thum, E. E., Editor, Metal Progress, Cleveland, Ohio. 
Vincent, C. R., Jr., Steel and Alloy Tank Co., Newark, N. J 
Winlock, Joseph, Chief Metallurgist, E. G. Budd Manufactur- 
ing Co., Philadelphia, Pa. 


Subcommittees of Committee IV 


2-b. Evaluation of Welds, Leon H. Johnson, Chairman. 
Members: 
Navy Department, Bureau of Ships (Representative). 
Thomas, R. D. 
2-c. Weld Fe-Cr with 18-8, W. R. Grunow, Chairman; Alle 
gheny Ludlum Steel Co., Brackenridge, Pa. 
Members: 
ag H. S., The M. W. Kellogg Co., Jersey City, 
v. J 


Chapman, E. C. 

Fitch, T. S., Room 1013, Social Security Bldg., Wash- 
ington, D. C. 

Fraser, O. B. J. 
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VI. 


VIL. 


Fyke, F. 
Box 37, Elizabeth, N. J. 

Krivobok, V. N. 

Magos, J. P., Director of Research, Crane Co., 4100 S. 
Kedzie Ave., Chicago, II. 


Stress Corrosion, Merrill A. Scheil, Chairman. 


C., Standard Oil Development Corporation, 


Members: 

Hodge, J. C., Vice-President, The Wellman Engineering 
Co., Cleveland, Ohio. 

LaQue, F. L., International Nickel Co., 67 Wall Street, 
New York, N. Y. 

Miller, Dr. J. L., Firestone Tire & Rubber Co., Akron, 
Ohio. 

Zmeskal, Otto, Illinois Institute of Technology, Chicago, 


4. Corrosion Tests, P. Payson, Chairman. 


Members: 
Bibber, L. C. 
Bonney, J. L. V. 
Lichtenwalter, T. R. 
Thomas, R. D., Jr., Arcos Corporation, Philadelphia, Pa. 
5. Heat Treatment, R. Franks, Chairman. 
Members: 
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Pa. 
Chapman, E. C. 
Grove, H. A., Republic Steel Co., Central Alloy Dis- 
trict, Massillon, Ohio. 
Krivobok, V. N. 
Varnes, S. K., E. I. du Pont de Nemours and Co., Wil- 
mington, Del. 
Manganese-Chromium Alloys, S. M. Norwood, Chair- 
man. 
Aluminum Alloys, G. O. Hoglund, Chairman; Welding 
Engineer, Aluminum Co. of America, New Kensington, Pa. 


Members: 


Hibert, C. L., Consolidated Aircraft Corporation, Lindbergh 
Field, San Diego, Calif. 

Jones, S. O., Welding Engineer, Newport News Shipbuilding 
and Dry Dock Co., Newport News, Va. 

Navy Department, Bureau of Ships, Washington, D. C 
(Representative). 

Rockefeller, H. E., Manager, Process Development Depart- 
ment, The Linde Air Products Co., 30 East 42nd Street, 
New York, N. Y. 


Copper Alloys, D. K. Crampton, Chairman; Research 
Director, Chase Brass and Copper Co., Waterbury, Conn. 


Members: 


Cecil, R. E., Vice-President of Sales, Wm. B. Scaife & Sons 
Co., Oakmont, Pa. 

Freeman, J. R., Jr., Technical Manager, The American Brass 
Co., Waterbury, Conn. 

= F. A., Welding Technician, J. L. White Co., Waterbury, 
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Jennings, C. H., Engineer in Charge of Welding Research, 
Westinghouse Electric & Manufacturing Co., East Pitts- 
burgh, Pa. 

Lincoln, J. F., President, The Lincoln Electric Co., Cleveland, 
Ohio. 

Reed, W. C., General Electric Co., Pittsfield, Mass. 

Wilkins, R. A., Metallurgical Engineer, Revere Copper and 
Brass, Inc., Rome, N. Y. 

Wood, M. L., Chase Brass & Copper Co., Waterbury, Conn 


Nickel Alloys, O. B. J. Fraser, Chairman; Superintendent, 
Technical Service, International Nickel Co., 67 Wall Street, 
New York, N. Y. 


Members: 


Bash, F. E., Manager, Technical Department, Driver-Harris 
Co., Harrison, N. J. 

Clark, R. W., Welding Engineer, Works Laboratory, General 
Electric Co., Schenectady, N. Y. 
Deppeler, J. H., Chief Engineer and Works Manager, Metal 
& Thermit Corporation, 120 Broadway, New York, N. Y. 
Hoyt, Dr. S. L., Technical Adviser, Battelle Memorial Insti- 
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and Dry Dock Co., Newport News, Va. 
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Watertown, Mass. 
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Vincent, C. R., Jr., Steel and Alloy Tank Co., 


Engineer, 


Newark, N. J. 
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lege, Department of Applied Mechanics, Schenectady, N. Y. 


Members: 


deForest, Prof. A. V., Department of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Mass. 

Freeman, J. R., Jr., Technical Manager, The American Brass 
Co., Waterbury, Conn. 
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Howell, F. M., Aluminum Co. of America, New Kensington, 
Pa. 

Jennings, C. H., Engineer in Charge, Welding Research, West- 
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Pa. 

Kinzel, Dr. A. B., Chief Metallurgist, Union Carbide and Car- 
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N. Y. 

Loos, C. E., Manager, Structural and Steel Plate Bureau, 
Carnegie-Illinois Steel Corporation, Pittsburgh, Pa. 

Navy Department, Bureau of Ships, Washington, D. C 
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Warner, W. L., Associate Metallurgical Engineer of Welding, 
Watertown Arsenal, Watertown, Mass. 


Analysis of Weld Failures (not yet organized) 


Weld Stresses—Causes and Effects, 
Chairman; 


Members: 

Donnell, Lloyd H., Dept. of Mechanical Engineering, Illinois 
Institute of Technology, Chicago, Ill 

Eksergian, Dr. Rupen, E. G. Bugid Manufacturing Co., 
Philadelphia, Pa. 

Eriksen, Prof. E. L., University of Michigan, Ann Arbor, 
Mich. 

Fairchild, F. P., Public Service Company, Newark, N. J 

Hollister, S. C., Dean of Engineering, Cornell University, 
Ithaca, N. Y. 

Kinzel, Dr. A. B., Chief Metallurgist, Union Carbide and 
Carbon Research Laboratories, 30 East 42nd Street, New 
York, N. Y. 

MacGregor, Prof. C. W., Department of Applied Mechanics, 
Massachusetts Institute of Technology, Cambridge, Mass. 
Marchant, Dr. J. H., Engineer, Pratt & Whitney Aircraft Co, 

E. Hartford, Conn. 

Marin, Prof. Joseph, Department of Civil Engineering, Illinois 
Institute of Technology, Chicago, II. 

Nadai, Dr. A., Consulting Mechanical Engineer, Westing- 
house Electric & Manufacturing Co., East Pittsburgh, Pa. 

Navy Department, Bureau of Ships, Washington, D. C. 
(Representative) 

Sayre, Dr. M. F., Department of Applied Mechanics, Union 
College, Schenectady, N. Y. 

Winlock, Joseph, E. G. 
Philadelphia, Pa 


Everett Chapman, 
President, Lukenweld, Inc., Coatesville, Pa 
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Non-Destructive Tests, Dr. H. H. Lester, Chairman; Senior 
Physicist, Watertown Arsenal, Watertown, Mass 
Members: 
Adams, Dr. C. A., E. G. Budd Manufacturing Co., Phila- 


delphia, Pa 

Carpenter, O. R., 
Ohio 

de Forest, Prof. A. V., Department of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Mass., 
Vice-Chairman. 

Doan, Prof. Gilbert E., Head, Department of Physical Metal- 
lurgy, Lehigh University, Bethlehem, Pa 

Jackson, T. M., Electrical Engineer, Sun Shipbuilding & Dry 
Dock Co., Chester, Pa. 

Kouwenhoven, W. B., Dean, School of Engineering, Johns 
Hopkins University, Baltimore, Md. 

Lucas, Dr. F. F., Bell Telephone Laboratories, 463 West Street, 
New York, N. Y. 

Mochel, N. L., Metallurgical Engineer, Westinghouse Electric 
& Manufacturing Co., Philadelphia, Pa. 

Norton, Prof. J. T., Department of Metallurgy, Massachu 
setts Institute of Technology, Cambridge, Mass 


(Advisory ) 
The Babcock & Wilcox Co., Barberton, 
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Vivell, Prof. A. E., Department of Electrical Engineering, 
Princeton University, Princeton, N. J. 

Warner, W. L., Associate Metallurgical Engineer of Welding, 
Watertown Arsenal, Watertown, Mass. 
Resistance Welding, George S. Mikhalapov, Chairman; 

850 Euclid Avenue, Cleveland, Ohio. 

Members: 


Bibber, L. C., Welding Engineer, Carnegie-Illinois Steel Cor- 
poration, Pittsburgh, Pa. 

Bowman, Robert, Wright Field, Dayton, Ohio. 

Cogan, H., Chief Engineer, National Electric Welding Ma- 
chines Co., Bay City, Mich. 

Crawford, W. E., Consulting Engineer, A. O. Smith Corpora- 
tion, Milwaukee, Wis. 

Eksergian, C. L., Chief Engineer, Budd Wheel Co., 12141 
Charlevoix Ave., Detroit, Mich. 

Fetcher, J. R., Welding Engineer, E. G. Budd Manufacturing 
Co., Philadelphia, Pa. 

Fraser, O. B. J., Superintendent, Technical Service, Interna- 
tional Nickel Co., 67 Wall Street, New York, N. Y. 


Garman, G. W., Application Engineer, Resistance Welding, - 


General Electric Co., Schenectady, N. Y 

Gathman, M. B., Fisher Body, Detroit Division, Detroit, 
Mich. 

Gillette, R. T., Welding Engineer, General Electric Co., 
Schenectady, N. Y. 


Kinzel, A. B., Chief Metallurgist, Union Carbide and Carbon 
Research Laboratories, 30 East 42nd Street, New York, 
N. Y 


Magee, G. M., Association of American Railroads, Chicago, 
Ill 


Moisseiff, L. S., Consulting Engineer, 99 Wall Street, New 
York, N. Y. 

Morgan, N. W., U. S. Public Roads Administration, Wash- 
ington, D. C. 

Morris, C. T., Professor of Civil Engg., Ohio State University 
Columbus, Ohio. (Representing Committee XV, American 
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Navy Department, Bureau of Ships, Washington, D. C. 
(Representative). 

Spaulding, R. E., President, Aetna Steel Construction Co., 
Jacksonville, Fla. 

Spraragen, W., Executive Secretary, Welding Research Com- 
mittee, Engineering Foundation, 29 West 39th Street, New 
York, N. Y. 

Templin, R. L., Chief Engineer of Tests, Aluminum Co. of 
America, New Kensington, Pa. 

Wilson, A. R., Engineer of Bridges and Buildings, Pennsy]- 
vania Railroad, Philadelphia, Pa. (Representing Associa- 
tion of American Railroads). 

Wilson, W. M., Research Professor of Civil Engineering, Uni- 
versity of Illinois, Urbana, III. 


Hall, P. M., Taylor-Hall Welding Co., Worcester, Mass. 

Heitman, Charles E., Welding Engineer, A. O. Smith Corpora- 
tion, Milwaukee, Wis. 

Hensel, F. R., Consulting Engineer, Department of Metal- 
lurgy, P. R. Mallory & Co., Inc., Indianapolis, Ind. 

Hess, Prof. W. F., Rensselaer Polytechnic Institute, Troy, 
N.Y 


Subcommittees of Committee F: 


On Strength of Butt Welds, H. C. Boardman, Chairman. 
Bibber, L. C. 
Chapman, Everett 
U. S. Navy, Bureau of Ships (Representative). 
Wilson, W. M. 


Hoglund, G. O., Welding Engineer, Aluminum Co. of America, On Strength of Fillet, Plug and Slot ‘Welds, F. H. Frankland, 


New Kensington, Pa. Chairman. 
Huester, H. J., Reynolds Metals Co., 201 Southern Bldg., Grover, LaMotte 
Washington, D. C. Morgan, N. W. 
Humphrey, S. M., Electrical Engineer, Taylor-Winfield Cor- Morris, C. T. 

poration, Warren, Ohio. Wilson, W. M. 


Jennings, C. H., Engineer in Charge of Welding Research, 
Westinghouse Electric & Manufacturing Co., East Pitts- 
burgh, Pa. 


On Metallurgical Effect of Welding on Fatigue Strength in the 
Absence of Mechanical Stress Raisers, A. B. Kinzel, Chairman. 


Merriman, Paul, Glenn L. Martin Co., Baltimore, Md. ae cla H., Secretary 

Department, Bureau of Aeronautics, Washington, D. C. Morgan N W 
Representative). 

Navy Department, Bureau of Ships, Washington, D. C. Wilson, W. M., Advisory 
(Representative). 


G. Structural Steel Committee, L. S. Moisseiff, Chairman; 


Pfeiffer, C. L., Electrical Engineer, Western Electric Co., Consulting Engineer, 99 Wall Street, New York, N. Y. 


Hawthorne Works, Chicago, III. 

Priest, H. M., Railroad Research Bureau, U. S. Steel Corp. 
Subsidiary, 612 Frick Bldg., Pittsburgh, Pa. 

Unger, A. M., Development Engineer, Pullman-Standard Car 
Manufacturing Co., Chicago, II. 


Members: 


Frankland, F. H., Director of Engineering, American Institute 
of Steel Construction, Inc., 101 Park Ave., New York, N. Y 


Wood, M. L., Plant Research Section, Chase Brass & Copper 
Co., Waterbury, Conn. 


F. Fatigue Testing (Structural), Jonathan Jones, Chairman; 


Chief Engineer, Bethlehem Steel Co., Bethlehem, Pa. 

Members: 

Archibald, Raymond, U. S. Public Roads Administration, 
Washington, D. C. 

Bibber, L. C., Welding Engineer, Carnegie-Illinois Steel Cor- 
poration, Pittsburgh, Pa. 

Boardman, H. C., Director of Research, Chicago Bridge and 
Iron Co., 1305 West 105th Street, Chicago, II. 

Bruckner, Prof. W. H., University of Illinois, Urbana, III. 

Carpenter, A. W., Engineer of Bridges, New York Central 
Railroad, New York, N. Y. 

Chapman, Everett, President, Lukenweld, Inc., Coatesville, 


Goodrich, C. F., Chief Engineer, American Bridge Co., Pitts 
burgh, Pa. F.H. Dill, Alternate. 

Grover, LaMotte, Structural Welding Engineer, Air Reduc 
tion Co., 60 East 42nd Street, New York, N. Y. 
Hardesty, Shortridge, representing American Society of Civil 
Engineers, Room 1612, 101 Park Ave., New York, N. Y 
Johnston, Prof. Bruce G., 8415 Woodcliff Court, Piney Branch 
Apts., Silver Spring, Md. 

Jones, Jonathan, Chief Engineer, Bethlehem Steel Co., Bethle 
hem, Pa. H. W. Lawson, Alternate. 

Low, A. S., Vice-President, The Austin Co., 16112 Euclid Ave, 
Cleveland, Ohio. 

Navy Department, Design Engineer, Bureau Yards and 
Docks, Washington, D. C. 

Spraragen, William, Executive Secretary, Welding Research 
Committee, 29 West 39th Street, New York, N. Y. 


Pa. H. Aircraft Welding Research Committee, George S. Mikhala 

Frankland, F. H., Director of Engineering, American Institute pov, Chairman; War Metallurgy Committee, National Re 
of Steel Construction, Inc., 101 Park Ave., New York, N. Y. search Council, 850 Euclid Avenue, Cleveland, Ohio. 

Goodrich, C. F., Chief Engineer, American Bridge Co., Pitts- Eastern Division—Paul H. Merriman, Chairman; Glenn | 
burgh, Pa. Martin Company, Baltimore, Md. 

Grover, LaMotte, Structural Welding Engineer, Air Reduc- Western Division—Maurice Nelles, Chairman; Lockheed Air 
tion Sales Co.. 60 East 42nd Street, New York, N. Y. craft Corp., Burbank, Calif. 

Hollister, S. C., Dean of Engineering, Cornell University, Note: The scope of this Committee has been changed to 
Ithaca, N. 4 include all aircraft welding research. 

Hopkins, Walter C., Bridge Engineer, Maryland State Roads Subcommittee to Prepare Weldability Standards for New Aircra/t 
Commission, Baltimore, Md. . Steels: Dr. S. L. Hoyt, Chairman; Battelle Memorial Institut 

Hunley, J. B., New York Central R.R., Chicago, Ill. Columbus, Ohio 

Jennings, Charles H., Research Engineer, Westinghouse Elec- + : 
= and Manufacturing Company, East Pittsburgh, Pa. 

_ (Representative of Committee IT.) Barrett, Louis, Glenn L. Martin Company, Baltimore, Md 

Kelley, E. F., Engineer of Tests, U. S. Public Roads Adminis- Fleischmann, Martin, Timken Roller Bearing Co., Canton, 
tration, Washington, D. C. Ohio. 


Members: 


~ * The Aircraft Section of this Committee has been transferred to Commit- Humberstone, J. H., War Metallurgy Committee, National 
tee H Research Council, 850 Euclid Avenue, Cleveland, Ohio 
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Johnson, E. R., Republic Steel Corporation, Massillon, Ohio. 

—D. H. Ruhnke, Alternate. 

Johnson, J. B., Chief, Materials Branch, Wright Field, 
Dayton, Ohio. 

Lytle, A. R., Union Carbide & Carbon Res. Lab., Niagara 
Falls, N. Y. 

Williamson, A. J., Summerill Tubing Co., Bridgeport, Pa. 


Subcommittee on Development of Electrodes: Dr. Maurice Nelles, 


Chairman; Lockheed Aircraft Corp., Burbank, Calif. 
Members: 
Brugge, B. J., Lincoln Electric Co., Washington, D. C. 
Humberstone, J. H., War Metallurgy Committee, National 
Research Council, 850 Euclid Avenue, Cleveland, Ohio 
Eastern Division—Paul H. Merriman, Chairman; Glenn L. 
Martin Company, Baltimore, Md. 


A. Resistance Welding Section 


Members: 


Anthony, R. E., Goodyear Aircraft Corp., Akron, Ohio. 

Bowman, R. E,. 2nd Lt. U. S. Army Air Force, Material 
Division, Wright Field, Dayton, Ohio. 

Carroll, Don I., Vultee Aircraft, Inc., Nashville, Tenn. 

Courtemanche, E., Briggs Mfg. Co., Detroit, Mich. 

Dawson, J. W. Ratheon Corp., Waltham, Mass. 

Garman, G. W., General Electric Co., Schenectady, N. Y. 

Gray. J. T., Aeronautical Chamber of Commerce, Washing- 
ton, D. C. 

Hess, W. F., Rensselaer Polytechnic Institute, Troy, N. Y. 

Hoglund, G. O., Aluminum Company of America, New Ken- 
sington, Pa. F. G. Pyne, Alternate. 

Jenkins, E. S. Director of Structural Research, Curtiss- 
Wright Corp., Aeroplane Div., Buffalo, New York. 

Jenks, Col. G. F., Taylor-Winfield Corporation, Warren, 
Ohio. Alternate—Humphrey, S. M. 

Johnston, S. Paul, Curtiss-Wright Corp., 815—15th Street, 
N. W., Washington, D. C. 

Lawson, T. R., Westinghouse Electric & Mfg. Company, 
East Pittsburgh, Pa. 

Lingle, Lt. Col. D. L., Army Air Corps, Army Munitions Bldg., 
Washington, D. C. 

Mikhalapov, George S., War Metallurgy Committee, National 
Research Council, 850 Euclid Avenue, Cleveland, Ohio. 

Moore, R. R., Naval Aircraft Factory, Philadelphia, Pa. 

Morris, Fred M., Fleetwings, Inc., Bristol, Pa. 

a Dr. Maurice, Lockheed Aircraft Corp., Burbank, 
Calif. 

Noyes, W. M., Armstrong Cork Co., Lancaster, Pa. 

Ogden, Jack, Fisher Body, Central Engineering Corp., De- 
troit, Mich. 

Partridge, William F., Gruman Aircraft Engineering Corp., 
Bethpage, L. I., N. Y. 

Promisel, N. E., Bureau of Aeronautics, U. S. Navy, Washing- 
ton, D. C. 

Robinson, R. G., National Advisory Committee for Aero- 
nautics, 1500 New Hampshire Avenue, Washington, D. C. 

Schmidt, Dr. H. W., Dow Chemical Co., Midlands, Mich. 

Sciaky, Mario, Sciaky Corporation, Chicago, III. 

Titherington, Charles C., Chas. C. Brewster Aeronautical 
Corp., Brewster Bldg., L. I. City, N. Y. 

Vollmecke, A. A., Asst. Chief, Civil Aeronautics Authority, 
Dept. of Commerce, Washington, D. C. 

Wilson, Tom, Vought-Sikorsky, Stratford, Conn. 

Wise, B. L., Federal Machine & Welder Co., Warren, Ohio. 


Subcommittee on Rensselaer Project: Paul H. Merriman, Chairman; 


Glenn L. Martin Company, Baltimore, Md 
Members: 
Bowman, R. E. 
Hoglund, G. O. 
Mikhalapov, G. S. 
Promisel, N. E. 
Robinson, R. G. 
Wilson, Tom 


B. Fusion Welding Section 
Members: 


Altman, Peter, Director, Manufacturing Research Dept., 
Vultee Aircraft, Inc., Detroit, Mich. 

Barnett, Orville, Metal & Thermit Corp., 92 Bishop St., 
Jersey City, N. J. 

Barlow, Cecil B., Stearman Aircraft Division, Boeing Air- 
plane Co., Wichita, Kans. 


Barrett, Louis, Glenn L. Martin Company, Baltimore, Md 

Barrett, M. A., Beach Aircraft, Wichita, Kans 

Bowman, R. E., Army Air Corps, Wright Field, Dayton, Ohio 

Brugge, B. J., Lincoln Electric Co., 410 Hill Bldg., Washing 
ton, D. C. 

Buckwalter, T. V., Timken Roller Bearing Co., Canton, Ohio 
Martin Fleischmann, Alternate. 

Card, H. S., Formed Steel Tube Institute, 1621 Euclid Ave 
nue, Cleveland, Ohio. 

Clark, Prof. Donald S., California Institute of Technology, 
Pasadena, Calif. 

Gray, J. T., Aeronautical Chamber of Commerce, Washing 
ton, D. C. 

Hoglund, G. O., Aluminum Co. of America, New Kensington 
Pa. F. G. Pyne, Alternate. 

Hoyt, Dr. S. L., Battelle Memorial Institute, Columbus, Ohio 

Hudson, H. W., National Tube Co., Ellwood Works, Ellwood 
City, Pa. Paul Daley, Alternate. 

Humberstone, J. H., War Metallurgy Committee, National 
Research Council, 850 Euclid Avenue, Cleveland, Ohio 

Jenkins, E. S., Director of Structural Research Curtiss- 
Wright Corporation, Aeroplane Division, Buffalo, New York. 

Jenks, Col. G. F., Taylor-Winfield Corporation, Warren, 
Ohio. 

Johnson, J. B., Army Air Corps, Wright Field, Dayton, Ohio. 

Johnston, S. Paul, Curtiss-Wright Corp., 815—15th St., 
N. W., Washington, D. C. 

Kugler, A. N., Air Reduction Sales Co., 60 East 42nd St., 
New York, N. Y. 

Lewis, H. R., Ohio Seamless Tube Company, Shelby, Ohio. 

Lytle, A. R., Union Carbide and Carbon Research Labs., 
Niagara Falls, N. Y. 

Mikhalapov, George S., War Metallurgy Committee, National 
Resarch Council, 850 Euclid Ave., Cleveland, Ohio. 

Morse, A. L., Civil Aeronautics Authority, Washington, D. C. 
A. A. Vollmecke, Alternate. 

Nelles, Dr. Maurice, Lockheed Aircraft Corp., Burbank, 
Calif. 

Robinson, R. G., National Advisory Committee for Aero- 
nautics, 1500 New Hampshire Ave., Washington, D. C. 
Schnee, V. H., Battelle Memorial Institute, Columbus, Ohio. 
Navy Dept., Bureau of Aeronauticg (Represented by Com- 

mander J. E. Sullivan). 
Williamson, A. J., Summerill Tubing Co., Bridgeport, Pa 
Yates, Ira, Chairman Welding Section, National Electrical 
Manufacturers’ Association, Wilson Welder and Metals 
Co., 60 East 42nd St., New York, N. Y. 


Western Division—Maurice Nelles, Chairman; Lockheed Air- 
craft Corp., Burbank, Calif 


Members: 


Barnard, A. F., Vultee Aircraft, Inc., Downey, Calif. 

Binge, B., Hughes Aircraft Co., Culver City, Calif. H. W. 
Jelliffe, Alternate. 

Chiles, Harry, Lockheed Aircraft Corp., Burbank, Calif. 

Clark, Prof. D. S., California Institute of Technology, Pasa- 
dena, Calif. 

Dean, E., Vultee Aircraft, Inc., Downey, Calif. 

Earnest, L. E., Solar Aircraft Co., 18th & Grand Avenues, 
Des Moines, Iowa. 

Gallant, C. J., Jr., North American Aviation, Inc., Inglewood 
Calif. 

Gross, B., Rohr Aircraft Corp., Chula Vista, Calif. 

Harrison, William D., Douglas Aircraft Co., Santa Monica, 
Calif. 

Hartman, Edwin, NACA representative, Moffett Field, Calif. 

Hawley, P., Northrop Aircraft Co., Hawthorne, Calif. 

Hibert, C., Consolidated Aircraft Corp., San Diego, Calif. 

Jenks, Col. G. F., Taylor-Winfield Corporation, Warren, Ohio 

Marsh, Louis, Boeing Aircraft Co., Seattle, Wash. 

Merriman, Paul H., Glenn L. Martin Company, Baltimore, 
Md. 

Mikhalapov, G. S., War Metallurgy Committee, National 
Research Council, 850 Euclid Ave., Cleveland, Ohio. 

Oberholtzer, J. G., North American Aviation Co., Inglewood, 
Calif. 

Pavlecka, V. H., Northrop Aircraft Co., Hawthorne, Calif 

Piper, T. E., Northrop Aircraft Co., Hawthorne, Calif 

Rockwell, M. M., Lockheed Aircraft Corp., Burbank, Calif 

Siefkin, E., Vega Aircraft Corp., Burbank, Calif. 

Van dan Akker, William J., Ryan Aeronautical Co., San 
Diego, Calif. 
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THE ENGINEERING FOUNDATION 
WELDING RESEARCH COMMITTEE 


LITERATURE 


THREE 
DIVISIONS < FUNDAMENTAL 


INDUSTRIAL 


Cooperation with 425 Research and Engineering Specialists in the 


United States 


Exchanges reports with corresponding Research Committee British Institute 
of Welding 


55 Active Projects in Engineering Schools 
60 Digests of Technical Literature with Bibliographies already published 


Monthly Supplement containing technical reports of current welding research 


in University and Industrial laboratories 


Budget for current year $208,677 exclusive of time and 


travel expenses of Committee Members 


Annual Contributions range up to $7500 


Cooperation Invited and Needed 
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Infra-Red Photography of Fusion Welds 


By Wn. T. Tiffint 


joining together the adjacent edges of two similar 

metals or alloys at a temperature sufficient to melt 
the adjoining edges and cause intimate mixing before 
cooling and solidification. The application of heat 
necessary to bring about this intimate fusion is known 
as the heat of welding and, in effect, has the same result 
upon the welded metals as the ordinary heat-treating 
process. For example, to weld a steel containing a car- 
bon content greater than 0.30%, the molten metal must 
be at a temperature around 3000° F. However, if the 
steel were being hardened by some heat-treating process, 
it would only be necessary to heat the steel to 1650° F. 
If the hot weld were suddenly cooled, as in hardening, 
the weld metal and any adjacent metal that had been 
at a temperature of 1650° F. or above at the precise in- 
stant of cooling would be hardened. The resultant cooled 
weld would be hard and brittle. However, if the welded 
specimens were cooled slowly, the steel would return to 
its original or normalized condition. The necessary 
requisite for hardening is that the pieces be cooled sud- 
denly from some temperature above that known as the 
upper critical temperature, or 1650° F. in the above ex- 
ample. 

The characteristic which causes hardening of steel 
when suddenly cooled from above its upper critical tem- 
perature is due to the retention in solid solution of the 
carbon content of the steel. If we should start with a 
steel specimen at room temperature and slowly add heat, 
we would find that the temperature of the specimen in- 
creased uniformly up to about 1350° F. At this point, 
however, we would find that, regardless of the constant 
input of heat, the temperature of the steel remained 
constant for a short period. After this short period, the 
temperature of the specimen would again start increas- 
ing until in the vicinity of 1650° F. the temperature would 
again cease to rise despite the continued input of heat at a 
constant rate. As formerly, however, the temperature 
would again increase after this stop or soaking period. 

Now, the temperatures at which the steel remains con- 
stant for a short period, despite the input of heat at a 
constant rate, are known as the critical points. Ex- 
periment and examination have proved that either a 
Structural or a chemical change takes place within the 
Steel at these critical points. The chemical change 
involves the passage of the carbon content of the steel 
into solid solution with the iron of the steel. As such, a 

S., Philadelphia, 


* Presented at the Annual Meeting, A. , Oct. 20 
Contribution to Fundamental ha Division. 
t College of Engineering, The University of Oklahoma, Norman, Okla. 


Pissing welding may be defined as the process of 


to 24, 1941. 


solid solution of carbon in iron, it becomes hardenable if 
subjected to rapid cooling from a temperature in the 
neighborhood of 1650° F. Thus its resistance to shock 
or to impact is lessened. 

If we consider the joining by welding of two adjacent 
pieces of steel, we could visualize the reaction of each ad- 
jacent part as it was raised to the welding temperature. 
The metal immediately adjacent to and fused into the 
weld metal would, of course, be raised to well above its 
upper critical point, namely 1650° F. If we measured 
the temperature adjacent to the weld and at different 
distances away from the weld metal, we would find a 
gradual decrease from the weldimg temperature to 
the normal or room temperature of the welded pieces, 
provided, of course, the parts were large enough to pre- 
vent being heated throughout. It can be seen, then, 
that the metal adjacent to the weld and for some dis- 
tance out from the weld will have been heated to above 
one of its critical points, either the lower at 650° F., the 
intermediate at 1150° F. or the upper critical at 1650° F. 


Fig. 1 
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Fig. 3 
Panatomic X 
Meter 13/25 


Seconds @ {/22 
200 Watt Spot 


Infra-red 25A Filter 10 Seconds @ f{/22 


Meter 13/25 200 Watt Spot 


Fig. 4 


Consequently, the structural and chemical composition 
of the metal so affected will have been changed and re- 
sultant tests would show decided changes in physical 
characteristics. 

To the engineer, this change in physical characteristics, 
due to the heat of welding, is of extreme importance. A 
design calling for completely annealed and normalized 
welded joints would mean that the weld metal and the 
metal adjacent thereto would have to be in the normal- 
ized state. It has been stated that hardening of steel is 
due to sudden cooling. Hence, if after welding, the 
joints were so protected as to insure slow cooling, the 
metal would return to its original normalized condition, 
However, some structural and chemical change will have 
taken place within the metal affected by the welding heat. 
Microscopic examination will show visually this change. 
Moreover, for all practical purposes, the heat-affected 
zone can be outlined by etching with acid as previously 
mentioned. 

Assuming that we have secured a welded specimen and 
subjected the section to an acid etch, we can note the 
degree of fusion obtained, any impurities within the 
weld or adjacent metal, and we can also identify the heat- 
affected zone. Figure | is a cross-sectional drawing of 
an etched weld specimen indicating the weld metal, the 
zone of fusion, the heat-affected zone and the parent 
metal. In actual practice, it is customary to photo- 
graph the etched specimen and retain the print as a 
permanent record if required for future reference. Since 
the photograph must show every detail in the best 
possible relation and since the contrast between the 
separate zones is of considerable importance, consider- 
able attention has been given to various methods to be 
used in photographing such specimens. At present, 
practically all photographic work of the above nature 
has been under conditions where white light was used as 
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a source of illumination. The successful use of infra-req 
light as an illuminating source for documentary, aerial, 
landscape and medical photography led the author to a 
consideration of the use of infra-red to photograph metal- 
lic specimens 

Since welded joints and the adjacent metal are syb. 
jected to temperatures capable of affecting the structura] 
and the chemical composition of the metal, it is reasop- 
able to suppose that light reflected from the varying sur- 
faces will be reflected in some relation to the composition 
of the metal. That is to say, a dense small-grained meta] 
will have a greater reflectivity than a loose coarse-grained 
metal. In the same way, metal that has been heat 
treated will reflect, in some degree, slightly different than 
metal of the same composition that has not been heat 
treated. The problem, then, becomes one of securing a 
source of light for illumination which will be affected by 
the varying metal in a degree sufficient to be recorded on 
a photographic plate. For present practical reasons, it is 
necessary to attempt to adapt the light source to one for 
which the available photographic plates are sensitive. 
Infra-red light was chosen in this investigation because 
all metals act as almost perfect reflectors for infra-red 
and longer wave lengths, films are available which are 
sensitive to infra-red to a high degree, accessory equip- 
ment is available commercially and infra-red photog- 
raphy presents no problems that are, to any appreciable 
degree, greater than those encountered in photography 
with ordinary white light. By the use of infra-red, it is 
hoped to show a greater degree of contrast between the 
affected zones of a welded section thereby increasing the 
value of the resultant photographs. 

For the purposes of photography and for the purposes 
of this investigation, we may regard light as a form of 
energy which travels as a series of waves of different 
frequency and wave length through a hypothetical me- 
dium. This is in keeping with the generally accepted 
theory predicted by Maxwell in 1860 and developed by 
Hertz in 1892. This is also in agreement with the later 
Quantum Theory originated by Planck in 1900. 

This conception of the fundamental nature of light 
involves certain characteristics which may be determined 
experimentally. Light travels at a velocity of approxi- 
mately 186,000 miles per second. Moreover, since this 
velocity is constant, the only characteristics which we 
need consider here are those of wave length and of fre- 
quency, although common usage generally involves 
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reference only to light waves in terms of their wave 
lengths. The relation between these functions may be 


expressed by the equation: 


V = md 


in which V is the velocity, m the frequency and \ the wave 
length. The extreme shortness of light waves requires 
the designation of their lengths in units that would pre- 
vent the cumbersome handling that would be involved 
if ordinary units of measure were used. Most common 
of the units used is the Angstrom which is equivalent to 
one-ten millionth of a millimeter. Larger units, the 
micron and the millimicron are also used. Table 1 lists 
the relationship between these units. 


Table |—Units of Measure for Wave Length 


Unit Symbol 
Angstrom A 
Millimicron 

Micron 


1A = 10-7 mm 
mp = = 10A 
ly = 107? mm. = 10,000 A 


Sir Isaac Newton, in 1666, first decomposed white 
light into its component colors. He also proved that 
further decomposition of the components was impossible 
and that recombination of the spectral colors reproduced 
white light. Figure 2 illustrates the method of dis- 
persion of light through a glass prism and indicates the 
extent of the visible light spectrum. In 1800, Sir William 
Herschel discovered an invisible portion of the spectrum 
now known as the “‘infra-red,’’ which means ‘“‘below the 
red."" The experiment which led up to and served as 
resultant proof of an invisible portion of the light spec- 
trum beyond the visible red end consisted in passing a 
thermometer through the spectrum. As the thermome- 
ter was carried out into the visible red end, the tempera- 
ture increased. The temperature further increased to a 
maximum as the thermometer was carried out into the 
region beyond the visible red. Further passage away 
from the visible red resulted in the temperature decreas- 
ing, finally falling to room temperature. 


Table 2—Wave Lengths in the White Light Spectrum 
Color 
Ultraviolet 
Visible 
Infra-red 


Wave Length 

136-3900 A 
3900-7600 A 
7600-5,000,000 A 


Table 2 lists the various wave lengths within which the 
respective colors of the spectrum are included, the end of 
the visible spectrum in the red end being generally taken 
at about 7600 A. 

In infra-red photography, to secure a light source with- 


Table 3—Infra-Red Transmission of Filters 


Shortest Wave Length 
Transmitted 
5600 A 
6000 A 
6200 A 
6700 A 
6800 A 
7000 A 
7200 A 
7400 A 
7700 A 


Filter 
‘Wratten No. 2: 
Wratten No. 25 
Wratten No. 29 
Wratten No. 
Wratten No. 
Wratten No. 8° 
Wratten No. 
Wratten No. 
Wratten No. 


in a definite range of wave lengths, colored glass or 
gelatin filters are used to absorb the unwanted rays. 


In Table 3 are listed a series of filters manufactured by 
Eastman Kodak Company indicating the wave length 


beyond which the filter will transmit. 


Thus, to photograph a specimen by exposure to infra- 


red light, it is necessary only to cover the lens with a 
filter of the desired wave length and use a film sensitized 
for the infra-red. 
experimental procedure followed in this investigation 
and show the results in pictorial and tabular form, as a 
basis for information upon which further experimenta 


The following pages will outline the 


tion and development of infra-red photography may be 
carried out. While the results were in some degree as 
expected, they only served to demonstrate the tremen 
dous progress and further experimentation that remain to 
be carried out. 

Equipment used for white light photography may be 
used for infra-red with the addition of a few simple and 
relatively inexpensive light filters, a means of holding 
the filters in their proper positions, and suitably sensi 
tized film. Although all the above equipment is avail 
able commercially, special filter holders for the lenses 
used in this investigation were constructed. These 
holders provided greater rigidity than the commercial 
types, allowed easy and rapid insertion and changing of 
different filters, and provided a firm, light, tight con 
nection between the filters and the lens holders. 

The most suitable method for taking photographs by 
infra-red is that in which the Wratten No. 25-A filter ts 
employed. This filter permits the use of standard tung 
sten filament photoflood lamps. Moreover, negatives of 
suitable density may be secured without overlong ex 
posure. Table 4 lists the most satisfactory light concen 
trations and exposure times for the 25-A filter: 


Table 4—Exposure Table for Wratten No. 25-A Filter 


Filter 
Factor 


Photofloods in Reflectors 
Number Aperture 
1 f/22 
2 f/22 


Exposure 
1 min 10 
35 sec 10 


Eastman Infra-Red Safety Film 


In this investigation, a Weston Light Meter was used 
to determine the exposures necessary under ordinary 
white light conditions. When a filter is used, however, 
it is necessary to multiply the exposure time obtained 
with the light meter by a factor known as the “‘‘filter 
factor.’ For example, under the conditions set up for 
Table 4, the light meter indicated an exposure time of 6 
seconds under white light conditions and without the 
use of a filter. However, to secure a suitable negative, 
where one light bulb was used, one minute or ten times 
the indicated exposure was required. When the ex 
posure was made under two lights, the same filter factor 
indicated an exposure time of 35 seconds. This figure 
was used and a satisfactory negative secured. 

Most satisfactory developing solution for infra-red 
film with corresponding conditions of time and tem 
perature is listed in Table 5. These conditions should be 


able 5—Development of Eastrnan Infra-Red Film 


Developer Temperature Time 


D-76 65° F 8 minutes 
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closely observed in that infra-red film must be processed 
in total darkness thus preventing examination during de- 
velopment. 

Film should be fixed or hardened in Eastman Hypo, 
formula F-5. A solution of one ounce of potassium 
chrome alum in 32 ounces of water should be used, in 
warm weather, as a wash between the developer and the 
hardening baths. Final washing, before drying, should 
be in an ample supply of running water for a period of at 
least 30 minutes. The wash water should not be at a 
temperature in excess of 80° F., otherwise segregation or 
“articulation” of the film emulsion will result, thus 
ruining the negative. 

Most satisfactory prints were secured on Eastman Azo 


No. 2 paper. Development was carried out in No. D-72 
developer. F-5 hypo solution with the intermediate 


hardening bath was used for hardening and fixing the 
emulsion. 


Fig. 9 
25A Filter 


Infra-red 
Meter 25/13 


10 Seconds @ f/22 
200 Watt Spot 


Panatomic X 
Meter 25/13 


£/22 — 1% Seconds 
200 Watt Spot 
Fig. 10 


Figure 3 is a photograph of a one-inch-thick welded 
specimen. The magnification is two times. This ex- 
posure was under white light and was made on Eastman 
Panatomic X Film. Figure 4 is a photograph of the same 
specimen made on infra-red film with a 25-A filter. 
While no great degree of difference exists, Fig. 4, the 
infra-red photograph, shows a slightly greater contrast 
between the light and dark components. Thus, the 
grain structure of the weld metal is more effectively out- 
lined. This slight contrast is again brought out in the 
composite photograph of Figs. 5 and 6. In Fig. 6, the 
infra-red photograph, the grain structure shows better 
contrast. Defects in the parent plate and along the 


edge of fusion are also more clearly outlined. 
Figure 7 is an exposure made on Panatomic X Film 
under white light. 


Figure 8 is the same specimen photo- 
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FES. 
-87 Filter 


Infra-red 
Meter 25/13 


10 min. @ £/22 
200 Watt Spot 
Fig. 11 


graphed by infra-red. The contrast of details in Fig. 8 
is of considerable superiority. The grain structure is 
clearly outlined and indicated, and the contrast between 
the weld metal, the line of fusion and the heat-affected 
zone is clearly outlined while in Fig. 7 the corresponding 
zones are somewhat indefinite. 

Figure 9 is an infra-red photograph of a weld specimen 
that had been etched in hydrochloric acid for 16 hours. 
Magnification is two and one-half times. The weld 
metal was deposited in layers, 16 successive beads or 
“‘passes”’ being necessary. Figure 10 is the same speci- 
men photographed on Panatomic X. In the infra-red 
photograph, successive beads are more easily distin- 
guished and the successive heat-affected zones more 
clearly outlined. 

Figure 11 is an infra-red photegraph of a weld speci- 
men. Two No. 2 photoflood lamps were used and the 
exposure time was 20 minutes. The magnification in 
this exposure was one and one-half times. One detail 
of significance here is the long dark lines noticed in the 
parent plate outside the weld. In Fig. 10, taken under 
white light, these lines are but faintly indicated. In 
Fig. 11, however, these lines are very prominent and 
indicate a defect within the body of the parent plate. 
The defect appears to be an incompletely fused lamina- 
tion caused by cold working of the plate during rolling 
in the mill. Such a defect would require further in- 
vestigation to determine the effect of such a cold lami- 
nation upon the working strength of the plate. 

From the foregoing, we may therefore conclude that 
when weld specimens are photographed under infra-red 
light, the resulting prints show a greater degree of con- 
trast between the weld metal, the zone of fusion and the 
heat-affected zone than do photographs made under white 
light. Defects within the structure of the weld and of 
the parent plate are more clearly outlined and empha- 
sized by means of infra-red light; hence, the resulting 
photograph should prove of more practical value than the 
ordinary white light photograph. 

Longer exposure times are necessary to secure satis- 
factory prints from infra-red negatives. As the density 
of the infra-red filter, hence, the transmitted wave length 
increases, the exposure time increases greatly. This 
greater length of time required makes such exposures 
impractical. Exposure times can be reduced by in- 
creasing the temperature of the specimen. However, 
the temperature should be well below the lower critical 
point of the metal to prevent chemical and structure! 
changes that would not present the true picture of the 
specimen in its original condition. 
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Tests of Miscellaneous Welded 
Building Connections 


By Bruce Johnston' and Gordon R. Deits* 


Introduction 


HE primary purpose of this investigation was to 

check the adequacy of certain types of welded 

building connections now being used in actual 
practice. The laboratory specimens were designed 
similar to details on actual design sheets. Twenty-one 
beam-to-column connections were tested in all and there 
were five different types of connections. The investiga- 
tion was not expected to furnish complete information 
about any one type, but some of the tests may furnish 
a limited amount of information and point the way to 
desirable future research programs. 

The assumptions usually made in current design prac- 
tice were followed. It was intended to test designs which 
might prove either good or poor, therefore the inclusion 
of a connection type in this program does not neces- 
sarily indicate it to be good design. 

This investigation is one of a series which has been 
sponsored at Lehigh University by the AMERICAN WELD- 
ING Society. The program forms a part of the activity 
of Committee G on Structural Steel, of the Industrial 
Division of the Welding Research Committee of the 
Engineering Foundation. A special subcommittee or- 
ganized to work on the Lehigh test program consisted of 
Mr. F. H. Dill, representing Mr. C. F. Goodrich, of the 
American Bridge Company, Mr. Heath Lawson, repre- 
senting Mr. Jonathan Jones, of the Bethlehem Steel 
Company, Mr. Carl Kreidler, of the Lehigh Structural 
Steel Company, and the authors. General details were 
outlined at a meeting of the subcommittee on July 8, 1940. 
These details were criticized by the main committee, 
after which shop details were prepared. The shop de- 
tails were revised in accord with the subcommittee’s 
suggestions and the revised details were checked by 
Mr. Lawson. Fourteen of the specimens were fabri- 
cated by the Bethlehem Steel Company under simulated 
field positioning for welds usually field welded and seven 
of the spécimens were fabricated in the Fritz Laboratory 
by a qualified welder of the same company under similar 
conditions. Acknowledgment is made to Mr. Howard 
Godfrey, formerly Engineer of Tests at the Fritz Labora- 
tory, and to Professor Hale Sutherland, Head of the De- 
partment of Civil Engineering and Director of the Fritz 
Engineering Laboratory for their interest and assistance 
in carrying out the program. Acknowledgment is also 
due to Mr. Leon S. Moisseiff and Mr. William Spraragen, 
Chairman and Secretary, respectively, of Committee G. 


Connection Design Requirements and Test Procedure 


The design requirements for a beam-to-column or 
beam-to-girder connection in a steel building frame will 
include the following: 


* Paper presented at the Annual Meeting, A. W. S., Philadelphia, Pa., Oct. 
20 to 24, 1941. Contribution to Industrial Research Division, Welding Re- 
search Committee. 
t Associate Director, Fritz Engineering Laboratory, Lehigh University, 
Bethlehem, Pa. 
American Welding Society Research Fellow, Lehigh University, 
ehem, Pa. 


1. The connection must have vertical shear strength 
sufficient to safely carry the vertical beam end reaction 
produced by the vertical loads. 

2. If lateral forces such as wind loads are to be con- 
sidered, the connection must have moment strength as 
well as shear strength. 

3. If the connection is designed only for vertical 
loads it must either be (a) flexible, or non-moment 
resisting, or (6) moment resisting with moment strength 
inversely proportionate to its flexibility. 

4. The connection should be economical in design, 
easily accessible for welding and convenient for erection 
procedures. 

The connections tested in this investigation are de- 
signed for vertical loads alone, but, in view of condition 
(3) above, it is necessary to investigate their moment- 
rotation characteristics. 

Building connections may be classified under three 
different headings with respect to their moment-rotation 
characteristics. 

1. Rigid Connections are those in which the rotation 
between the end of the beam and the column is reduced 
to a minimum by the use of heavy connection details. 
The behavior and bending moment diagrams for a beam 
with such connections is illustrated in Fig. 1 (@). In 
such a connection the bending moments may be calcu- 
lated by analysis of the structure as a continuous frame. 
Rigid welded building connections were investigated by 
Wilbur M. Wilson and reported on in THE WELDING 
JourNAL.§:! Rigid connections are usually uneconomi- 
cal in ordinary building construction except in cases 
where lateral forces must be resisted and continuity is 
required. Another application of the rigid connection is 
in the modern industrial or auditorium building. 

2. Flexible Connections are those which are capable 
of carrying the required end reaction, but which allow 
relatively free rotation between the end of the beam and 
the column, as illustrated in Fig. 1 (c). A flexible con- 
nection conforms to the common assumption of simple 
supports in which case the beams are designed for full 
simple beam moment. A program of tests of flexible 
seat and top angle connections was recently reported in 
in THE WELDING JouRNAL.? Although no connection 
is completely flexible, satisfactory connections may be 
designed to develop less than ten per cent of the end 
moment in a fully rigid connection. 

3. Semi-Rigid Connections are those which transmit 
bending moment with some degree of rotation between 
the ends of the beam and the columns, thereby providing 
a degree of restraint somewhere between complete 
rigidity and complete flexibility. The behavior and 
bending moment diagram for a beam with such con- 
nections is illustrated in Fig. 1 (6). Such connections 
afford possibilities of balanced economy in beam and 
connection design.’ Investigations of welded semi-rigid 
seat and top angle connections have been carried out at 


§ These numbers refer to the references at the end of the report. 
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(a) Rigid Beam-Column Connections 


Less than Simple | 
Rotation 
(b) Semi-Rigid Beam-Column Connections 


Full Simple Beam 
Rotation 


(c) Flexible Beam-Column Connections 
Fig. 1—Three Classifications of Welded Beam to Column Connections 


Lehigh University. > Such connections are difficult to 
design because they must provide a balance between 
strength and flexibility with regard to moment and rota- 
tion, respectively. 

Many connections designed only for vertical reaction 
are inherently semi-rigid, thereby developing end mo- 
ments which may not have been considered in the 
design. Such connections may not be strong enough to 
carry the end moments imposed by the normal tendency 
for the ends of the beam to rotate when the beam is 
loaded, in which case the design is faulty. In the design 
of welded connections it cannot be too strongly empha- 
sized that end restraint and flexibility, as well as shear or 
reaction, must be given due consideration. The mere 
assumption of simple-beam end conditions is not adequate. 

A typical set-up to test the moment and rotation re- 
quirements of a connection is shown in Fig. 2, which is 
similar to that used in previous tests.» 4 The connec- 
tion assemblage, consisting of two beam stubs attached 
to a column stub, is supported in an inverted position. 
The supports supply shear and moment at the con- 
nection approximately equivalent to the shear and mo- 
ment at the end of a building beam framed at each end 
of acolumn. After a preliminary determination of the 
moment-rotation characteristics of the connection at 
low loads the moment arm length, a (Fig. 2), may be 
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horizontal movement 
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Fig. 2—Typical Arrangement for Moment-Rotation Test 
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adjusted so that the ratio between moment and shear 
will simulate any desired beam length and load condi- 
tion. This ratio of moment to shear will remain the same 
as in the simulated structure as long as there is a linear 
relation between moment and rotation. 

Figure 2 shows the rotation bars used to measure rela- 
tive rotation between beam and column by use of a 20. 
in. level bar of the same type used and described jn 
previous investigations.» > The level bar was sensitive 
to changes in angle of '/20oth of a radian or to +19 
seconds. Figure 2 also shows '/jo0-in. dial gages jn 
position to measure horizontal movement, thereby 
locating the center of rotation as well as checking the 
rotation bar results. Dial gages are also shown in 


Fig. 3—Test Setup W19 


position to measure vertical movement. The test set 
up was modified in various tests to suit the particular 
conditions, such a modification being shown in Fig. 3, 
which is a photograph of W19 during test with the level 
bar, rotation bars, and dials all in position. The lateral 
outriggers shown in this photograph were used only on 
the spandrel connection tests to help prevent twist of 
the free ends of the beam stubs. 

During the progress of a typical test the relation 
between moment and rotation was approximately linear 
at low loads. As the connections began to yield, the 
rotations increased disproportionately to the moments. 
In an actual beam framed in a building the non-linear 
increase in rotation would result in an increasing ratio 
of vertical reaction to moment. The laboratory spect 
mens were tested with a constant load arm and, there- 
fore, a constant ratio between reaction and moment. 
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Hence, the laboratory tests in the non-linear range pro- 
vided insufficient vertical reaction and too much moment. 

Additional information regarding reaction capacity 
was obtained after the rotation test had been carried to 
failure or to a large distortion of one side of a connection 
assemblage. The remaining duplicate connection, al- 
ready distorted in rotation, was tested for direct re- 
action capacity by the test set-up shown in Fig. 4. In 
calculating the connection reaction in this set-up, the 
assumption of simple supports at each end was made. 
[he actual reaction at the connection would be slightly 
higher and the assumption is therefore on the safe side. 
The results of these tests provide information listed 
under the heading “Supplementary Shear Tests.”’ 

The results of the laboratory moment-rotation tests 
may be correlated with the corresponding design re- 
quirements for any particular beam length-depth (//d) 
ratio and for any specified load distribution. Figure 5, 
with moments as ordinates and rotations as abscissas, 
shows curves which might have been plotted from test 
results in which successive increments of moment and 
rotation were measured. Curve A shows hypothetical 
test results for a nearly ‘“‘rigid’’ connection which de- 
velops more than twice the fixed end moment without 
yield and therefore has a factor of safety of more than 2. 
' The sloping straight lines intersecting curves A, B, C 
and D indicate the design requirements and two times 
the design requirement in moment and rotation com- 
bined. These design requirement lines were called 
“beam lines’ by C. Batho,* who showed that by con- 
necting the ordinate axis equal to fixed end moment with 
the abscissa axis equal to simple beam rotation a graphi- 
cal method of relating the M-¢ (moment-rotation) curve 
to actual beam performance was obtained. The ordinate 
intersection of the test curve with the “beam line’ 
shows the end moment that would be developed at the 
euds of a particular beam attached to non-rotating 
columns by the connection in question. The ratio of 
actual end moment to fixed-end moment multiplied by 
100 is termed the “‘percentage rigidity.’ The abscissa 
at the beam line intersection gives the actual rotation 
of the semi-rigid connection between beam ends and 
non-rotating columns. 

The equation of the ‘‘beam line’ for any symmetrical 
load condition may easily be shown to be® 

2 
This is a straight line in terms of the two variables 
and ¢. 
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Fig. 4—Arrangement for Supplementary Shear Test after Moment- 
otation Test 
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A) Relatively "Rigid Cdnnectian. 
\ B) Unsatisfactory “Semil-Rigid’ Connection 
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©) Relatively “Flexible” |\Connection. 
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Fig. 5—Moment and Rotation Design Requirements for a Beam to 
Column Connection 


E = modulus of elasticity 
I = moment of inertia of beam 
1 = beam span 
Mr = fixed end moment for a beam with ‘‘rigid’’ con- 
nections 
When ¢ 0, = Me and when M = 0, ¢ = 


Mrl/2EI = simple-beam end rotation. If the columns 
bend by frame action the actual design requirements 
may be slightly more or less but the beam line for the 
fixed column provides a simple and graphical comparison 
for various connections. 

Curve B indicates a hypothetical /-¢ curve for a semi- 
rigid connection with 75 per cent rigidity in the low load 
range. In curve B the weld is presumed to tear before 
the beam line representing two times design requirement 
is reached. Such a connection may be termed unsatis- 
factory if a factor of safety of 2 is desired. Curve C 
indicates a satisfactory semi-rigid connection, which 
passes two times the design requirements with small loss 
in proportionality, therefore, having a factor of safety 
of more than 2, both in respect to moment and rotation. 

It is again emphasized that connections designed for 
shear but not designed for moment must nevertheless 
pass the moment-rotation design requirements indicated 
in Fig. 5 in order to be satisfactory. 

The behavior of a relatively flexible connection with 
less than ten per cent rigidity is shown in Fig. 5 by curve 
D. Such a connection satisfactorily meets the moment- 
rotation design requirements and if it also meets the 
shear requirements it is a satisfactory connection. 

The plot of M-g values in an actual test, W20, is 
related in Fig. 6 to the moment-rotation design require- 
ments of a 14WF34 beam. Beam lines are shown for 
both uniform load and for a concentrated load in the 
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Fig. 6—M-¢ Curve for Test W20 Reiated to Moment-Rotation Beam 
Design Requirementsg 


center, as well as for //d ratios of 10 and 20, between 
which occur most length-depth ratios of building beams. 
The construction of the beam lines is aided by the 
following relations which are easily derived. It is as- 
sumed that the beams are designed for full simple 
beam moment, using a maximum allowable fiber stress 
of 20 kips per sq. in. E is assumed to equal 30,000 kips 
per sq. in., S = section modulus, / = beam length, d = 
beam depth. 


Uniform Concentrated Load 
Load at Center 


Fixed end moment Mr = “ S 10S 
1/l 
(5) x 1078 


3 


Simple beam end connec- a(5 ) 10-3 


tion rotation 


Fig. 7—Test Wt 


Fig. 8—Test W3 


In view of the fact that the M-y beam design require. 
ments are more severe for uniform load the concentrateg 
load beam lines are omitted in the remainder of the re. 
port, for the various connection test results. 


General Remarks on Test Program and Design of 
Specimens 


The various test specimens have been classified as ty 
type or function under five general headings, as follows 

Group I.—The beam web is welded directly to the 
column or girder by fillet welds or, as an alternate, side 
plates are used to bridge the clearance beyond the end 
of the beam web. 

Group II.—(a) A seat angle carries the vertical re. 
action and the beam web is supported laterally by a side 
plate or clip angle. 

(6) A seat angle carries the vertical reaction and , 
top plate is fillet welded to the top beam flange and butt 
welded to the column flange or web. 

Group III.—A tee is welded to the column or girder, 
with provision for slot and fillet welds between the out- 
standing leg of the tee and the beam web. 

Group IV.—In these connections a clip angle is shop 
welded to the beam web with fillet welds. Erection bolt 
holes are provided in the outstanding legs of the angle 
After bolting up, the beam web is butt welded to the 
column or girder with weld laid over the shop fillet weld. 

Group V.—These consist of several different methods 
used for spandrel beam connections applied eccentrically 
to one column flarige. 

The following general remarks pertain to all of the test 
specimens, details of which are presented in this report 
All material was required to meet A. S. T. M. Specifica- 
tion A-7-39 for Building and Bridge Steel. All sections 
of the same size were cut from a single rolling and an extra 
sample was furnished for tensile coupons. All welding 
was done by qualified welders, with field positions simu- 
lated for field welds, and with weld electrodes correspond- 
ing to A. S. T. M. Specification A 233-40 T, Class 
E6010 for vertical welds and fillet, Class E6020 for 
horizontal and flat welds. The specimens were as- 
sembled in position by tack welding and then welded up 
according to the shop details. Beam and column sizes 
of all specimens are tabulated along with test results in 
Table II. 

The beams were connected to the column web rather 
than column flange when no special requirements gov- 
erned the choice. Connections to the column flange 


Fig. 9—Test W5 
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are given additional flexibility by the bending of the 
flange. Hence the most critical test condition is to the 
column web, and in addition such connections also simu- 
late conditions which would exist in a beam-to-girder web 
connection. 

The procedure used in designing the test specimens 
was based on current practice, with required weld areas 
calculated wherever possible on the basis of the following 
allowable stresses. 


Allowable Stress, Psi 
15,600 
13,600 
13,000 


The 1938 edition of the AMERICAN WELDING SOCIETY 
Handbook, together with design data sheets prepared 
by the American Bridge Company and Bethlehem Steel 
Company, was consulted in designing the specimens. 
The specimens, however, do not necessarily represent 
design practice approved by any one of these organiza- 
tions. Further details on design will be discussed under 
the various group sub-headings. 


Butt welds in tension 
Fillet welds 
Allowable shear in beam web 


Group I—Design Details and Test Results 


Design Details 


The six specimens in this group, W1 to W6, inclusive, 
were all welded at the Fritz Engineering Laboratory. 
Specimens W1, W3 and W5 are classified as Sub-Group 
I (a), and the details of these specimens are shown in 
Figs. 7 to 9, inclusive. In this Sub-Group all of the 
beams were 1ISWFS85 welded to 12WF65 column sections, 
and were designed for a 72-kip vertical reaction. All of 
the specimens were welded to the column web and the 
test results apply to beam-to-girder connections equally 
as well as to beam-to-column connections. In tests 


W1 and W3 only '/s-in. clearance or “‘setback’’ was al- 
lowed as the beam webs were welded directly to the 
column web. In test specimen W5 the use of side plates 


Fig. 11—Test W3 


Fig. 10—Test 


allowed a '/2-in. setback which would facilitate erection. 

Tests W2, W4 and W6, constituting Sub-Group I (0), 
are similar to W1, W3 and W5, respectively, except that 
a lighter weight beam size (ISWF47) and smaller welds 
were used. These connections were designed for a 24- 
kip vertical reaction. This Sub-Group is detailed in 
Figs. 14 and 15. 

From the point of view of erection, connections of this 
type offer difficulties because of the small '/s-in. clear- 
ance and because of the difficulty in holding beams in 
place while welding. The use of side plates eliminates 
the small clearance. In designing the four connections, 
which had the beam webs welded directly to the column 
web, shear in the beam web adjacent td the welds was the 
determining factor for weld length. The weld size was 
governed by the beam web thickness and the '/,-in. 
setback, this being considered sufficient to force yielding 
in the beam web. 


Fig. 12—Test W5 
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Fig. 14—Test W2 


Individual Test Results, Sub-Group I (a), Tests W1, W3 
and W5 


Fig. 15—Test W4 


Fig. 16—Test W6 


adjacent to and roughly parallel with the entire length 
of the weld showed that the beam web had yielded along 


stoppe 


bearing 
Fe Test W1.—Figure 10 shows by photograph the condi- the full length of weld. This was followed by further Test 
i. tion of the specimen after the moment-rotation test. progressive yielding in the beam web. tion of 
hes Figure 13 shows the graph of the moment-rotation read- At V = 72.5 kips and .M = 870 kip-in., both welds on As sh 
_ ings during the test together with the beam line for de- the east beam cracked very slightly at the top. Pro- rotatio 
ie sign requirements for uniform load. Figure 13 shows gressive tearing through the weld took place at higher Phe cx 
“8 this connection to have yielded rather generally before loads. Owing to the cracks in the welds and yielding in attribu 
ee reaching design requirements for //d = 10, but the con- the beam web the lower flanges of the beams began to stress | 
BG: nection shows considerable rotation and strength reserve bear against the columns, after which the connections tively 
1 beyond general yielding. became stiffer. prior t 
\ A 12-in. moment arm was used in the moment- At V = 159.9 kips and M = 1918 kip-in., the ultimate rotatio 
7 rotation test. At V = 30 kips and M = 360 kip-in. load was reached and the load thereafter fell off as further irom 1 
| the beam web showed initial signs of yielding adjacent to tearing in the east beam weld developed. The test was with it 
ae the lower ends of the welds, the strain lines showing no stopped when the welds had torn about three inches. end-re 
= definite orientation. The weld fracture started in the root of the weld but A 9- 
) At V = 55 kips and M = 660 kip-in., a strain line shifted as the test progressed to the area along the end test wy 
“ of the beam web. unloac 
: 1800 Fa In the supplementary shear test this connection de- 
a | (, veloped 200 kips shear on the previously cracked weld 
a 1918.8 In. Kip| Max of the west beam with no further weld distress. 
1600 | Test W3.—Figure 11 shows a photograph of the condi- 
Be tion of the specimen after the moment-rotation test. 
The general behavior of this test was similar to that of 
W1, as shown by the moment-rotation graph in Fig. 13. 
- As in the case of W1, general yielding developed in the 
3 connection before the moment-rotation requirements 
1200 }— were passed, but the connection showed considerable 
* = | reserve beyond general yielding. 
A 12-in. moment arm was used in the moment-rotation 
test. At V = 30 kips and M = 360 kip-in., the beam 
i Z ri we X = Initiai web showed initial signs of yielding. Continued load- 
3 ri Weld (Tear ing to V = 50 kips and M = 600 kip-in. caused progres- 
800 om ae — Seu sive yielding in the beam web adjacent to the weld. 
| Zz Weld At V = 80 kips and M = 960 kip-in., both beam 
: > In. Kip Max flanges were beginning to bear against the column and 
600 the connection stiffness increased. 
s At V = 82.5 kips and M = 990 kip-in., the top of the 
4 northeast weld cracked through the root, followed at 
o 400 Wie —¥ an higher loads by progressive tearing of the northeast and 
i southeast welds. 
| At V = 117.5 kips and M = 1410 kip-in., the maxi- 
200 IR mis mum load was reached after the crack had progressed 
about two inches. The cracks originally had appeared 
- 4 in the root of the weld, but after a short distance the 
: ° | | crack moved to the column side of the weld and the base 
0.004 0.008 0.012 0.020 0.024 0028 ©0032 of the column pulled out. 
rm ROTATION BETWEEN Beam 6 COLUMN IN RaDIANS In the supplementary shear test the connection de- 
. Fig. 13—Moment Rotation Curves for Tests W1, W3, and WS veloped 188 kips without weld failure, but the test was 
10-3 WELDING RESEARCH SUPPLEMENT JANUARY 1942 


ss 
1BW 47034 


we 
Fig. 17—Test W2 


stopped because of crippling of the beam web under the 
bearing block. 

Test W5.—Figure 12 shows a photograph of the condi- 
tion of the specimen after the moment-rotation test. 
bn As shown in Fig. 13 this connection had much less 
o- rotation reserve after yielding than did W1 and W3. 
er [he comparatively poor showing of this connection is 
i attributed to the fact that the side plates transfer the 
to stress to a very large area of the beam web. The rela- 
ns tively light welds cannot develop web yield strength 
prior to weld failure. Since a large part of the ultimate 
rotation of this general type of connection must come 
er irom beam web yielding, the result is low flexibility 
as with insufficient strength to develop the accompanying 
end-restraint moments. 

A 9-in. moment arm was used in the moment-rotation 
test up to V = 75 kips, after which the specimen was 
unloaded and reloaded with a 13-in. moment arm. 


Fig. 18—Test W4 


At V = 72.5 kips and M = 652 kip-in., initial yield- 
ing was noted in the middle of the beam web near the 
side plate. 

At V = 62.5kipsand M = 812 kip-in., after the change 
in moment arm, both welds on the east connection failed 
suddenly through the weld roots, and the connection 
would not carry any increase in load. The welds were 
cracked for a distance of about six inches in the east 
connection. 

In the supplementary shear test the west connection 
developed a reaction of 170 kips, at which time the web 
buckled under the loading block. 


Individual Test Results, Sub-Group I (b), Tests W2, W4 
and W6 


Test W2.—The specimen is detailed in Fig. 14, photo- 
graphed after moment-rotation test in Fig. 17, and the 
moment-rotation curve is plotted in Fig. 20. General 
yielding of this connection is noted in Fig. 20 between the 
design requirements for //d = 10 and //d = 20. As in 
the case of the heavier connections of the same type, 
there is a considerable reserve of connection rotation be- 
yond general yielding. 

The moment-rotation test was started with a moment 
arm of eight inches. At V = 13 kips and M = 104 kip- 
in., initial yielding in the beam web adjacent to the 
lower end of the weld was noted. The yielding in the 
beam web gradually progressed until at V = 25 kips 
and . = 200 kip-in., the yielding adjacent to the weld 
was general. 

At V = 28 kips and M = 224 kip-in., the ultimate 
load was reached as the southwest weld fractured for a 
length of one inch down from the top. At this point 
the load was removed and the support$ were moved in 
to a distance of two inches from the column face. Load 
was applied up to V = 117.5 kips and M = 235 kip-in., 
when the west beam web failed with a crack at both top 
and bottom. No supplementary shear test was made 
since the test with the two-inch moment arm had 
adequately checked the reaction value of the connection. 


WG 


Fig. 19—Test W6 
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Test W4.—The specimen is detailed in Fig. 15, photo- 
graphed after moment-rotation test in Fig. 18, and the 
moment-rotation curve is plotted in Fig. 20 along with 
W2 and W6. General yield of this connection took place 
below the design requirements for //d = 10, but there 
was a fair reserve beyond yield. An eight-inch moment 
arm was used throughout the test. 

At V = 17 kips and M = 136 kip-in., yielding was 
first noted at the bottom of the weld in the beam web, 
spreading progressively with increasing load. 

At V = 27 kips and M = 216 kip-in., the beam web 
began to yield near the top of the weld. 
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At V = 29kips and M = 232 kip-in., a crack developed 
in the top of the east weld, followed by progressive 
tearing in the beam web up to the maximum load of V = 
36.5 kips and M = 292 kip-in., when the tear in the beam 
web was about three inches long and the test was stopped. 

In the supplementary shear test a reaction of 110 
kips was applied to the west beam without weld failure 
and the test was stopped because of crippling in the beam 
web. 

Test W6.—The specimen is detdiled in Fig. 16, photo- 
graphed after the moment-rotation test in Fig. 19, and 
the moment-rotation curve is plotted in Fig. 20 along 
with tests W2 and W4. This test showed a deficiency 
similar to its companion test W5 in the heavier beam size, 
although to a less degree. Too much web area is used in 
resisting the moment, reducing the flexibility of the con- 
nection and causing failure to be primarily in the weld 
metal. 

The fillet welds which are detailed as */s in. in Fig. 
16 were '/s in. oversize on the west connection and 
slightly less than '/\. in. undersize on the east connection. 

At V = 18 kips and M = 144 kip-in., a strain line 
appeared at the bottom of the northeast side plate ad- 
jacent to the weld, and at V = 22 kips and M = 176 
kip-in., a similar strain line appeared on the southeast 
side plate. No further strain lines were noted until 
the connection failed in the undersized southeast weld 
at the top, and at load of V = 24 kips and M = 192 kip- 
in. 
At V = 25.7 kips and M = 205.2 kip-in., a maximum 
load was reached as the northeast weld cracked. Con- 
tinued loading increased the length of the crack to about 
two inches, when the test was stopped. The weld 
fractured along the root on both sides. 

In the supplementary shear test a reaction of 127 kips 
was applied to the west connection. At this load the 
side plates were yielding and the beam web crippled 
under the bearing block. 


Group II—Design Details and Test Results 


Design Details 


The five specimens in this group are subdivided into 
Sub-Group II (a), specimens W7 and WS detailed in 
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Figs. 21 and 22, and Sub-Group II (6), which includes 
specimens W9, W10 and W21, detailed in Figs. 26, 27 
and 28. All of the specimens except W21 were designed 
for a vertical reaction of 24 kips and W21 was designed 
for 72 kips. 

Test specimen W21 was fabricated in the Fritz 
Laboratory and the other four specimens were fabricated 
by the Bethlehem Steel Company. All of the speci- 
mens were supported by seat angles, designed to carry all 
of the vertical reaction. In tests W7 and WS (Group 
II (a)), side plates and side angles, respectively, were 
used to provide lateral support for the top of the beam. 
In tests W9 and W10 top plates welded between the top 
flange of the beam and the column flange were used to 
provide lateral support for the top of the beam. After 
these tests were completed it was apparent that the 
flexibility of the column flanges had contributed to the 
elastic behavior of tests W9 and W10. Test W21 was 
accordingly designed with an 1SWF85 beam supported 
by a stiffened seat and held laterally by top plates 
welded to the column web. 

The allowable reaction values for the welded seat angles 
were determined by design tables and charts used in the 
Bethlehem Steel Company design office. A previous 
A. W. S. investigation at Lehigh corroborates the use of 
these values.’ 


Individual Test Results, Sub-Group II (a), Tests W7 and 
Ws 


Test W7.—The specimen is detailed in Fig. 21, photo- 
graphed after the moment-rotation test in Fig. 23, and 
the moment-rotation curve is plotted in Fig. 25 along 
with W8. The first weld tear developed before reaching 
the design requirements for //d = 20 and the weld failed 
shortly after passing this beam line. 

The connection was much too weak with respect to 
moment to resist the moments which would be de- 
veloped in ordinary beam action by the inherent stiffness 


Fig. 23—Test W7 
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of the connection. The eccentric pull on the column 
weld tended to tear the weld at the root and the con- 
nection does not take advantage of the flexibility of the 
column flanges, but rather pulls directly in line with the 
comparatively rigid column web. 


Fig. 24—Test WS 
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Fig. 26—Test W9 


At V = 10 kips and M = 200 kip-in., the clip plate 
began pulling away from the column along the unwelded 
edge; and at V = 11.5 kips and M = 230 kip-in., a weld 
ping was heard, usually a sign of an initial weld crack. 

At V = 15 kips and M = 300 kip-in., a visible crack 
was noted in the east plate weld; and at V = 16.7 kips 
and M = 334 kip-in., the entire east plate connection 
pulled away suddenly and the test was stopped. Failure 
occurred through the root of the plate-to-column weld. 

A reaction load of 89 kips was applied to the west 
connection in the supplementary shear test, with failure 
due to cracking of plate-to-column weld, combined with 
crippling of beam web under bearing block and above the 
seat angle. 

Test W8—The specimen is detailed in Fig. 22, photo- 
graphed after the moment-rotation test in Fig. 24, and 
the moment-rotation curve is plotted in Fig. 25 along 
with W7. Initial weld tear and general yield both oc- 
curred before the moment rotation design requirements 
for 1/d = 10 were reached. 

This connection, like W7, tends to develop high 
moments because of its inherent rigidity, but is too weak 
to resist them. The disposition of weld metal, al- 
though similar to some actual details, puts the con- 
nection at a disadvantage. The omission of welds along 
the outstanding legs of the clip angle adjacent to the 
column, as advocated in a previous paper,’ would have 
provided greater flexibility with respect to rotation. 

The heel of the clip angle began to pull away from the 
column at V = 4.5 kips and M = 135 kip-in., and the 
column welds at the same point broke suddenly at V = 
4.77 kips and M = 143.2 kip-in. With continued load- 
ing the welds progressively tore away from the column. 
The load points were moved from 30 in. moment arm in 
to 8 in. and a maximum of V = 18.5 kips and M = 148 
kip-in. was reached. 

In the supplementary shear test a maximum reaction 
of 81 kips was reached and the test stopped because of 
beam web crippling above the seat angle. 


Individual Test Results, Sub-Group II (b), Tests W9, 
W10 and W21 


Test W9.—The specimen is detailed in Fig. 26, photo- 
graphed after the moment-rotation test in Fig. 29, 
and the moment-rotation curve is plotted in Fig. 32 
along with W10. This connection exhibits essentially 
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Fig. 27—Test W10 


elastic behavior beyond design requirements for //d = 
20 and there is an adequate safety factor both with re- 
spect to moment and rotation. The welds detailed as 
5/,.-in. butt welds were actually placed in an incomplete 
45° bevel and, hence, do not have a full 5/,-in. effective 
thickness. The welds have the appearance of, and prob- 
ably approach, fillet welds rather than true butt welds 

The downward deflection of the top flange of the 
beam, produced by seat-angle deflection and compres- 
sion in the beam web, relieves the stress in the root of 
the butt weld and results in favorable behavior of the 
top plate. 

First yielding was noted in the column web adjacent 
to the east seat angle at V = 31 kips and M = 620 kip- 
in. 
At V = 35 kips and M = 700 kip-in., the beam web 
began to yield locally above the seat angle. At V = 
40 kips and M = 800 kip-in., additional yielding was 
noted in the column web adjacent to the top plate. The 
seat angle showed signs of initial yielding due to bending 
at V = 53 kips and M = 1060 kip-in., although the con- 
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nection in general was essentially undamaged at this 
load. 

At V = 67.5 kips and M = 1350 kip-in., the column 
flanges were showing signs of “‘dishing.”” The down- 
ward deflection of the top flanges of the beams was 
causing the top plates to pull down, leaving a gap be- 
tween the plates and the top beam flanges. The top 
plates were stretched beyond the yield point at this 
load. Yielding progressed further at points already 
noted, and at V = 76.85 kips and M = 1537 kip-in., 
the beam web buckled laterally above the seat angle 
after general crippling had occurred in the beam web. 
Both top plate butt welds were intact when the test was 
stopped although the top plates had yielded generally. 
No supplementary shear test was necessary since the 
beam web had failed due to web crippling and buckling 
above the sea angle. 

Test W10.—The specimen is detailed in Fig. 27, photo- 
graphed after the moment-rotation test in Fig. 30, and 


Fig. 29—Test W9 


the moment-rotation curve is plotted in Fig. 32 along 
with W9. Although the top plate was considerably 
shorter in this test than in W9, the same behavior, es- 
sentially elastic in general, was noted considerably be- 
yond the maximum design requirements. 

The higher ultimate reaction carried by this connec- 
tion for 1/d = 20 indicates the participation of the short 
top plate in carrying the vertical reaction and in reduc- 
ing web buckling. 

Visual inspection of the top plate butt weld after fail- 
ure showed that the top plate had not been properly 
beveled according to details and that the weld approached 
a fillet rather than the butt weld as detailed. Slag in- 
clusions and poor penetration were noted in the root of 
the weld. The tendency of the top plate to pull down, 
as in the case of W9, tended to relieve stress concentra- 
tions and the tendency to tear in the root of the weld. 
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Fig. 30—Test W10 


The beam web showed signs of yielding locally above 
the seat angle at V = 38 kips and ./ = 760 kip-in., but 
the connection behaved elastically in general up to a load 
of V = 52 kips and M = 1040 kip-in., when initial 
yielding was noted in the top plate. At | = 60 kips 
and M = 1200 kip-in., the column web yielded adjacent 
to the seat angle. The column flanges showed signs 
of dishing near the top plate at V = 72 kips and M = 
1440 kip-in. Progressive yielding continued in various 
parts of the connection until at V = 93.25 kips and M = 
1865 kip-in. the west top plate butt weld broke suddenly 
with a ragged tear. The east top plate weld was be 
ginning to tear at the same time. 

No supplementary shear test was made because the 
connection had shown adequate strength in both shear 
and moment. 

Test W21.— The specimen is detailed in Fig. 28, photo- 
graphed in Fig. 31, and the moment-rotation curve is 
plotted in Fig. 33. In view of the high quality of per- 
formance shown by tests W9 and W10, test W21 was 
designed to serve as a more critical check on the pos- 
sibilities of this type of connection. Attachment was 
made to the column web rather than column flange to 
eliminate the flexibility of the column flanges. The 


Fig. 31—Test W21 
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stiffened seat construction required by the larger design 
reaction of 72 kips reduced the flexibility in the seat con- 
struction. The heavier beam size reduced the pos- 
sibility of web buckling which, in the case of W9 and 
W10, had tended to pull the top plate down and render it 
more effective. 

This specimen was made in the laboratory by a quali- 
fied welder, but the quality of the butt welds was very 
poor in spite of the fact that the top plates were carefully 
beveled as specified. The welds appeared satisfactory 
on the outside, prior to fracture, but inspection after 
failure revealed slag inclusions and poor penetration. 
Since the butt weld was reinforced by a fillet weld with 
a long horizontal leg, the equivalent size of the weld 
through the fractured section is about '/, in. On this 
one specimen the welder used the small laboratory 
A.-C. machine rather than the D.-C. machine, which 
was used on all other specimens fabricated in the labora- 
tory. Unfamiliarity with the laboratory A.-C. machine, 
particularly the low power output, were among the main 
causes of the poor welds. Specimens made at the 
Bethlehem Steel Company were all A.-C. welded. The 
quality of the butt welds on W9 and W10 was also poor 
for other reasons, but these connections showed up very 
favorably. 

Although the moment-rotation curve for this con- 
nection passes through the design-requirement for //d = 
20 without definite yielding in general, maximum load 
was reached shortly afterward and the connection is 
deficient both with respect to rotation and moment 
strength. 

At V = 60 kips and M = 1200 kip-in., initial yielding 
was noted in the beam web directly above the seats. 
Shortly afterward, local yielding was noted in the top 
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Fig. 32—Moment Rotation Curves for Testa W9 and W10 
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plate, but general yielding of the top plate was not de. 
veloped even at maximum load. 

At V = 82.5 kipsand M = 1650 kip-in., maximum load 
was reached, accompanied by sudden failure of the top 
plate butt weld on the east beam. The thrust welds 
on the lower flange failed simultaneously and the entire 
beam stub dropped free of the connection. 

In the supplementary shear test of the west beam a 
reaction of 153 kips was sustained by the seat, with fail- 
ure caused by crushing and bending of the beam web 
above the support. 


Group III—Design Details and Test Results 


Design Details 


There are only two specimens in this group, W11 and 
W12, detailed in Figs. 34 and 35. 

The beams were connected to the column webs by 
means of structural “‘tees’’ which were made by splitting 
a7120. The tees were shop welded to the column and 
the outstanding legs of the tees were provided with erec- 
tion bolt holes to hold the beams in place while the field 
fillet welds were made. 

The nominal design reaction was 50 kips for W11 and 
14 kips for W12. The tests provide a comparison of the 
behavior of this type of connection for widely varying 
tee lengths. 


Individual Test Results 


Test W11.—The specimen is detailed in Fig. 34, photo- 
graphed after the moment-rotation test in Fig. 36, and 
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Fig. 34—Test 


the moment-rotation curve is plotted in Fig. 38. The 
erection bolts were loosened prior to test. 

The connection exhibits a fair amount of reserve mo- 
ment strength and rotation flexibility beyond design re- 
quirements before the tear of any load-carrying weld. 
Failure of erection tack welds near the juncture of the 
tee at relatively low loads interrupted the smoothness of 
the moment-rotation curve. 

The slot for fillet weld and corresponding distribution 
of metal in the outstanding leg of the tee is of poor design 
as there is no medium other than a narrow strip of tee 
through which stress supposedly developed by the fillet 
weld can be transmitted. The fillet welds between the 
tee and the column should have been larger to more 
effectively develop the bending strength of the tee 
flange. 

At V = 26 kips and WM = 520 kip-in., first yielding 
due to bending of the tee flanges was noted and tack 
welds failed at 1/ = 600 kip-in. and 740 kip-in. Aside 
trom the tack weld failures, continued yielding proceeded 
in a very gradual and uniform manner. 

At V = 40.5 kips and M = 810 kip-in., the entire, 
slightly undersized, southeast top weld failed suddenly. 
All other welds on the connection were intact except 
the northeast which was cracked for a distance of one 
inch. 

In the supplementary shear test a reaction of 168 kips 
was applied to the west connection with no visible sign 
of failure in the connection. The load was stopped 
because of beam web crippling under the load-bearing 
block. 

Test W12.—The specimen is detailed in Fig. 3 
photographed after the moment-rotation test in Fig. 3 
and the moment-rotation curve is plotted in Fig. 38. 

The general behavior of the connection during test 
was similar to W11, with somewhat more reserve beyond 
design requirements both with respect to moment 
strength and flexibility. The tee-to-column welds were 
too small to develop the inherent restraint of the con- 
nection although the welds were larger than required 
lor shear. 

At V = 11 kips and M = 77 kip-in., a strain line was 
lirst noted near the top corners of the tee; and at V = 
|) kips and M = 105 kip-in., strain lines developed in the 


5, 


1942 TESTS OF BUILDING CONNECTIONS 


($735 I 10*818 


3 

pro | 

2 2) 
45 «3-3 


Fig. 35—Test W12 


bottom fillet of the tee. Progressive yielding of the tee 
flange continued until at V = 23 kips and M = 161 kip 
in. the southeast top tee-to-column weld fractured sud 
denly. The erection bolts in the connection remained 
loose throughout the test. 

In the supplementary shear test a reaction of 56 kips 
was sustained after which the load fell off due to twisting 
of the beam and tee leg ° 


Group IV—Design Details and Test Results 


Design Details 


The four connections in this group, W135 to W16, in- 
clusive, are all of the same type in that a single clip angle 
is shop welded to the beam web as shown in detailed 
drawings, Figs. 40 to 43, inclusive. The outstanding 
leg of the clip angle is provided with erection bolt holes 
for temporary connection to girder or column. After 
erection bolts are in place the beam web adjacent to the 
clip angle is butt welded to the girder or column, the butt 
weld being laid over the shop fillet weld. The connec 
tion angle serves as a backing strip for the butt weld 
In the test specimens the connection was made to the 
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center of the column flange and the flexibility of the ad- 
jacent column web is probably sufficient so that the con- 
nection behavior would be somewhat stiffer if welded 
directly to a column or girder web. 

The connections in this series were chosen so as to use 
a heavy and light 18-in. WF beam, and a heavy and light 
12-in. WF beam, with nominal design reactions of 80, 
24, 30 and 14 kips, respectively. 

The erection bolts were loosened for all tests of this 
group. 
Individual Test Results 


Test W13.—The specimen is detailed in Fig. 40, 
photographed after the moment-rotation test in Fig. 44 
and the moment-rotation curve is plotted in Fig. 48. 
Definite yield and initial weld crack occurred before the 
design requirement for //d = 20 was reached and the 
maximum moment was reached shortly after with little 
reserve in moment strength or rotation. Initial pre- 
mature failure of this connection was caused by a slag 
inclusion in the butt weld. 

The butt weld on the west connection was improperly 
made, with a patched appearance, and the east weld was 
placed with a setback of 5/,5 in. instead of '/2 in. as de- 
tailed. The crowding of the butt weld may have been 
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a partly responsible for the slag inclusion, which was about of 
iw 1'/. in. long and was not apparent in a careful visual th 
inspection prior to testing. 
. At V = 28kips and M = 336 kip-in., initial yielding ha 
i. was noted in the beam web near the bottom of the butt 
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Fig. 38—Moment Rotation Curve, Test Wil Fig. 39—Moment Rotation Curve, Test W1i2 
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Fig. 40—Test W13 


at V = 64 kips and M = 768kip-in. The ultimate load 
of V = 65.5 kips and M = 786 kip-in. was reached as 
the weld cracked through the 1'/2-in. slag inclusion. No 
supplementary shear test was run because the beams 
had been used in connection W21. 

Test W14.—The specimen is detailed in Fig. 41, 
photographed after the moment-rotation test in Fig. 45, 
and the moment-rotation curve is plotted in Fig. 49. 
Gradual yielding was noted before the design require- 
ment for 1/d = 20 was reached and the maximum mo- 
ment was reached shortly after with little reserve mo- 
ment strength or rotation. 

Part of the flexibility of this connection seems to come 
from the column web as is indicated by the considerable 
yielding in the column web. The beam web underwent 
only light yielding, hence little flexibility is added from 
this source. 

Initial yielding was first noted at V = 20 kips and 
M = 160 kip-in. in the column web adjacent to the bot- 
tom of the weld. At V = 30 kips and M = 240 kip-in., 
the column web had yielded for the full length of the 
weld. The beam leg of the erection angle showed signs 
of yielding shortly before the ultimate load. The 
ultimate load was reached at V = 32.5 kips and M = 
260 kip-in., when the east weld cracked at the top and 
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Fig. 42—Test W15 
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tore gradually. When the weld was torn about three 
inches the test was stopped. 

In the supplementary shear test a maximum reaction 
of 117 kips was applied with no visible failure in the 
welds. The test was stopped because of beam web 
crippling under the bearing blocks. 

Test W15.—The specimen is detailed in Fig. 42, 
photographed after the moment-rotation test in Fig. 46, 
and the moment-rotation curve is pjotted in Fig. 50. 

Gradual yielding was noted before the design require- 
ment of //d = 20 was reached, but the connection 
showed some reserve moment strength and satisfactory 
reserve rotation. 

Part of the flexibility of this connection comes from the 
column web as is indicated by the heavy yielding of the 
column web. Unlike W14 this connection also showed 
heavy yielding in the beam webs. 

Yielding was first noted in the beam web and column 
web adjacent to the bottom of the butt weld at V = 
24 kips and M = 168 kip-in. Continued loading to 
V = 30 kips and M = 210 kip-in. caused yielding of the 
beam web and column web adjacent to the top of the 
weld. General yielding of both column and beam webs 
continued to V = 37 kips and M = 259 kip-in. when the 
east weld cracked at the top. At V = 44 kipsand WV = 
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Fig. 43—Test W16 
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mum load was reached at V = 21.7 kips and M = 151.9 
kip-in., when the last weld fractured at the top. 

In the supplementary shear test a reaction of 67 kips 
was applied to the west connection with no visible failure 
in the welds. The test was stopped because of beam web 
crippling under the bearing blocks. 


Group V—Design Details and Test Results 


Design Details 


The four connections in this group, W17 to W290, in- 
clusive, are all spandrel types as shown in the detailed 
drawings in Figs. 52 to 55, inclusive. The first three 


Fig. 47—Test W13 


3O8 kip-in., the east connection broke suddenly through 
the top of the weld. 
In the supplementary shear test a maximum reaction 


s of 120 kips was applied to the west connection with no qj 

a visible failure in the welds. The test was stopped be- i 

uy cause of beam web crippling under the bearing blocks. # 

Test W16.—The specimen is detailed in Fig. 45, 

a photographed after the moment-rotation test in Fig. 47, ag: a 

and the moment-rotation curve is plotted in Fig. 51. 

“ Slight yield was noted before the design requirement aemer é 

for = 20 was reached and the maximum moment 


was reached shortly after with little reserve moment 
strength but with satisfactory reserve rotation. 

The centers of the butt welds were placed 1'/, in. 
below the centerline of the beam webs. This fabrication 
error shifted the center of rotation toward the bottom 
of the beam but had no apparent effect on the con- 
nection’s strength. 

Part of the flexibility of this connection is caused by 
the slight localized yielding of the column web. 

First yielding was noticed at V = 18 kips and M = 
126 kip-in., in the column web adjacent to the weld. 
The beam web showed slight signs of yielding near the 
welds at V = 20 kips and M = 140 kip-in. The maxi- Fig. 47—Test W16 
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connections are similar types with the beam web con- 
nected to the column flange by means of plates. The 
fourth connection, W20, has a seat angle for vertical 
reaction and a top angle for lateral support. 


General Test Data 


All connections in this group were restrained from 
lateral displacement and rotation by the use of two “‘out- 
riggers” or flexible ties, one at the top and bottom 
flange of each beam as shown in Fig. 3. These lateral 
test supports may be considered to offer less lateral sup- 
port than provided in actual building construction by 
fireproofing, floorslab and other framing beams. 

The erection bolts provided in the connections were 
loosened during the test. 


General Test Results 


The erection bolt holes are too close to the edge of the 
plate, as W17 and W1S8 both failed by tearing through 
the top bolt hole. The hole is a “‘stress-raiser’”’ and is 


placed in a portion of the plate subjected to high bending 
stresses. 


Individual Test Results 


Test W17.—The specimen is detailed in Fig. 52, photo- 
graphed after the moment-rotation test in Fig. 56, and 
the moment-rotation curve is plotted in Fig. 60 along 
with W18 and W19. 

Definite yield was noted before the design requirement 
for 1/d = 20 was reached; however, the connection has 


fair reserve moment strength and a very large reserve 
rotation. 
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Initial yielding appeared in the connection plate in the 
area between the bolt holes at V = 34 kips and WM = 408 
kip-in. Continued loading to V = 36 kipsand M = 432 
kip-in. caused the bottom of the plate to yield generally 
and then to cripple in the free distance. Crippling was 
aided by a slight initial curvature in the plate. At the 
same load the top of the plate began to yield between the 
bolt hole and the free distance. Additional loading 
caused the top of the east plate to neck down in the free 
distance and at V = 44 kips and MW = 528 kip-in. the 
plate began to tear at the top toward the top erection 
bolt hole. The maximum load was reached at V 
44.5 kips and M = 534 kip-in. when the east plate had 
torn to the top bolt hole. The test was stopped when the 
plate had torn about seveninches. The welds adjacent to 
the free distance had cracked slightly owing to the large 
deformations of the plate. In the supplementary shear 
test a reaction of 109 kips was applied to the west con- 
nection with no visible weld failure. The test was 
stopped because of beam web crippling. 

Test W18.—The specimen is detailed in Fig. 53, photo- 
graphed after the moment-rotation test in Fig. 57, and 
the moment-rotation curve is plotted in Fig. 60 along 
with W17 and W19. 

Definite yield occurred before the design requirement 
for 1/d = 20 was reached; however, the connection had 
fair reserve strength and a very large reserve rotation 

The first yielding was noted in the area of the con 
necting plate between the bolt holes at V = 37.5 kips 
and M = 450 kip-in. General yielding continued in the 
beam side of the connection plate until V = 40 kips and 
M = 480 kip-in., when the bottom of the plate began to 
crush in the free distance. Simultaneously, the top of 
the last plate began to yield betweer! the bolt hole and 
the free distance, followed by necking, and finally started 
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to tear at V = 47.5 kips and M = 540 kip-in. The 
bottom of the plates began to cripple, aided by the initial 
curvature and the eccentricity of load caused by the 
filler plate. The ultimate load was reached at V = 
51.2 kips and M = 614 kip-in., when the east plate had 
torn to the bolt hole. The test was stopped after the 
plate had torn for several inches because the lateral ties 
were taking load owing to the large beam rotations. 

In the supplementary shear test a maximum reaction 
of 121 kips was applied to the west connection resulting 
in twisting of the connection plate and beam. 


Test W19.—The specimen is detailed in Fig. 54, photo- 
graphed after the moment-rotation test in Fig. 58, and 
the moment-rotation curve is plotted in Fig. 60 along 
with W17 and W18. 


Definite yield was noted before the design require- 
ment for //d = 20 was reached; however, the connection 
has fair reserve strength and a very large reserve rotation. 


Initial yielding was first noted at the bottom of 
the connection plate in the free distance at V = 17 kips 
and M = 204 kip-in. The top of the plate showed signs 
of yielding in the free distance at V = 21 kips and M = 
252 kip-in. The top plate was yielding in the area 
between the top bolt hole and the free distance, and also 
between the bolt holes. Owing to the tension in the top 
of the plate there was a tendency to pull the top of beam 
web into a straight line with a column flange, and to 
cripple the bottom of the plate tending to pull the beam 
web in the opposite direction. The beam is therefore 
subjected to a torsional rotation. At V = 24 kips and 
M = 288 kip-in., the beam was about */, in. out of a 
vertical line. The west top plate was pulled straight, 
showing signs of necking, and finally began to tear ver- 
tically at V = 25 kipsand M = 378kip-in. The bottom 
of the plate was bent in to a right angle and the west beam 
bottom flange began to tear on the column. The load 
increased slowly until the east beam flange came into 
bearing on the column at V = 31.5 kips and M = 378 
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TABLE I 
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NO. Kain! in ofo | of 
Al |W5, | 2° Bar | 604 | 480 
A2 [w789 10 Lea 1433 | 633 | 495 
| Lea! 358 | 59.7+ 31.9 | 550 | 
2; Lea | 454 | 678 | 430! 
S|AG| w2o | 2) 418 | 673 | 253] 415 
 |SI3.9110 | Wee | 397 | 698 | 269 | 470 | 
|A8| w-7 R 415 | 61.7 | 302 | 480 
W-310 |R 418 | 61.2 | 322 | 505 
WIT | R 
VIAN IWI71819 | R 423 | 618 | 265 | 435 
Ai2|w 21 R &ZxG 50.7 | 675 | 244 | 425 
A13| W 2! | _| 373 | Se2t] 281 | 490 | 
Bi | w3 IS WF 85 381 | 65.5 | 29.4 | 440 | 
Cl low 45 |FLANGE| 367 | 614 | 306] %5 
21Cew | Wes | 391 | 6.2 | 300} 475 
|C2e I2W 65 |FLANGE| 377 | 607 | 540 
92 _|FLANGE| 38) | 643 | 30.5| 545 | 
“Ic4 fw 76 | WeB | 394 | 609 | 266) 410 | 
|wi-w2i | 57! | 740 15.0" 
21D 2 |w7-w2! 560 | 620 300 | 
*SUB-SPECIFICATION ELONGATION CAUSED BY 
SLAG INCLUSIONS 
+ SUB-SPECIFICATION TENSILE STRENGTH 


kip-in., increasing the stiffness 6f the connection. The 
top plates continued to tear until V = 40 kips and 
M = 480 kip-in., when the test was stopped because the 
lateral tie bars were taking load. 
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Fig. 53—Test W18 


The supplementary reaction test for this connection 
could not be run because the beam was twisted out of line 
with the column. 

Test W20.—The specimen is detailed in Fig. 55, photo- 
graphed after the moment-rotation test in Fig. 59, and 
the moment-rotation curve is plotted in Fig. 61. Slight 
yield was noted before the design requirement for //d = 
20 was reached and the connection has only slight reserve 
strength; however, it has a large reserve rotation. 

The east connection had poor bearing on the seat 
angle owing to the slope of the flanges. The flange was 
not at right angles to the web and a gap of '/s in. was 
left between the beam flange near the column and the 
Seatangle. This caused the eccentricity of the load to be 
considerably greater than assumed in the design com- 
putations; hence, the seat angle may have been over- 
stressed. 

_The top east angle showed the first sign of yielding at 
V = 16 kips and M = 200 kip-in. The beam flanges 
adjacent to the east top angle showed signs of yielding, 
probably caused by the top angle taking vertical reaction 
owing to the vertical movement of the beam as it closed 
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the gap left by the sloping flanges. At V = 26 kips and 
M = 325 kip-in., the beam webs began to yield over the 
edge of the seat angle followed at V = 34 kips and M = 
425 kip-in., by yielding in the outstanding leg of the 
seat angle. The top angle deformed visibly until V = 
34.75 kips and M = 452 kip-in., when the weld on the 
vertical leg of the west top angle suddenly sheared off. 

In the supplementary shear test a reaction of 62 kips 
was applied with failure occurring by tearing of the seat- 
angle welds and crippling of the beam web. 


Summary of Test Results 


Table I provides a summary of physical properties of 
most of the connection material and several check tests 
on beam and column material. Nearly all of the ma- 
terial passed the A. S. T. M. Specification A-7-39 for 
Building and Bridge Steel, with regard to yield point, 
ultimate and elongation properties. The two tests of 
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IL 
. SUMMARY OF TEST RESULTS 
% —~ Reaction Rotation Design Requirement for Connection to £} 
> Beam Loaded Uniformly with Max. Design Stress=20x;)| $ 
WI | 72.0 | 75.3 [159.9 | 200 | 2.66 | 9.06|0.0027 |0,0056 [0.0031 1.15 | 4.11 | 
de [72.0 | 75.3 |117.5| 188 | 2.50 | 2.06]0,0030 [0.0060 |0.0026 | 0.0202 |0.029+ | None| 6.73 | 
WS|do| do [72.0 | 82.0| 75.0] 170 | 2.07 | 6.32 |0.0032 |0.0059 | Indefinite} 0.0080 |0.008+ |Indef. | (2.50 | 2.504] 043 
do |240 |25.0/117.5| — | 4.71 | 14.7 |0.0055 |0.0074 |0.0046 |a.019! |0.019+ |None | 3.47 | 3.46+/ 05% 
Ib<[w4]do| do 24.0 |25.0| 36.5| 110 | 4.58 |14.7 |00054 |0,0073 |0.0016 |0.0092 |0.012+ |None | 1.70 | 2.22+| - 
weldo| do |24.0|260| 257| 127 |4.88 [14.1 |0.0054|0.0075 |Indef, |0.0120 |0.012+ |indef. | 2.22 | 


W7 24.0 | 24.0 | 167| 89 | 3.71 | 15.3 [0.0047 0.0061 [0.0040 |0.0040|0.005+ [None | None | 
Q\lweldo| do |74.0|240| 81 | 3.37 115.3 |0.0059 [0.0077 |0.0024 |0.0024 |0.020t |None | None| 


do |24.0| 769| — |3.20 [15.3 |0.0029|0.0032 |0.0060 |Nofailurd0.013+ | 2.07 | — | 4.480% 
do| do [24.0 | 24.0| 932| — [3.88153 |0.0020|0.0022 90120 |o.on+ | | 6.00 6.004 04 
WF 9Z web | 72.0 | 72.0 | 82.5 | 153 [2.12 | 9.48/0.0018 |0.0028| Indef. [0.0052 |0.005+ |indef, | 2.89 | 2.80+| 
WII web | 52.0 | $2.0 | 405 | 168 | 3.23 | 11.0 10.0038 |0.0066 | Indef. [0.0164 |0. 016+ |Indef, | 4.30 | 4.30¢| 050 
Il | 14.0 | 19.2 | 230| 5¢|2.92| 108 |0.0039 0.0067 | Indef. |0.0250 |0.025¢ |indef. | 641 | 
80.0 | 82.0 | SS.S |Not Avdilable | 8.3 [00027 [0.0056 0.0045 |0.0050 {0.0083 | 1.67 | 1.65 | 3.08 |0.5: 
WES do | 240 | 27.3 | 32.5] 117 14.29 | 13.5 [0.0050 |0,0071 | Indef. [0.0128 0.0156 |Indef. | 2.56 | 3.12 
do | 30.0|29.0|440| 120 |4.00 | 147 0.0047 |0.0060 |0.0080 |o.0108 |0.0319 | 1.70 | 2.30 | 
wieiz25| do do | 140] 15.6 | 21.7 | G7 [4.30 | 14.6 [0.0049 |0.0064 |0.0090 |0.0327 |0.0327 | 1.84 | 6.68] 6.8 
WI7 Spend] 40.0 | 41.0 | 109 | 2.66] 11-1 [0.0040 [0.0068 [0.0082 0.0162 0.0325 | 2.05 | 4.05] 8.12 
do | do do | 40.0 | 41.0 | 51.2 | 121 | 2.95 | 11.1 10.0036 |0.0065 |0.0057 |0.0188 |0.0226+| 1.50 | 4.95 | 7.80 2. 
| do do 40.0 | 41.0 | 40.0 \Could nbt test | 11.1 [0.0045 [0.0076 | Indef._|0.0420 |0.042+ |indef. | 9.35 | 935+] 045 3. 
do | 18.0 | 18.0 | 34.2] G62 | 3.44] 15.4 |0.0034 |0.004) 10.0060 |0.0081 |0.014¢ | 1.76 | 2.38 |4.12+ 0.72 4 
weld metal were made with the laboratory D.-C. welder safety as tested. If adequately held by the building ma- 5. 
which was used only for specimens in Group I. terial against twisting it presumably would develop the 
A general summary of some of the significant test required reaction value for safety. 
results is presented in Table II. The wide variety of There are nine columns under the heading ‘Rotation 
test specimen types makes it desirable to study individual Design Requirement for Connection to Beam Loaded 
a test results as well as any general summary such as Uniformly with Maximum Design Stress = 20 k. s. 1." 
mA 7 given here. _ The first two columns in Table II give the The first column gives the //d which corresponds to the 
sre : Group and Test Numbers for the twenty-one tests and nominal design reaction value and simple beam moment 


the beam stub sizes are given in column three. The design for a maximum bending stress of 20 k. s.i. This 
f fourth column gives the column stub size and states value of //d easily may be computed from the beam 
whether the connection was made to the column web, section modulus, beam depth and nominal reaction value, 


flange, or as an eccentric spandrel connection. as a result of the following relationships: 
There are five columns in Table II under the general 


heading ‘‘Reaction.’’ The first column gives the Design Reaction = V = wl 
nominal reaction value used as a starting point for design 2 
and the second column is an evaluation of the design yp 
value as based off actual weld sizes and lengths that were Simple Beam Design Moment = M, = 3 = 20S 
used. The next two columns give the maximum shear 8 
se which was applied during the test to moment-rotation hence ‘ 
7 failure together with the reaction applied to the com- ae 80S 
panion connection in the supplementary shear test. The l 
last column under ‘“‘Reaction’’ gives the load factor of and 
safety based on maximum test reaction and actual L 80S 
design reaction. No values are given for tests W13 and ad Vd 


W19, which have no factor of safety as based on shear 

developed in the moment-rotation tests. However W13 Variations in //d for any connection test should be ap 
was not available for the supplementary shear test and plied only to the beam depth used in the test. 
undoubtedly would have proved satisfactory in shear The next five columns give relative rotation (yg) be- 
alone, since the companion specimens were quite ade- tween beam and column at five different stages of the 
quate. Test specimen W19 has no reaction factor of connection test, namely: 
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Fig. 56—Test W17 


¢p = ¢ at //d of preceding column. 

g atl/d = 20. 

¢y = ¢ at marked general yielding (omitted if 
indefinite). 

¢r = gat first definite tear in weld or plate metal 
(tack weld tear in W11 not considered). 

¢v = approximate ¢, at ultimate rotation in 
moment-rotation test. 


wi® 


Fig. 58—Test W19 
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_ The next three columns give the rotation ratios or 
factors of safety as based on ¢p at yield, first tear and 
ultimate test rotation. In judging the factors of safety 
the following might be used as a rough guide: 


Ratio Factor of Safety 
Less than 1.00 None 
1.00 to 1.30 Very poor 
1.30 to 1.65 Poor 
1.65 to 2.00 Fair 
More than 2.00 Good 


The final column gives data on the location of center 
of rotation as determined from the dial gage measure- 
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Fig. 57—Test W18 


ments of horizontal movement at the top and bottom of 
the beams. The values given are based on a single test 
and would probably vary somewhat in different tests. 


Conclusions 


The tests on any one type of connection are so limited 
in number that complete and final conclusions on all 
questions are impossible, a fact foreseen in laying out 
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Fig. 59—Test W20 


the program. General conclusions which appear obvious 
will be discussed by groups and this will be followed by 
a general summary. Reference should also be made to 
more detailed remarks in the body of the report. 

Group I.—The heavy 18WF85 beam connection tests 
in this group indicated a marked superiority, with re- 
spect to ultimate rotation reserve, for direct welding of 
the beam web to the column, as compared with the use 
of auxiliary plates as in W5. In the lighter series with 
18WF47 beams, there was less difference in the ultimate 
rotation characteristics. All of the connections in this 
group showed high stiffness at low loads, but yielded at 
rotations near or below design requirements. This 
might be very undesirable if repeated loading and un- 
loading were a design factor. 

Group II.—Tests W7 and W8 showed very poor be- 
havior in rotation, being “‘stiff’’ and at the same time 
““weak’’ with respect to moment. Such connections are 
not acceptable if weld tear is to be avoided. A favorable 
feature, however, is the fact that failure of the side lug 
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or plate would not result in collapse, since the supporting 
seat angle would continue to carry the reaction load. 

Tests W9 and W10 showed all-around good behavior, 
particularly in that the moment-rotation relation was 
essentially elastic considerably beyond the beam desj 
requirements. This was not true in the case of W21, a 
similar connection with a heavier beam size. 

The satisfactory behavior of the top-plate and seat- 
angle type of connection in tests W9 and W10 indicates 
the desirability of further laboratory tests on this type 
of connection. The complete success of the connection 
also depends on maintaining a high quality of butt weld 
between the top plate and column. 

Group III.—The results indicate that with modifica- 
tions of design, as discussed under individual test results, 
this type of connection has good possibilities for further 
development. 

Group IV.—The tests on this type of connection cover 
a fairly wide range of beam size. The connections show 
a very gradual yielding throughout the range of the test 
In general the behavior of this group is poorer than com- 
parable specimens of similar type, in Group I. 

Group V.—These miscellaneous types of spandrel con- 
nections showed fairly satisfactory behavior. The 
crimped plate used in W19 seems objectionable because 
of the twist that is induced in the beam. Reference 
should be made to the individual test results. 

General Remarks.—As emphasized early in the report, 
a satisfactory connection must perform two functions: 


1. Carry the vertical reaction load with ample safety. 

2. Permit the rotation which would be required be- 
tween the beam and column in an actual frame 
and at the same time be strong enough to resist 
the end restraining moment which is de- 
veloped. ° 


With regard to (1), all of the connections showed an 
adequate shear factor of safety with respect to the design 
reaction. Two connections, W13 and W19, are excepted 
because they could not be tested in the supplementary 
shear test. 
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Many of the connections yielded before developing a 
satisfactory rotation, but prior to initial weld or plate 
fracture all of the connections except W7 and WS8 
showed a rotation factor of 1.70 or more as compared 
with the design requirement for balanced reaction 
and moment design. Whether or not this rotation 
reserve is sufficiently safe in all cases may be a de- 
batable question. Rotation failure of connections of 
the Group I or Group IV type would result in damage 
to the reaction-carrying welds if not collapse of the con- 
nection. Rotation failure of the Group II class, how- 
ever, would not damage the reaction-carrying welds 
which are part of the independent seat angle. If it 
may be argued that the floor slab will be sufficient to 
support the top of the beam laterally this may be an 
important distinction. 

An incorrect design assumption is frequently made in 
welded connection design, namely, that the inherent 
rigidity or end restraint of a connection is negligible. 
The designer presumes that he can assume that zero 
moment exists at any convenient point, usually at the 
center of gravity of a weld group. The welds at the as- 
sumed point of zero moment are designed for shear only 
and all other welds or groups are designed for shear plus 
the moment produced by the eccentricity of the weld or 
group from the point of assumed zero moment. Such an 
assumption is not valid because the restraining moments 
induced by frame action are maximum and certainly not 
zero at the connections. Reasonable design procedures 
may be difficult or impossible, and incorrect procedures 
may ‘‘get by’’ in some cases by virtue of the ductility of 
structural steel. Nevertheless, assumptions which are so 
contrary to fact are certain in some cases to lead to serious 
trouble. Certain types of connections, supported by seat 
angles, may have reasonable design assumptions, pro- 
vided that the top flange or web connection is either 
flexible or strong enough to develop the tension ac- 
companying the induced moment. 

The erroneous assumption discussed in the foregoing 
paragraph is probably a hangover from riveted design, 


where the assumption may be relatively less dangerous. 
In a riveted connection the connecting medium is less 
rigid than the connected material. In a welded con- 
nection the weld, if adequately designed, is more rigid 
than the connected material. This is an important dis 
tinction between welded and riveted design that should 
always be considered. 

This program of tests has included connections which 
were considered incorrect design by some engineers, as 
well as other connections with debatable qualities. Some 
types of connection, such as the seat and flexible top 
angle type, have been covered adequately in previous 
investigations? and are not included at all in the present 
program. Except in the obviously poor designs of W7, 
WS and possibly W19, this program of tests should not 
be considered as providing the final answer to the ac- 
ceptability of any type of connection. The tests throw 
light on some incorrect design procedures and may there- 
fore prove of help in developing better designs. More 
laboratory tests of some of the connection types will un- 
doubtedly be made in the future and these tests may help 
indicate the direction such programs should take. 
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Cathode Drop of an Arc 


By G. H. Fett! 


HE arc discharge characteristics studied and de- 
scribed are those concerned with the cathode drop 
in potential. The cathode drop is defined as the 
difference in potential between the cathode and a point 
in the arc very near the cathode; the potential gradient 
over the intervening space between cathode and point is 
very high, of the order of thousands of volts per centi- 
meter, 

Previous methods of measuring the cathode drop of an 
arc at atmospheric pressure developed the use of a probe 
after the manner of Langmuir in his studies of glow dis- 
charges. The use of a probe in atmospheric arcs is not 
justified, however, because the presence of a probe dis- 
turbs the thermal equilibrium in the arc and requires 
additional electrical energy from the source.! 

If electrical contacts are separated the voltage appear- 


By, Much of this material was published in Journal of Applied Physics, 12, 
No. 5, 436-438 (May, 1941). Contribution to the Fundamental Research 
Division, Welding Research Committee. 


mz, DePartment of Electrical Engineering, University of Illinois, Urbana, 
s. 


ing at the instant of separation is shown to be the 
cathode drop of the resultant arc. The actual voltage 
might be thought to include not only the cathode drop, 
but also the anode drop and the contact-resistance drop. 
The anode drop, however, cannot appear at the instant 
of separation because the anode drop is set up by the arc 
to adjust the arc potential to that available from the 
source. Since the anode contact is in the cathode vicinity 
at separation, the volume required for the anode drop 
space charge is non-existent. The contact drop of poten- 
tial can be shown to be much less than one volt. 

In the work described here the cathode drop of poten- 
tial of an arc was measured using an adaptation of the 
method of Betz and Karrer.? A variable speed d.c. 
motor was arranged to rotate a cam which would sepa- 
rate contacts at a uniform velocity. The voltage across 
the contacts at the instant of separation was called the 
cathode drop of potential. This voltage was determined 
by measuring the deflection on the screen of a cathode- 
ray oscillograph. The entire apparatus—motor, cam 
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Fig. 1—Contact Potential vs. Current (from Original Oscillogram) 


NOTE—No line observed from A to B while arc is established 
because of high writing speed 


and separating contacts—was so arranged that the 
pressure could be reduced from one atmosphere to 0.1 
mm. of mercury. 

For some of the experiments the cathode-ray oscillo- 
graph was connected so that a deflection in the horizontal 
direction measured the contact current while a vertical 
deflection measured the voltage across the contacts, Fig. 
1. From the resulting oscillogram the time required for 
the voltage to reach the cathode drop value for the arc 
was determined, for the resistance, inductance, current 
and voltage were known. 

Assume that the arcing contacts are in series with a re- 
sistance, R, and an inductance, L. Kirchhoff’s law for 
the circuit when the contacts separate is v = e: + vs + ve 
where 2 is the applied voltage, ve is the voltage across the 
resistance R, ex: the voltage across the inductance, v. the 
arc voltage and 7 the current. Also e, = L At/ At where 
At is the change in arc current caused by the separation 
of contacts and At is the time required for the cathode 
drop voltage to appear across the ccntacts measured 
from the instant that the contact drop is appreciable. 
Then At = LAi/(v — v4. — iR). Evaluation of At fora 
typical oscillogram (taken for a pure silver contact) gives 
A! 42 microseconds for the voltage of 12 volts to appear 
across the contacts. The speed of separation of the con- 
tacts was known to be about 20 in. per second. Therefore 
the distance traversed in 42 microseconds was about 820 
micro-inches. Hence in less than 42 microseconds, and in 
less than a distance of 820 micro-inches, the arc voltage 
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Iv, average arc current, amperes; V,,, open circuit voltage 
s, speed of separation, inches per second; Var, arc voltage when 
contacts separate; L/R, ratio of inductance to resistance in series 
with the arc. 


was established. By this method the measurement of the 
time to establish the are by scaling off on the time axis of 
the oscillogram (used by Betz and Karrer) is avoided. 

For an arc between copper electrodes in air, the volt- 
age across the contacts at the instant of separation (within 
40 microseconds) was found to be (a) independent of 
the current in the range of 0.5 ampere to 10 amperes; 
(6) independent of the open circuit voltage appearing 
across the contacts after the arc was extinguished in the 
range of 8 to 230 volts; (c) independent of the circuit 
parameters for values of L/R in series with the arc in the 
range of 0.001 to 0.028; (d) independent of the speed of 
separation of the contacts in the range of 7.5 to 90 in. per 
second; (e) dependent upon the pressure of the atmos- 
phere in which the arc is burned, as shown in Fig. 2, 
Some of the data for these conclusions are given in Table 
1. Average value of 105 tests under various conditions 
at atmospheric pressure is 13 volts + 0.32 volt. The 
voltage across the contacts was measured for other ma- 
terials besides copper and the results were found to de- 
pend upon the electrode and, in the case of welding 
electrodes, upon the coating, ifany? Table 2 gives values 
of voltage across the contacts at the time of separation 
for a number of electrode materials and gives correspond- 
ing ionizing potentials when known. The ionizing poten- 
tial of the nitrogen which is the principal constituent of 
the arc atmosphere, is 16.5 volts. 


Interpretation of Results 


The value of the cathode drop for copper (13 volts + 
0.32 volt) determined here is much lower than the 
values given by Nottingham? (20 volts) and is of the or- 
der of magnitude of that given by Betz and Karrer? (12.2 
volts for currents from 10 to 100 amperes), and Con- 
rady‘ (13-12 volts). Nottingham and Conrady both 
used the probe method to get the cathode drop. Mason' 
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Fig. 2—Effect of Air Pressure on Cathode Drop (Copper) 
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has shown that the probe method applied to atmospheric 
pressure arcs is of doubtful value. The measurements de- 
scribed here show that it would be physically impossible 
to insert a probe at a point where the cathode drop would 
be measured, for this would mean that the probe would 
have to get within 0.0008 in. of the cathode. It is easy 
to see why the values obtained by the probe method 
might be high. The method described here is much easier 
to apply than the probe method, and will give, roughly, 
the distance from the cathode and the time to establish 
the arc ‘‘equilibrium’”’ in addition. 

If the distance traversed while the arc voltage is being 
established at the value given at the cathode drop is a 
measurement of the cathode ‘‘dark space’’ of the arc, 
then the ideas about field emission at the cathode of a 
low boiling temperature electrode must be revised. How- 
ever, it is probable that the value given above for this dis- 
tance is very much larger than the cathode dark space, 
since the time computed includes that which elapsed 
while the “‘last’’ contact was being broken. The time 
given by Betz and Karrer,’® which was estimated from a 
voltage-time oscillogram, was 10 microseconds. If the 
0.0008-in. value is correct, the average potential gradient 
in the dark space is only 0.6 X 10‘ volts per cm., a value 
much too low to give adequate field emission. As Loeb 
has pointed out® the terms field emission and thermionic 
emission are not clearly definable at the temperature of 
the arc. 

The time for the establishment of equilibrium in an 
are as given by Duddell®, for an a.c. arc superposed on a 
d.c. arc, is 1000 microseconds. The value of 600 micro- 
seconds determined from spectral data was given by 
Witte.’ Comparing these values with those discussed 
here, it is noted that time for equilibrium as measured by 
the establishment of the cathode are voltage drop is very 
much less, of the order of one-tenth as large, or less. 

At the instant of separation of contacts the “‘last’’ con- 
tact is heated to a temperature of at least 3000° K. and 
perhaps higher. This high temperature creates a suffi- 
cient supply of positive ions in the vicinity of the cathode 
to form a space charge. The ions are chiefly formed 
from air molecules at atmospheric pressure with only a 
small number of metallic ions. At low pressures the 
converse is true. 

From the manner in which the cathode drop decreased 
with reduction in pressure it may be assumed that the 13 
volts observed for copper at atmospheric pressure is the 
weighted average of the ionizing potentials of the few 
copper atoms and the many nitrogen atoms present, 
while the § volts observed at a pressure of 0.1 mm. of Hg 
is the weighted average of the ionizing potentials of the 
many copper atoms and the relatively few nitrogen 
atoms. These statements are corroborated by the change 
in appearance of the spectrum of the arc at atmospheric 
and at low pressure. For the platinum contact the 
cathode drop was about the ionizing potential of the ni- 
trogen, giving the impression that few of the platinum 
atoms are entering in the arc. The lower boiling tem- 
perature electrodes all produce lower cathode drops than 
does the platinum. 

The fraction of molecules which are ionized may be 
computed from Saha’s equation® if for the ionizing poten- 
tial is substituted the value of the cathode drop observed 
(13 volts for copper). Knowing the pressure of the arc 
atmosphere enables one to compute the number of posi- 
tive ions present. The mobility of the positive ions is so 
low that the number striking the cathode accounts for 
only 0.3% of the total number of carriers of current. 

With this in mind, and using the observed value of arc 
current density at the cathode (which was estimated at 
about 5000 amperes per sq. cm. for copper at one atmos- 
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phere) the electron density in the intervening space be- 
tween cathode and positive ion space charge can be deter 
mined 

The application of Poisson's equation to the problem 
permits the calculation of the average electric field and 


the length of the “‘cathode drop space.'’ These values are 
29,000 volts per cm. and 0.00045 cm. for atmospheric 
pressure, and 250,000 volts per cm. and 0.000314 em. for 
0.1 mm. Hg (for copper electrodes), respectively. 

An interesting experiment was gradually to reduce the 
open circuit voltage across the separating contacts and 
notice the arc voltage on the oscillograph screen. If the 
circuit contained practically no inductance (except for 
that of the leads), as the open circuit voltage approached 
13 volts (for copper electrodes at atmospheric pressure), 


Table 2 
Cathode Ionizing 
Drop Potential 
Electrode (Volts) (Volts) 
Aluminum 11.2 5.96 
Silver 12.5 7.53 
Copper 13.0 7.68 
Iron 13.4 7.83 
Platinum 17.0 8.9 
Mild steel (coated welding rods, several) 10.1-10.9 
Stainless steel (bare welding rod) 15 
Stainless steel (coated welding rod) 13.3 
Tobin bronze 11.0 
Beryllium alloy 13.7 
Palladium alloy 13.7 


the are characteristic disappeared. When an inductance 
was placed in series with the separating contact, arcs 
could be established with only 8 volts open circuit volt- 
age. The voltage across the contacts at separation, how- 
ever, was 13 volts, the additional voltage being supplied 
by the inductance. 

Hence one can say that for separating copper contacts 
a voltage of 13 volts at instant of separation is necessary 
if an arc is to occur. A current of more than 0.25 to 0.5 
ampere is also necessary to produce a copper arc as shown 
by Ives. This may be compared with the values of 
Burstyn,'® 50 volts for a 3-ampere are current and 110 
volts for 1.3 amperes. The values given by Burstyn are 
apparently too high. 

The voltage appearing across the contacts at the in- 
stant of separation may give information about the 
proper choice of welding electrodes."' 

Enough work with welding electrodes has not yet been 
done to see if there is any correlation between the recom- 
mended welding rod uses and the cathode drop. It can 
be stated definitely that the coating on the rod does have 
the effect of reducing the cathode drop. Since the coat- 
ing contains a number of elements, some of which are 
known to have a low ionizing potential, and since the 
organic binder used in the coating permits the elements 
to enter the arc stream, it is not surprising that the coat- 
ing has an effect on the cathode drop. 
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gations and Bending 
Fatigue Tests on 


Welded Thin Plates 
of High Tensile Steel’ 


By R. Mailander, W. Szubinski and H. J. Wiester 


HE purpose of this investigation was to determine 

the characteristics of high tensile steel plates and 

pipes suitable for use in the aircraft industry 
which calls for materials combining a high degree of 
strength with the least possible weight. In selecting 
steel for a welded thin structure one has to overcome 
the difficulty that thin plates are more susceptible to 
hard cracks than thick ones. Whereas thick or medium 
sized plates can be welded up to 0.35% carbon content, 
the safe limit for plates under '/s in. thickness is not 
over 0.27% C and for thin pipes 0.30% C. The neces- 
sity of using steel with higher tensile strength than the 
carbon steels led to the investigation of the Cr-Mo 
steel (Cr 1%, Mo 0.25%). The Cr-Mo steel has a ten- 
sile strength of at least 85,000 Ib./in.* in the welded sec- 
tions, but it is still sensitive to hard cracks. Several 
German investigators developed special aircraft steels 
(Izett 50 and Izett 70) by increasing the manganese con- 
tent of steel. These steels are much superior to Cr-Mo 
steel in their resistance to hard cracking. (See Sprara- 
gen and Claussen ‘‘Weldability—-Base Metal Cracks,” 
THE WELDING JOURNAL, 6, 201-219 (especially 211- 
212) (1941). 

In the course of this investigation experiments were 
carried out on seven different steels. Their composition 
is shown in Table 1. All steels, except C (Table 1) were 
tested in two thicknesses, one being about 1.2 mm. 
(0.047 in.) the other about 2.5 mm. (0.098 in.).¢ Plates 
of steel C were available in the thickness of 1.3 mm. 
only. The position of the test specimens is shown in 
Fig. 1. Figure 2 shows the dimensions of the test speci- 
men for bending. 

Two series of experiments were carried out, one with 
acetylene welding, the other with atomic hydrogen 
welding. Acetylene welding was done without re- 
straint. The plates were welded on one side with addi- 
tion of filler metal, then the roots were welded also with 
addition of filler metal. For atomic hydrogen welding 


* Abstract by B. A. Lengyel from a paper entitled, “‘ Biegewechselversuche 
und metallographische Untersuchungen an geschweissten Diinnblechen aus 
Stahlen héherer Festigkeit,"’ Tech. Mitt. Krupp, 3 199-221 (1940) 

1.2 mm. and 2.5 mm. were the specified thicknesses of the standard steel 
plates used. The actual thicknesses of the plates varied considerably and were 
measured individually (see Table 3) 


Metallographic Investi- 
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Fig. 1—Position of Test Specimens 
1 to 5 and 6 to 10, bending fatigue test specimens; 11 and 12, test 
specimens for hardness and eres study. (Dimensions in 
inches) 


the ends of the plates of 1.2-mm. thickness were bent up 
at right angles to a height of 1.5 mm (0.06 in.) then 
placed against each other and rigidly fastened to an 
underlying copper plate. The presence of this plate in- 
creased the rate of cooling considerably. Welding 
was done with 1.5-mm. diameter Tungsten electrodes in 
one pass with a current of 35-40 amp. The speed of 
welding was 240 mm./min. (9'/2 in./min.). No addi- 
tion of a filler metal was needed as the edges of the plates 
were melted down and thus provided enough material. 
Plates of 2.5-mm. thickness were rigidly mounted leav- 
ing a root opening of 1 mm., then butt welded in one 
pass of the electrodes of 1.5-mm. diameter with addition 
of a filler metal. The roots were also welded again with 
the addition of a filler. The current was 50-55 amp. 

Due to quick cooling caused by thre copper plate the 
atomic hydrogen welded plates of 1.2-mm. thickness 
made of steels A and B were defective and could not be 
used for fatigue tests. Similar difficulty was encountered 
in connection with steel E, but in this case it was still 
possible to produce a sufficient number of flawless speci- 
mens for the fatigue tests. 

The hardness of the specimens was measured by the 
Vickers method with a load of 10 kg. Not only was 
the hardness of the weld and of the base metal deter- 
mined but measurements were made at 1-mm. intervals 
from the weld outward in some cases as far as 17 mm. 
(0.67 in.). Hardness was highest at about 1-mm. dis- 
tance from the weld. Table 3 shows the results of the 
hardness test in a condensed form. The last column of 
this table indicates the distance from the weld at which 
the Vickers hardness was approximately equal to that 
of the base metal. 

It is evident from the table that the affected zone is 
much narrower in case of atomic hydrogen welding as 
compared with acetylene welding. 

It is known that the hardening of the metal depends 
on the actual rate of cooling during the welding process 


Table 1—Notation, Composition and Treatment of Steel Used 


- —Composition in Percentage-—---—-—— 
Notation Name & Si Mn > Cr Mo Treatment 
A Carbon steel 0.30 0.2% 0.56 0.040 0.032 Normalized 
B Carbon steel 0.56 0.32 0.63 0.011 0.014 rr , Normalized 
G Cr-Mo steel 0.24 0.18 0.48 0.011 0.010 1.06 0.21 Stress relieved 
D Cr-Mo steel 0.24 0.33 0.64 0.012 0.016 1.01 0.19 Stress relieved 
E Mn steel 0.38 0.27 1.20 0.026 0.023 Stress relieved 
F Izett 50 0.12 0.23 1.53 0.018 0.015 Normalized 
G Izett 70 0.21 0.42 2.17 0.015 0.010 Stress relieved 
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Table 2—Composi 
_ Name or Composition in Percentage- Steels 
Specification Number c Si Mn P S Cr Mo Welded 
VDI-G42 0.20 0.10 0.80 0.020 0.020 A 
VDI-G52 0.12 0.50 1.20 0.010 0.015 ; B 
Fliegwerkstoff 1453 0.15 0.31 0.66 0.010 0.010 0.67 0.17 C 
Fliegwerkstoff 1453 0.16 0.19 0.65 0.010 0.020 0.81 0.23 D and G 
Special 0.10 0.05 1.50 0.010 0.010 E 
VDI-G37 0.10 0.10 0.50 0.015 0.020 I 
and the critical cooling rate of the material. The heat the hardening of the thicker ones. This effect is clearly 


applied in the welding process is partly conducted away 
by the metal, partly transmitted to the surrounding 
atmosphere by means of radiation and conduction 
through the surface. As in the case of thin plates the 
ratio of surface to area is large, the cooling effect of the 
surface is predominant. Once this is the case, then the 
rate of cooling increases with decreasing thickness. 
Faster cooling causes greater hardening, thus it is to be 
expected that the hardening of thin plates will exceed 
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Fig. 2—Specimen for Bending Fatigue Test 
(Dimensions in inches) 


seen in Table 3. In case of the atomic hydrogen welded 
specimens of 1.2-mm. thickness the underlying copper 
plate caused an additional increase of the rate of cooling 
and thus an increase in hardening. 
® The critical cooling rate depends on the composition 
and the grain size of the steel. Between 0.2°7) and 0.5% 
carbon content the critical cooling rate falls off very 
rapidly with increasing carbon content. Higher pro- 
portion of metals as chromium, manganese, molybdenum 
also tend to decrease the critical cooling rate and thus 
increase hardening. 

Metallographic investigations carried out in connec- 
tion with hardness test disclosed that atomic hydrogen 
welded specimens of all 1.2-mm. plates show a fully 
martensitic structure, thus a complete hardening in the 
weld and its immediate neighborhood. 

The acetylene welded 1.2-mm. plates of steel A show 
some martensite in the affected zone but without much 
hardening. The affected zones of the thicker plates, 
both acetylene and atomic hydrogen welded, consist of 
intermediate structures of the Widmanstatten type. 

Steel B is very similar to the previous one except, of 
course, for the greater carbon content which causes 
greater hardness throughout. The welds have marten- 
sitic structure with noticeable ferrite and intermediate 
formations. 

Steels C and D have a very fine grain structure in the 


Table 3—Results of the 


Method of Thickness 

Steel Welding Mm. Weld 
A Acetylene a. 196 
3.0 167 

Atomic hydrogen 1.1 345 

3.0 200 

B Acetylene hun 297 
3.0 279 

Atomic hydrogen 1.1 505 

3.0 225 

Cc Acetylene 1.3 246 
Atomic hydrogen 1.3 336 

D Acetylene 1.0 254 
2.6 220 

Atomic hydrogen 1.0 377 

2.6 251 

E Acetylene 1.2 243 
2.5 202 

Atomic hydrogen 1.2 488 

2.5 225 

F Acetylene 1.2 208 
2.5 189 

Atomic hydrogen 1.2 314 

2.5 208 

G Acetylene 1.2 251 
3.0 246 

Atomic hydrogen 1.2 345 

3.0 248 


Vickers Hardness; Load 10 Kg. 


Hardness Tests 


Width of Affected Zone 


1 Mm. from Weld Base Metal Mm In. 
246 187 12 0.47 
206 164 14 0.55 
462 180 6 ().24 
228 185 5 0.20 
274 206 12 0 
246 200 >16 >0.63 
640 208 } 0 
265 200 0.3! 
274 213 10 0.38 
441 193 3 0.1 
297 191 10 0. 36 
286 220 14 0.5! 
441 187 } 0) 
322 213 9 0.3: 
322 232 7 
254 202 13 oO! 
571 220 3 0 
322 220 9 0.3! 
206 165 12 0 
206 167 12 0 
322 156 >5 >: 
220 183 ~ 0.35 
349 224 13 Of 
297 218 17 0 
422 223 5 0s 
308 220 0.3: 
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Table 4—Results of Reversed Bending Tests 


Tensile Endurance Limit in Reversed Bend 10% Lb./In.? 
Thickness, Strength, Acetylene Welded Atomic Hydrogen Welded 
Mm Steel 10? Lb./In.? Unwelded As-welded Ground As-welded Ground 
1.2 A 87 40 40/41 63 
B 100 41 37 55* - 
Cc 92 44/45 30 60/61T 36 53t 
D 85 44/45 40 68 33 51* 
E 107 41/48 34 58 33/34 41 
F 77 38 36 50 36 47* 
G 108 44/45 37 53/54 33/34 50 


. 32 36 3e 30/31 
B 96 34 36 46 33 38t 
Cc 
D OS 36/37 28 41 28 40 
E 107 44 27/28 41 24 36/37 
F 78 32 31 38 30 34 


* All specimens failed in the base metal. 
t Some specimens failed in the base metal. 


base metal. The affected zones of both steels and the 
weld of the acetylene-welded steel C consist of marten- 
site and intermediate structures. Welds of steel D are 
fairly clear intermediate structures with the exception 
of the atomic hydrogen welded 1.2-mm. plates which 
have a pure martensitic structure. 

With the same exception the welds of steel E consist 
of ferrite, pearlite and intermediate structures of varying 
proportions. The affected zones are of similar composi- 
tion with larger grains and with martensite islands in 
the 1.2-mm. acetylene welded places. 

Steels F and G have a ferrite-pearlite structure in the 
base metal. The structure of steel G is much finer and 
contains intermediate formations. With the exception 
of the 1.2-mm. atomic hydrogen welded plates welds 
and affected zones of steel F consist of ferrite and inter- 
mediate structures. The hardness of the affected zones 
of this steel is only slightly above that of the welds. 
Even the 1.2-mm. atomic hydrogen welded plates are 
comparatively unhardened. The affected zones of 
steel G are martensitic with intermediate structure for- 
mations of varying sizes depending on the rate of cool- 
ing. The welds are intermediate structures with the 
exception of the 1.2-mm. atomic hydrogen welded 
plates. 

This investigation did not include determination of 
tensile strengths of welded plates. Nevertheless a few 
such tests were carried out. They have confirmed the 
conclusion reached by other investigators that welded 
plates have the same tensile strength as unwelded ones. 

The endurance limit in reversed bend was determined 
on the 740 cycle per minute machine of the Deutsche 
Versuchsanstalt fiir Luftfahrt* (German Experiment 
Station for Aviation). The well-known graphical 
method of Wéhler was used for the evaluation of the ex- 
perimental data. The computed endurance limits 
correspond to at least 5 x 10° cycles. 

Specimens were tested as welded and also with rein- 
forcements ground off. The former failed in the inter- 
mediate neighborhood of the weld or in a few cases in 
the middle of the weld or in the affected zone. Several 

series of specimens with ground off reinforcements failed 
in the unaffected zone of the base metal. 

Inspection of: Table 4 shows that thickness of the 
plates has a considerable influence on the endurance 
limit. With only two exceptions all values for 1.2-mm. 
plates are higher than the corresponding values for 2.5- 
mm. plates. The average difference in endurance limits 


* Matthaes, K., Metallwirtschafi, 12, 485-489 (1933). 
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for unwelded plates is 5800 lb./in.? For welded plates 
this difference is still greater, it reaches 17,500 Ib./in.* 
for acetylene welded plates with reinforcements ground 
off. A separate investigation is now in progress to de 
termine the dependence of endurance limit on plate 
thickness. It is safe to say that the endurance limit in 
reversed bend increases with decreasing thickness of the 
plates in good agreement with a result of Faulhaber for 
thin rods.* 

It is interesting to notice that grinding off the rein- 
forcement increased the endurance limit considerably. 
This increase was greater for thin plates than for thick 
ones and greater for acetylene welded plates than for 
atomic hydrogen welded plates. Grjnding improves the 
surface of the test specimens by removing the scale of 
the metal as well as the undercuts and all roughness ex 
isting on the surface of the weld. As the welds of the 
1.2-mm. atomic hydrogen welded plates are originally 
smoother than those of the acetylene welded plates it 


Table 5 
Mean Increase of Endurance Limit Due to 
Spec. Grinding in Lb./In.? 
Thickness, Mm. Acetylene Welding Atomic Hydrogen Welding 
1.2 22,000 14,000 
2.5 10,000 6,400 


was to be expected that grinding would not improve the 
qualities of the former as much as it would improve the 
latter. The favorable influence of grinding also mani- 
fested itself in the fact that many test specimens with 
ground off reinforcements failed in the base metal whereas 
all specimens tested as welded failed in the weld or next 
to it. When the reinforcements were not ground off 
the endurance limits in reversed bend were lower for the 
welded plates than for unwelded ones. The average 
difference was 7000 lb./in.? for the 1.2-mm. plates and 
6000 Ib./in.? for the 2.5-mm. ones. On the other hand 
the welded and machined plates yield higher values for 
the endurance limit than the unwelded ones as is readily 
seen from Table 4. 


Summary and Conclusion 


Seven C, Cr-Mo and Mn alloy steels with tensile 
strengths ranging from 76,800 to 114,000 lb./in.* were 
tested in the form of thin plates with specified thicknesses 


* Faulhaber, R., Mitt. Forsch. Inst. Ver. Stahlwerke Dortmund, 3, 153-171 
(1932/33). 
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of 1.2 mm. (0.047 in.) and 2.5 mm. (0.098 in.), respec- 
tively. The investigation included analysis of metallo- 
graphic structure, test of hardness and reversed bending 
fatigue test. It was carried out on unwelded, atomic 
hydrogen welded and acetylene welded plates. Test 
specimens were not heat treated after welding. 

1. Although generally in unwelded metals the en- 
durance limit in reversed bending increases with in- 
creasing tensile strength such relation does not hold for 
welded steels in the range of 76,800 to 114,000 Ib./in.? 
tensile strength. 

2. Endurance limits of thin plates increase with de- 
creasing thickness. 

3. The endurance limits of the welded Cr-Mo and 
Mn steels used in the aircraft industry can be assumed 
to lie between 31,000 and 36,000 Ib./in.? if the thickness 
of the plates is about 1.8 mm. (0.07 in.). For thinner 
plates endurance limits are even higher. The special 
aircraft Mn steels Izett 50 and Izett 70 are superior to 
the Cr-Mo steels in their lack of sensitivity to welding 


Heat Flow in Arc 
Welding 
Discussion by Dr. W. A. Bruce’ 


N DISCUSSION of this interesting paper an oppor- 

tunity will be taken to point out again the views 

expressed by Hodell concerning the importance of 
the determination of cooling rates in every configuration 
of welds and every condition to be anticipated. It is 
only through the knowledge of cooling rates in actual 
cases that we can apply even the limited knowledge we 
now have concerning the effect of hardness, grain de- 
velopment, martensite production, etc., to practical 
welding problems. 

With this objective in mind it is evident that the 
authors are striking at the center of the problem. 

They are to be commended upon the detail and care of 
experimental work and upon the skill of their mathe- 
matical analysis—in particular, the use of the Green 
function and the use of the Bessel functions in evaluating 
integrals. 

In regard to the mathematical work, the authors point 
out that not too good agreement was indicated between 
mathematical analysis and experimental work. 

Several possible reasons for this condition might be 
mentioned. In the first place, the material used was 
12 x 6 in. with a 9-in. bead. In the mathematical de- 
velopment it was assumed that this finite plate with its 
9-in. bead was a semi-infinite solid with an infinitely long 
bead, and that the difference between the solution of the 
semi-infinite solid case and the finite plate case was 
negligible. It is possible that the difference between 
these two cases would be negligible in comparison with 
the rather wide difference between theory and experiment 
observed by the authors. However, experimental work 
has shown that for a problem of this kind and with the 
dimensions indicated, the finite boundaries of the plate 
must be taken into account. Possibly the simplest 
method of doing this would be to imagine a system of 
image beads about the actual bead in such a way that, 
mathematically speaking, no heat would flow across any 
of the physical boundaries in the problem. 

* Paper by E. M. Mahla, M. C. Rowland, C. A. Shook and G. E. Doan 
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(cracks) and equivalent to them so far as their strength 
in bending fatigue is concerned. 

4. Atomic hydrogen and acetylene welding give 
nearly equal fatigue strengths. 

5. Machining after welding increases the fatigue 
strength considerably. 

6. The rate of cooling of the affected zones was very 
close to the critical cooling rate for all steels under in- 
vestigation. Hence, comparatively small changes in 
the rate of cooling produced a great variation in the 
metallographic structure and in hardness. It is there 
fore necessary in welding practice to use all possible de 
vices to decrease the rate of cooling of the welded struc- 
tures. 

7. Low carbon content keeps the hardening of an 
alloy steel within moderate limits; a certain minimum 
of ductility is thus preserved. At the same time the in- 
creased critical cooling rate has the consequence that 
complete hardening occurs in case of extremely quick 
cooling only. 


A second consideration in this problem, but possibly 
the most important thing to consider, is the general use of 
analysis in this type of work. As the authors have 
pointed out, the diffusion equation indicated in the weld- 
ing problem becomes a non-linear partial differential 
equation if any of the constants become functions of the 
temperature. Actually, heat and conductivity vary 
considerably with the temperature and we do have a non 
linear problem, but it can also be looked upon as a prob- 
lem in which we wish to obtain a solution to the linear 
diffusion equation with suitably chosen constants such 
that the solution will give the best approximation to the 
physical non-linear problem. 

This approach makes the problem an analytical- 
empirical one. The constants for the solution cannot be 
determined by simple laboratory measurements of specific 
heat and conductivity because these vary with tempera- 
ture. The most satisfactory method for determining the 
constants has been to weld a specimen of the type to be 
treated with the analytical formula and to adjust the 
constants in the formula until it yields a curve which 
agees with the experimental curve so determined. 
Strictly speaking, this procedure would require a different 
set of constants for every different problem involved. 
From a practical point of view, however, it has been 
possible to systematize a large number of welding condi 
tions under one set of constants. It is to be expected 
that there will have to be quite a number of different 
groups of problems for which we will have to have differ 
ent sets of constants to be used in the solution to the 
assumed analytical problem. 

This is necessarily a tedious procedure, but as was the 
case in the casing welding work it is one which promises 
fruitful results. The constants used in this paper were 
the same as those used in the casing welding problem, and 
evidently from the results obtained these constants were 
not adequate to take care of the difference in the two prob 
lems; the results indicate that it will be necessary to 
have different sets of constants for the two problems. 
This is not to be considered unusual because in one prob 
lem we are dealing with a full welded joint, whereas in 
the other we have a bead along the top of a plate. 

A possible procedure would be to make a direct solution 
of the non-linear partial differential equation which in- 
cluded the variations of conductivity and specific heat 
with temperature. This method is often more difficult 
and more tedious than the one just suggested. It would 
be especially difficult in considering problems in three 
dimensions. 
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Divergent Nozzle Tips for Economical 
Oxygen Cutting 


OVERNMENT reports reveal that the expendi- 

ture for oxygen in the United States for the year 

1937 was over $26,000,000. For the year 1941 

the consumption will undoubtedly be appreciably greater 

and may reach $50,000,000. These figures serve to 

indicate the importance of any development that has for 
its objective a more efficient use of oxygen. 

Practically from the inception of oxygen cutting, at- 
tempts have been made to reduce the amount of oxygen 
required for cutting a given thickness of steel. That 
these steps have resulted in worth-while savings is borne 
out by the growth and expansion of oxygen cutting. 
Some of the more important steps are listed below: 


1. Constant development work on better tips and 
auxiliary equipment required for oxygen cutting. 

2. The use of high purity oxygen. 

The use of long drag cuts. 

The development of proper method for tip selection, 

pressure, speed, etc. 

5. Proper supervision of the oxygen cutting pro- 
cedure. This includes proper maintenance of 
equipment. 


WwW 


Sufficient data have been published or otherwise made 
generally available on the above items so that the factors 
involved in economical oxygen cutting are well known 
today. For example, it is an accepted fact that more 
economical cuts will result through the use of high purity 
oxygen. Asa result, practically all oxygen now used for 
oxygen cutting is purchased on a specified high purity 
basis. Similarly, it is well known that long drag cuts, 
while about equal in quality to short drag cuts, result in a 
great saving of oxygen. 

There is an additional item which, although not en- 
tirely overlooked in the past, has not received the atten- 
tion it deserves. This is the matter of making narrow 
kerf cuts. It is obvious that if a smaller amount of metal 
is removed in the cutting process, less oxygen will be 
required. 

Some attempts have been made in the past to obtain 
narrower kerfs by using higher operating pressures 
which will permit the use of a smaller cutting oxygen 
passage in the tip. This method has not been particu- 
larly successful. With ordinary tip design a sudden 
turbulent expansion at the end of the tip results in ex- 
cessive widening of the oxygen stream and rapid loss in 
velocity head. Any gain from using the small bore tip 
at high pressures has, in general, been lost due to this 
flaring of the stream with the consequent wide kerf. 
In In many cases it is even wider than that resulting from 

” © Papes Paper gr ee at the Annual Meeting, A. W. S., Philadelphia, Pa. 
Oct. 20 to 1941. Contribution to the Welding Research Committee. 
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the use of a larger cutting passage and lower operating 
pressure. 

It was decided to attack the problem of obtaining a 
narrow kerf in an entirely different manner. Obviously, 
in order to obtain a narrow kerf, a narrow parallel- walled 
oxygen stream is required. Therefore, it was decided to 
go to higher operating pressures than are generally 
used and to eliminate the widening of the stream by using 
a cutting tip having a divergent portion** at the down- 
stream end of the cutting oxygen passage. 


General Theory of Oxygen Cutting 


In order to lay the ground work for our discussion of 
divergent cutting tips, it will be well to briefly review the 
theory of oxygen cutting in so far as it affects the follow- 
ing discussion. 


** U.S. Patent No. 1,985,080 (J. J. Crowe). 


Fig. 1—Progress of Cutting 
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Fig. 2—Nozzle Cross Sections 
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if iron in contact with oxygen is heated to the ignition 
temperature of approximately 1600° F., it will burn or 
oxidize very rapidly. The chemical equation for this 
reaction is as follows: 

3Fe + 202. = Fe;O, 

In the process of oxygen cutting advantage is taken of 
the capacity of pure oxygen to combine rapidly with 
iron that has been previously heated to the ignition tem- 
perature. Figure 1 illustrates the progress of the front 
edge of a cut in a small interval of time. The illustra- 
tion at the left illustrates the short drag cuts, while the 
illustration at the right represents the long drag cuts. 

The heavy line illustrates the position of the cutting 
front at a given instant, while the dotted line illustrates 
the position of the cutting front an instant later. De- 
noting the rate of forward travel of the tip as S and the 
rate of oxidation of the steel by R, it will be noted that 
the value of the rate of oxidation is approximately equal 
to the rate of motion of the tip in the upper part of the 
cut, whereas in the lower part, the rate of oxidation is 
lower than the rate of forward movement of the tip. 
The greater the lag in oxidation rate the greater will be 
the drag. 

In general, the use of a short drag cut indicates that an 
excessive amount of oxygen is being used. As the oxygen 
stream penetrates downward into the steel it is continu- 
ally and increasingly poluted with gases of combustion 
and particles of slag. Due to the polution of the oxygen 
stream as it progresses downward, it does not attack the 
front of the kerf as rapidly at the bottom of the cut as at 
the upper part. If an excessive amount of oxygen is 
used, this polution of the stream in the lower part of the 
cut will not be as pronounced and consequently, the rate 
of oxidation of the steel in the lower part of the cut will be 
substantially equal to the rate in the upper part. With 


the proper selection of tip, pressure, speed, etc., it is pos- 
sible to produce long drag cuts of a quality substantially 
equal to that resulting from the use of short drag cuts 
and at the same time use less oxygen. 

For reasons that will be discussed later, we should 
expect a tip of the divergent type to have a higher 
emerging stream velocity as well as a narrower stream 


when compared with tips of standard design. From a 
theoretical standpoint, it would appear that the in- 
creased velocity might conceivably have two beneficial 
effects. 

First, the increased velocity might tend to decrease 
polution of the cutting stream and thus serve to main- 
tain the high oxygen concentration as the cut penetrates 
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Fig. 3—Relationship of Divergent Nozzle Variables 


DIVERGENT NOZZLE CUTTING TIPS 


Fig. 4—-Schlieren Photograph Emerging Oxygen Stream 


the steel. As the oxygen stream penetrates the cut, its 
velocity is constantly being dissipated due in part to the 
need for driving the slag from the kerf. For this reason, 
it is probable that the stream with the greater initial 
velocity will tend to maintain an inner core of compara 
tively high oxygen concentration to a greater depth than 
the stream with the lower initial velocity. The second 
possible beneficial effect of the higher initial velocity is 
that the dynamic effect of the oxygen may increase the 
oxidation rate. 

The narrow parallel-walled exit stream is highly bene 
ficial because of the fact that the parallel-walled stream 
emerging from the exit end of the tip at substantially 
atmospheric pressure is neither expanding nor con 
tracting and consequently the width of kerf is only 
slightly greater than the diameter of the exit end of the 
tip and there is less tendency of the stream to dissipate 
due to turbulence after it leaves the tip. 


Theory of Discharge Through Nozzles 


The cutting oxygen passage of the standard form of 
tip is usually a simple nozzle having a form as illustrated 
by Fig. 2 (C). A more complicated form of nozzle is 
illustrated by Fig. 2 (B), which is the usual form of so 
called flow nozzle used in metering work. By adding a 
divergent portion to the flow nozzle, we obtain the 
divergent nozzle in Fig. 2 (A). In order to illustrate the 
advantage of adapting the divergent nozzle principle to 
oxygen cutting tips, it will be necessary to briefly con- 
sider the discharge from the various types of nozzles or 
tips. 

The expansion of oxygen through a cutting tip is very 
close to a true adiabatic process. There is practically no 
transfer of heat to or from the oxygen since a given 
particle of the gas is only instantaneously in contact 
with the wall of the tip. 

This applies whether the tip is of the simple nozzle type 
(this will hereafter be referred to as the standard tip) 
or the divergent type. In the simple adiabatic process 
there may be fluid friction and turbulence present to such 
a degree that the final temperature is nearly equal to 
the initial temperature and the final velocity nearly 
equal to zero. If expansion takes place so there is no heat 
transfer and no fluid friction or turbulence the process is 
known as a reversible adiabatic or isentropic process. 
In a well-made cutting tip the fluid friction is generally 
very low since the viscosity effect is almost negligible 
and the walls of the bounding passages are fairly smooth. 
Thus it may be said that the type of adiabatic process 
obtained in a tip depends primarily on the amountzof 
turbulence present. In a cutting tip of the divergent 
type, the expansion after the oxygen leaves the throat or 
minimum cross section is controlled, whereas, in the 
case of the standard tip, it is uncontrolled. Conse- 
quently, there 1s considerable turbulence in the latter 
case and very little in the former case. Therefore, it 
may be concluded that the expansion in the case of a 
standard tip is a simple adiabatic process while the diver- 
gent tip results in substantially an isentropic expansion 
of the oxygen. 
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Fig. 5—Impact Pressures in Oxygen Stream 


It was stated above that the expansion in the diver- 
gent tip is controlled, whereas it is uncontrolled or tur- 
bulent in the case of the standard tip. In order to 
point out just why this is true it would be well to con- 
sider the nature of the thermodynamic processes in- 
volved in the two cases. It is a well-known fact that as 
oxygen at initial pressures above about two atmospheres 
absolute flows through a nozzle, its pressure will drop 
in the throat or minimum cross section to a value of about 
0.53 of the initial nozzle pressure. Thus if the oxygen 
nozzle is operated at say 100 lb. per sq. in. absolute, the 
pressure in the throat will be about 53 psi absolute. 

In the standard tip, this value of pressure exists 
throughout the straight portion of the throat, neglecting 
the normal pressure drop required to move the gas. 
Thus at the exit end of the tip the oxygen suddenly ex- 
pands to about atmospheric pressure with extreme tur- 
bulence. 

It may be shown by static pressure measurements 
and other means that the oxygen upon leaving the tip 
may actually expand to a pressure below one atmos- 
phere, later be compressed above atmospheric pres- 
sure, and then go through numerous repetitions of this 
cycle. The net result is that the emerging stream is 
turbulent, has a cross section considerably greater than 
the throat of the tip and has a tendency to diverge or 
flare out. In a properly designed divergent tip, the 
oxygen expands from a value in the throat of 0.53 of the 
initial pressure to atmospheric pressure within the con- 
fines of the divergent portion of the tip. Thus the pres- 
sure at the end of the tip is equal to one atmosphere and 
the only turbulence in the emerging stream is the result 
of imperfections in the tip proper. The net result, in 
this case, is that the diameter of the emerging cross sec- 
tion is substantially equal to that of the exit diameter 
of the tip (see Fig. 2 14) and is substantially parallel- 
walled. 

There are two basic equations that are of fundamental 
importance in the design of a divergent tip. First of 
these, is the velocity equation :* 


P,\0-283 
V = 23 —(= 
00 (3) 


in which 
V = velocity at the discharge end of the tip—tt. per 
sec. 
P, = pressure at the discharge end of the tip—psi 
absolute 


P; 


* Nore: The velocity equation is based on an initial oxygen temperature 
of 70° F. and a negligible initial velocity. 


pressure at the entrance of the tip—psi absolute 


36-s WELDING RESEARCH SUPPLEMENT 


Since it is obviously desirable to have the oxygen dis. 
charge from the cutting tip at atmospheric pressure, it js 
equally apparent that P, in this equation should be 14.7 
psi absolute in the case of a divergent tip. 

Figure 3 includes a curve for the velocity equation on 
this basis. It will be noted from the equation that the 
maximum velocity of about 2400 ft. per sec. can be ob- 
tained only at an infinitely large initial pressure. At an 
initial pressure of 100 Ib. per sq. in. gage the theoretical 
velocity is on the order of 1600 ft. per sec., whereas at a 
pressure of 500 Ib., it would be about 1900 ft. per sec 
These values of velocity exist only at the discharge end 
of the tip. Ifa standard tip is used, the velocity equa- 
tion applies providing the proper value of P» is used. 
As noted previously, this value is 0.53 of the initial pres- 
sure. Because of this, the velocity curve shown on 
Fig. 3 does not apply in the case of a standard tip. 
Since the value of P: is 0.53 of the initial pressure, the 
value of the term under the radical in the velocity equa- 
tion will be constant regardless of the initial pressure. 
Therefore, the velocity at the discharge end of the stand- 
ard tip will always be the same regardless of what initial 
pressure is used. This value can be computed at about 
1000 ft. per sec. This does not imply that it is impossible 
to obtain velocities greater than 1000 ft. per sec. in the 
oxygen stream after it emerges from the tip. Sudden 
expansion as the stream emerges from the tip does result 
in higher velocities. However, these velocities will be 
substantially less than those obtained in the oxygen 
streams that have emerged from divergent tips because 
of the extreme turbulent flow. 

The second equation deals with the relationship be- 
tween the expansion ratio and pressure ratio of the 
divergent tip. The expansion ratio is defined as the 
ratio of the exit diameter to the throat diameter. Pres- 
sure ratio is the ratio of the absolute fnitial pressure and 
the absolute discharge pressure at the tip exit. The 
equation follows: 


where 


R = expansion ratio—exit diameter divided by throat 
diameter. 


0.283 
N = (7) 
P, 


In the discussion of velocity it was stated that by 
using a divergent tip, it is possible to provide more com- 
plete expansion within the confines of the tip, namely, a 
discharge pressure of one atmosphere. Starting with the 
given throat diameter and initial pressure, the above 
equation may be used to define the proper exit diameter 
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Fig. 6—Typical Drag vs. Oxygen Consumption Curves 


DRAG INCHES 
Ss 


aes 


JANUARY 


: 
zr © Q y < for 
| con 
Thi 
Mi 2 
| | < tips 
thr 
the 
m 
det 
be 
for 
D 
va 
to 
re 
p 
a 
P 
VNI(N + 1) 
NWN + 
| 
7s 
Bas | 
pras o 
om 
yt 


for a discharge at atmospheric pressure at the end of the 
tip. 

There is an additional point that should be noted when 
comparing the simple nozzle with a divergent nozzle. 
This is that with comparable approach conditions both 
tips will discharge substantially the same amount of 
oxygen per unit time providing the initial pressures and 
throat diameters are equal. The reason for this is that 
the pressure, temperature and velocity in the throat or 
minimum section of both types of nozzles are equal and 
determine the rate of flow through the tip. 


Initial Considerations 


Once the theory of divergent nozzle discharge had 
been reviewed, the next step was to lay out the program 
for the actual development work. 


Design Variables 


First on the list was a consideration of the probable 
variables to which definite values would eventually have 
to be assigned. These variables which will hereafter be 
referred to as design variables were listed as follows: 

1. Initial pressure. 

2. Throat diameter. 

3. Expansion ratio. 

4. Angle of divergence. 


In the previous section, it was brought out that for a 
particular divergent tip, there is an optimum value of 
initial pressure at which the discharge will occur at a 
pressure of exactly one atmosphere. The significance of 
this is that a divergent tip must be operated within 
a fairly limited range of initial pressure if full advantage 
of the design is to be obtained. Therefore, the first 
problem was to assign a basic value for the initial pres- 
sure to be used. A high value for initial pressure is 
indicated since higher velocities are obtained through 
the use of the higher initial pressures and the higher 
velocities appear to be beneficial in the cutting process. 
However, there are important reasons for limiting this 
initial pressure. In the first place, existing pressure 
regulators have a definite upper range of operating pres- 
sure. In general, it may be safely stated that the vast 
majority of regulators cannot be adjusted for pressures 
above about 200 Ib. per sq. in. and many regulators now in 
general use have a maximum operating pressure of 125 
lb. per sq. in. Also there are the factors of hose strength 
and flexibility to be considered. Still another factor 
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Fig. 8—Effect of Angle of Divergence of Divergent Tips 
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is that if very high initial pressures are used, more oxy- 
gen will be left in cylinders or manifolds with a conse- 
quent increase in oxygen and transportation costs. 

In addition to these practical reasons for limiting the 
ralue of the basic initial pressure, it should be noted 
that the net gain in velocity is less and less as the pressure 
increases. For example, if the initial pressure is increased 
from 50 Ib. per sq. in. to 100 Ib. per sq. in., an increase of 
velocity of about 175 ft. per sec. will result. In order to 
increase the velocity by another 175 ft. per sec., the pres- 
sure must be increased to about 200 Ib. per sq. in. 

In the same manner, higher pressures mean larger 
expansion ratios and smaller throat diameters. The 
first of these items means a wider emerging stream while 
the second item results in a narrower stream. The net 
result is a slightly narrower stream as the pressure in- 
creases, but not to such an amount as might first be 
imagined. 

After full consideration of all of the facts involved 
in the selection of the basic initial pressure, it was de- 
cided that the divergent tips should be designed on the 
basis of a basic initial pressure of about 100 Ib. per sq. in. 

Since there is a more or less definite oxygen discharge 
rate required to complete a cut on a given thickness of 
steel, the approximate range of throat diameters was 
determined by the initial pressures selected and this dis- 
charge rate. 

The theoretical expansion ratio for a divergent tip is 
given by the equation presented in the previous section. 
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Since it was not known just how close the theoretical 
value would apply in the case of the actual cutting tip 
various values for this variable would, of course, require 
investigation. The fourth variable, that is, the angle of 
divergence, Fig. 2 (A), is an item that cannot readily be 
computed by rational means. Consequently, its value 
must be determined experimentally. It is obvious 
that all three of the principal variables (the initial pres- 
sure is no longer considered a variable, since its value has 
now been arbitrarily assigned) are interrelated and in 
order to produce the best tip, the optimum relationship 
between the variables must be determined. 


Other Items of Importance 


The variables considered so far are problems of design. 
Other items, including problems of test procedure that 
must be given careful consideration if they are not to 
assume a major réle, are as follows: 


1. Speed of cutting. 

2. Acetylene preheat. 

3. Angle of incidence of the torch axis to the front 
edge of the metal. 

4. Character of the approach passages. 

5. Quality of machine work on the cutting oxygen 
passages. 

6. Cleanliness of the steel, including surface condi- 

tion. 
Precision of the various measurements. 


Standard Cut 


After consideration of the variables involved, the next 
step was to decide on what basis the operation of the 
tip was to be judged. It was decided to make use of 
the ‘standard drag method” as this method had served 
satisfactorily on previous oxygen cutting studies. In 
this method, a cut is judged to be standard if the length 
of drag is a maximum that is possible with complete 
severing of the piece and no uncut final corner. 

On previous investigations, the length of standard 
drag for various thicknesses of steel was found to be in 
accordance with Table 1. 


Tip Comparison 


Another decision to be made before starting the actual 
development concerned the method or methods to be used 
for selection of the best divergent tip for a given thick- 
ness of steel. Earlier in this section, the basic value of 
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Table | 


Thickness of 
Material In. 
1 


Approx. Length of 
Standard Drag In. 


/2 0.10 
1 0.19 
2 0.22 
Over 2 0.25 


100 Ib. per sq. in. was assigned to the initial pressure. 
It was stated that there is a more or less definite oxygen 
discharge rate required to complete a cut on a given 
thickness of steel. However, this rate served only as a 
starting point. Therefore, it was realized that a fairly 
wide range for all four design variables and for the speed 
of cutting would probably require study. Obviously 
this work would require making and testing an enormous 
number of tips to adequately cover the range when it is 
considered that material thicknesses up to about 8 in. 
were to be covered. Because of the magnitude of this 
task, various expedients to decrease the number of de- 
tailed test cuts were considered. Among the methods 
believed to be worthy of trial were analysis of the emerg- 
ing stream by means of Schlieren photographs and impact 
and static pressure measurements. Also, there was the 
possibility that measurements of the oxidation rate fur- 


nished by various types of oxygen streams might be of 
value. 


Speed of Cutting 


Since the object of this investigation was to promote 
more economical use of oxygen by using divergent tips 
the two most obvious methods were investigated. First, 
it was believed possible to accomplish a cut on a given 
thickness of material by maintaining a speed of cutting 
about the same as had been previously found best for 
standard tips and to materially reduce the amount of 
oxygen used. Second, the amount of oxygen used might 
be maintained at about the same level required for exist- 
ing standard tips and thus obtain a substantial increase 
in speed of cutting. In order to determine which of these 
methods would produce cuts at the lesser cost, it was 


Fig. 11—Typical Diver- 
gent Tip Streams 
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necessary to consider labor and overhead costs in addition QVERCENT STANDARD STANDARD @ OIVERGENT STANDA 
to that of the oxygen and acetylene consumed. Careful | ee 7 Sens a J 

analysis will indicate that for the lighter thicknesses the 100485. : WOLDS. 
cost of labor and overhead is the dominant factor deter- eo ee a ’ 
mining the cost of the operation. As the thickness in- 
creases, the ratio of gas cost to labor and overhead cost 
increases, so that with the heavier sections the gas costs 
are quite often predominant. From this reasoning it 
will be noted that, generally speaking, emphasis should 
be placed on speed for the lighter thickness and on oxygen 
consumption in the case of heavier cuts. 

In addition to the cost factor, there are other items 
that may determine the speed with which a given cut may 
be accomplished. These items may be conveniently 
grouped under the heading of ‘‘cutting conditions.’’ The 
lack of homogeneity of the steel, for example, may limit 
the speed. If there are numerous inclusions and pockets 
present, high speeds are definitely impossible since the 
cut is too easily lost. If the steel is square edged, starting 
will generally be easy even with high speeds, but extreme . 
rounded corners and rough edges generally mean that Th 
lower speeds will be required at least until the cut is well 
under way. The surface condition of the steel also 
affects the speed of cutting. Ifa flying particle of scale, Object and Method of Investigation 
loosened by the preheat flames, momentarily obstructs 
the cutting oxygen stream there is more chance of the 
cut being lost at high speeds than at lower speeds. Ob- 
viously, every time a cut is lost, the cost of making the cut 
is increased. 

In shape cutting, rapid changes in the direction of 
cutting will be accomplished with greater facility at the 
lower speeds and if manual tracing devices are used the 
accuracy will be improved. The question of manual 
tracing is more important in the case of the lighter sec- 
tions since the maximum cutting speeds that are possible 
with heavy sections are usually low enough to allow ac- 
curate manual tracing. It was believed that careful 
consideration of all of the above factors, operating data 
for various divergent tips, and the assumption of repre- 
sentative values for gas, labor and overhead costs would 
lead to the selection of a practicable series of divergent 
tips for most economical cutting. 

There may be cases in which there is still another 
speed factor involved. This is the question of delivery 
time for the finished article. If the delivery time is 
more important than cost considerations, it is obvious 
that the highest practicable speed of cutting should be 
used. However, this factor is outside the scope of this 
investigation. 


The purpose of the investigation was fourfold: First, 
it was desired to determine a practical divergent tip de- 
sign, making use of the so-called Laval Nozzle adapted 
for oxygen. Second, it was desired to compare the 
results actually obtained with those theoretically pos- 
sible in accordance with the theory involved. Third, 
it was desired to compare the results obtained with the 
divergent tip with those obtained when using the stand- 
ard tip now in general use. Fihally, it was desired to 
determine the useful range for a given tip and so deter- 
mine the number of tips required for the range of thick- 
ness of up to about 8 in.* 

The basis for starting the design of a divergent tip for a 
particular thickness of steel involved the arbitrarily se- 
lected initial pressure and the oxygen discharge rate that 
would result in most economical cuts when using a stand- 
ard design. From these two items a value for throat 
diameter could be computed. Knowing the initial pres- 
sure and the throat diameter the theoretical value for 
exit diameter could be computed from the equation pre- 
sented earlier. By assuming a value for the angle of 
divergence it was possible to assign values for all of the 
design variables. The resulting divergent oxygen cut- 
ting tip could be assumed to be basic. Other tips were 
designed using values for the variables either side of the 
basic values. 

Since there were two distinct phases in the study of a 
tip, namely, practical cutting studies and stream meas- 
urements, they will be considered separately. 


Fig. 12—Etfect of Pressure on Stream Appearance 


Stream Measurements 


After a tip had been constructed the general procedure 
was to study the characteristics of the emerging oxygen 
stream when using various initial pressures. The most 
useful method of accomplishing this was to project a 
Schlieren image of the emerging oxygen stream on a 
screen. If it was believed to be warranted, photographs 
were taken of the image. Figure 4 illustrates a photo- 
graph taken in this manner. With the Schlieren appara- 
tus it is possible to inspect the visible appearance of the 
emerging stream and to qualitatively determine the ratio 
of the emerging velocity to the velocity of sound at that 
point. What is of more importance, it is possible to 
determine the approximate diameter and shape of the 


* Note: Work on heavier thicknesses has since been undertaken 


1942 DIVERGENT NOZZLE CUTTING TIPS 39-s 


t 
4 
i 
(3 
J 
t 
¥ 
@ 
OF 
2. 
> 


stream at various intervals along its course. By using 
this method, some tip designs could be abandoned with- 
out making time-consuming cutting studies. 

An alternate method involves the use of impact and 
static pressure measurements of the emerging stream. 
Figure 5 represents the results of typical impact pres- 
sure traverses. The position of the impact tube in the 
nodes was determined by observing the stream and im- 
pact tube on the screen of the Schlieren apparatus. 
The left hand view represents a traverse along the axis 
of the stream while the right hand view represents tra- 
verses made in two cross sections of the stream. Thus 
the regions of high- and low-impact pressure may be 
readily determined. 

An early attempt was made to determine the emerg- 
ing velocity at various points in the stream by observing 
impact pressure, static pressure and temperature at the 
same point. The results were of questionable accuracy 
due to the small high-velocity streams involved, the 
relatively large static tubes required for practical reasons 
and to unreliability of the temperature measurements. 
Consequently, the impact studies were of principal use in 
outlining the shape of the stream. 

Various methods of studying the rate of oxidation indi- 
cated that while a more precise and detailed investiga- 
tion of this phase of the matter may sometime in the 
future lead to very promising results, it would be of 
little use in the present investigation. 


Cutting Studies 


Once a tip was deemed worthy of further study as a 
result of the Schlieren and impact studies, more or less 
detailed cutting tests were carried out. Sufficient test 
cuts were made using different speeds and initial pres- 
sures to prepare a series of curves similar to those shown 
on Fig. 6. For a given speed the lowest initial pressure 
and consequently, the lowest oxygen discharge rate was 
determined for obtaining a standard drag cut. The 
speed was increased to a point where a standard drag 
could not be obtained no matter how great an initial 
pressure was used. The information on Fig. 6 represents 
the basic performance for the tip, exclusive of cut quality 
which is a matter of judgment on the part of the operator. 
From the information on Fig. 6, it is possible to plot 
standard drag curves similar to those shown on Fig. 7 

In order to determine the optimum value for the 
throat diameter, expansion ratio and angle of diver- 
gence, data for curves as shown on Fig. 6 were gathered 
using a range of values for the variables within which the 
optimum value was believed to be. From these basic 
curves, Figs. 8, 9 and 10 were prepared. By careful 
analysis of the curves on these three figures it was pos- 
sible to determine the best design of a divergent tip for a 
particular thickness. 

This procedure was followed in considerable detail in 
the case of tips for six, two, one, and one-half inch mate- 
rial and to a lesser extent for other thicknesses. In this 
way, it was determined just what effect the thickness 
of the material had on the various design variables 

In order to insure a reliable comparison of the results 
when using divergent tips with results using standard tips 
similar cutting tests were made using the tips of standard 
design. Oxygen consumption vs. speed curves similar 
to those shown on Fig. 7 were obtained. 

The low-carbon steel used for all cutting tests was as 
clean and uniform as could readily be obtained. Mill 
scale was removed from the surface by pickling and flame 
cleaning. The starting and finishing faces were square 
edged and normal to the top and bottom of the specimen. 
The cuts were all made in a direction normal to the direc- 
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tion of rolling. The axis of the cutting oxygen stream 
was maintained parallel to the starting face of the piece 

The initial experiments involved approach passages 
and throat lengths very similar to those ordinarily em- 
ployed for the usual standard tips as shown in Fig. 2 (c). 
Later studies were carried out to determine the effect of 
shortening the throat length more in accordance with 
steam nozzle design. Although the short throat length 
might be expected to give best results it was determined 
that the precision of machine work required to produce 
suitable short throat lengths would be impractical due 
to the small passages involved. Eventually, the ap- 
proach passages were designed on a rational compromise 
basis. 

In addition to the simple divergent design, other de- 
signs of a somewhat similar nature were tried out with 
inferior results. 


Visual Stream Inspection 


Early in the investigation it was noted that the diver- 
gent tips gave a long, narrow, visual emerging oxygen 
stream with the preheat burning. If this long parallel- 
walled stream were absent, it was indicative that the 
initial pressure was incorrect for the particular expansion 
ratio, that the tip was dirty or imperfectly machined. 
Invariably, inferior results were obtained if this long 
stream were absent. Figure 11 represents photographs 
of two different sized divergent tips taken under these 
conditions. 

This method of inspection of the emerging oxygen 
stream also serves other purposes. For example, it gives 
the approximate range of usefulness of a tip. When 
the investigation was started, it was not known how 
much the basic initial pressure could be varied and still 
have a satisfactory emerging oxygen stream. Figure 12 
covers photographs of the stream from a tip at five differ- 
ent initial pressures. It will be noted that the longest 
stream occurs at the basic pressure, but that it is possible 
to work at considerably higher and lower pressures and 
still maintain a fairly satisfactory stream. 

Other uses of this method are to compare the emerg- 
ing streams from standard tips with the divergent tips. 
Figure 13 covers a divergent tip discharging oxygen at 
about 45 cu. ft. per hr. at 100 psiinitial pressure. Also in- 
cluded are two different sizes of standard tips discharging 
at the same rate but at pressures of 35 and 20 psi. The 
former tip gives a long narrow stream while the two latter 
tips have shorter and wider streams. In Fig. 14 there is 
a divergent tip and a standard tip having the same throat 
size and operating at the same pressure of 100 psi. This 
photograph illustrates why the method of using standard 
tips at high pressures in an effort to produce narrow kerfs 
results in failure. 

Although this method of inspection of emerging 
streams is not intended to have quantitative significance, 
its efficacy in comparing tips has been demonstrated by 
actual test results. 


Results of Cutting Studies 


Oxygen Consumption and Speed of Cutting 

Figure 15 covers curves for speed and cutting oxygen 
consumption plotted against thickness of the steel. 
They were prepared as a result of numerous tests in 
which the minimum cutting oxygen consumption was 
determined at which standard drag cuts could be accom- 
plished when using a cutting speed about equal to that 
resulting through the use of standard tips. All of the 
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cuts were of good quality, at least equal to those that 
could be obtained using the very best standard tips. 
An inspection of the curves clearly indicates that the use 
of divergent tips results in a saving in cutting oxygen of 
between 25% and 40% when compared to the standard 
tip performance at the same cutting speed. 

Figure 16 is similar to Fig. 15 except the rate of dis- 
charge of cutting oxygen is held constant at values for the 
different thicknesses that are about equal to those pre- 
viously found very satisfactory when using standard 
tips. The curves indicate that speeds of from 20 to 25% 


greater may be obtained when using divergent tips. In 
order to obtain the greater speed, it is necessary to use a 
larger divergent tip than that specified for the cuts hav- 
ing a low oxygen consumption. The quality of the cuts 
made at the high speed was generally acceptable al- 
though not quite up to the standard set for the cutting at 
lower speeds. 

It should be borne in mind that the values for speed 
and oxygen consumption shown in Figs. 15 and 16 are 
laboratory results and will not always be obtained in the 
field unless all factors are favorable and the cutting is 
properly supervised. However, it should also be noted 
that any reduction in speed or increase in cutting oxygen 
consumption, that may be required when using either 
the divergent tips or the standard tips, will also be re- 
quired when using the alternate design. 

Thus if cuts are made with both tips under condi- 
tions that are not favorable for production of the most 
economical results, equal savings will result if the same 
care is used with both tips. 


Tip Separation 


In the investigation no particular emphasis was 
placed on actual spacing of the end of the tip from the 
steel being cut. The spacing was usually adjusted so 
that the tip of the preheat flames just touched the steel. 
Since other investigators have at various times found 
that the tip spacing was of importance, a brief study was 
made to determine just what effect this variable had on 
the resulting performance of the tip. 

It was determined that within reasonable limits, the 
spacing had no effect on performance. 


Position of Torch Axis 


Several test cuts were made in an effort to determine 
whether or not the proper position of torch or tip axis 
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was vertical or inclined toward or away from the front 
edge of the specimen. On the lighter thicknesses it was 
determined that very little difference in performance re- 
sulted from a slight deviation of position of torch axis 
from the vertical, whereas with the heavier thicknesses 
it was found to be important that the axis be vertical 
If the tip is inclined toward the rear, it was found that 
upon starting the cut, some of the slag would blow down 
the front face and freeze near the bottom and result in a 
lost cut, whereas if the tip axis were inclined forward, 
it was found that pockets were formed and again a cut 
would be lost. 

From these tests it was concluded that the optimum 
position of the torch or tip axis was in a vertical position 
and normal to the upper face of the steel being cut 


Starting Cuts 


For the lighter thicknesses, it was determined that the 
cut could be started in the usual manner. However, 
with the heavier thicknesses, it was determined that 
very accurate control of the starting technique is re 
quired. It should be noted that, when using high speeds 
or producing economical cuts, especially on the heavier 
thickness of steel, there is very little margin for error in 
starting the cut. In other words, if the technique is not 
correct, it is probable that the cut will never be started 


Width of Kerf 


The width of kerf resulting from the use of a divergent 
tip appears to be from one-half to three-quarters of that 
obtained from the use of the usual standard tip. 

As was expected, this obviously represents the prin- 
cipal advantage of the divergent tip inasmuch as a nar- 
row kerf means that less steel giust be removed and 
consequently less oxygen is required to oxidize the 
steel and drive the slag from the cut. Variations in kerf 
width from top to bottom of cut were in general negligible 
and appear to be roughly the same as in the case of the 
best standard tips. With suitable speed the pressures, 
it is possible to obtain very nearly parallel-walled kerfs. 
Approximate kerf widths for the divergent tip and stand- 
ard tip are given in Table 2. 


Quality of Cuts 


Due to the narrow kerf width resulting from the use of 
divergent tips, there appears to be a tendency for more 
adhering slag at the bottom of the cut. This ts true 
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Table 2* 


Approx. Kerf Approx. Kerf 
Width for Width for 
Thickness in Divergent Tip Standard Tip 
Inches in Inches in Inches 
1 
2 


* Based on the lower speed cuts. 


particularly in the case of very economical cuts. The 
probable reason for this adhering slag is that, due to 
the narrow kerf width and the small amount of metal 
removed from the cut, the heat of the oxidation process 
is not as great and consequently there is more tendency 
for the slag to freeze at the bottom of the cut. How- 
ever, in no case was the adhering slag of such volume or 
tenacity that it could not be easily removed. In most 
cases, it will drop with the piece. 

While the laboratory tests indicated that cuts made 
with the divergent tip were about of the same quality 
as could be obtained with standard tips, field reports 
indicate a higher quality cut for the divergent tip. 


Cleaning Tips 


Since the savings possible through the use of divergent 
tips depend to a large extent on the shape and cleanliness 
of the divergent portion of the tip, it is essential that this 
portion be maintained in its original condition. For this 
reason ordinary cleaning methods should not be used. 
Cleaning the tips with the usual cleaning drills used for 
maintenance of standard tips may result in so altering 
the contour of the exit portion of the divergent tip that a 
large portion of its advantage may be lost. Any tool 
that might cause small irregularities in the cutting 
oxygen passage should definitely not be used for cleaning 
the divergent tip. 

It has been demonstrated that the occasional particles 
of slag that may find their way into the exit portion of 
the tip may readily be removed by judicious use of a 
special cleaning rod having a rounded end or by use of a 
small tapered piece of fiber or hard wood. A divergent 
tip that needs cleaning is instantly observed since the 
appearance of the emerging stream with the preheat 
burning will give reliable evidence of a dirty tip. Figure 
17 illustrates a clean tip and one that is in need of clean- 
ing. 

In the event that the tip has been subjected to a 
piercing operation or the end has been subjected to a 
stream of flying slag such as may result in the case of a 
lost cut, more drastic cleaning methods may be required. 
In this event a special technique is required which is 
best accomplished by a properly instructed repairman. 


Tentative Final Design 


The range of material thickness for which div ergent 
tips were to be selected was originally set as up to 8 in. 
Due to the success encountered, this range has since 
been extended upward, but the discussion will be limited 
to the original range. In order to specify a set of tips to 
adequately cover this range, it was necessary first of 
all to decide whether the tips giving the lowest oxygen 
consumption at the lower speeds formerly used with 
standard tips or the tips giving the highest speeds at no 
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Fig. 17—Stream Appearance 


increase in oxygen consumption over the standard tips 
should be used. The data from which Figs. 15 and 16 
were prepared cover these two cases. 

In the section entitled “Speed of Cutting’’ the factors 
determining the effect of cutting speed on the economics 
of the cutting process were discussed. These factors 
may be listed as follows: 


1. Cutting oxygen costs. 

2. Preheat costs. 

3. Labor and overhead costs. 

4. Cutting conditions involved, includes cleanliness 
of steel, starting conditions, equipment avail- 
able, straight line vs. shape cutting, manual vs. 
automatic tracing, etc. 


On the assumption that the cutting conditions are 
favorable, the problem of selection between low-speed 
and high-speed cuts will involve only the gas, labor and 
overhead costs. In order to compare cuts made by the 
two methods, the following equation may be used: 

L , 12W 
_ OL , 12W 
5S S 
in which 

T—cost per foot of cut less preheat costs—cents 

Q—cutting oxygen consumption cu. ft. per hr. 

L—cost of oxygen—cents per cu. ft. 

W—abor and overhead cost—cents per min. 

S—speed of cutting—in. per min. 


The above equation does not include the cost of the 
preheat. Since this item, when using acetylene, is 
usually only about 10°% of the total gas cost and since 
any difference in the preheat required for the high- or 
low-speed cuts will usually be only a small percentage of 
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this, it may safely be stated that the preheat will amount 
to only about 2 or 3% of the total when differences in 
cost are being considered. If the actual cost of a given 
cut is to be determined, the preheat should, of course, be 
included. 

Using the above equation and assuming representative 
figures for oxygen, labor and overhead costs, it may be 
shown that the high-speed cuts are slightly more eco- 
nomical than the low-speed cuts. The difference is usu- 
ally very slight. Because of this and of the fact that the 
cutting conditions are quite often unfavorable for high- 
speed cuts, the tips selected for the tentative final design 
were selected on the basis of the low-speed cuts covered 
by Fig. 15. 

However, it should be noted that the same set of tips 
may be used for high-speed cutting simply by using a 
larger tip than is specified for lower speeds. Thus the 
same set of tips may be used to meet both conditions. 

The tips are spaced in a geometrical pattern so that 
the percentage overlap between any two tips is roughly 
the same. A total of seven tips is required for the low- 
speed cutting. An additional tip is required if the full 
range of up to 8 in. is also to be covered for high-speed 
cuts. 

The initial tips have been designed having preheat 
orifices about similar to those employed for standard 
tips for use with acetylene but with slightly smaller 
passages since the tips are not intended for use for hand 
cutting operations nor on steel with extremely heavy 
scale. Experience may indicate the desirability of 
different preheats, and experiments are now under way 
to further investigate this phase of the matter. 

The angle of divergence found best for the lighter 
thicknesses was slightly less than that determined for 
the heavier thicknesses. Also the expansion ratio is 
less for the larger tips, consequently lower pressures are 
used for the heavier thicknesses. 


Summary 


An investigation has been carried out to determine 
whether more economical oxygen cutting would result 


from the use of cutting tips fashioned with a divergent 
exit portion. A systematic analysis of the effect of the 
various design variables and detail test cuts have led to 
the development of a tentative series of divergent cut- 
ting tips for the range of material thickness up to about 
Sin. Using these tips, it is possible to reduce the cutting 
oxygen consumption 25 to 40% as compared with stand- 
ard forms of tips when operating at speeds previously 
used. It is also possible to operate at speeds 20 to 25 
per cent greater than those obtained with standard tips 
when using the same oxygen discharge rate employed 
with the standard tips. 

These gains result from the narrow high velocity 
emerging oxygen stream and consequent narrow kerf 
which is 30 to 50% less than when standard tips are 
employed. The quality of cuts made with these tips is 
comparable with that obtained using the most precise of 
the standard tips. 

Various new methods were employed for evaluating 
the stream characteristics with the result that the num- 
ber of test cuts was materially reduced. 
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Welding is a modern tool which helps 
speed up the production of ships, tanks, 


planes, guns, trucks and trains. Welding 
has reached its present stage of perfec- 
tion through research. Many problems 
remain to be solved. 


Of special interest is a fundamental re- 
search program, published elsewhere in 
this Supplement, which is basic to every 


branch of the industry. Funds are 


needed. Cooperation is invited by spe- 
cial contributions ranging from $250 to 
$5000, ear-marked for this special in- 
vestigation, or for the general work of 
the Welding Research Committee. A 
copy of the Annual Report of the Commit- 
tee for the year 1941 will be sent to you 
upon request. Kindly address the Weld- 
ing Research Committee, 29 West 39th 
Street, New York, N. Y. 
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HE designing and detailing of welded structures 

with angle members are often handicapped by a 

conventional practice of connecting such members 
with “‘balanced” welds. This practice consists of dis- 
tributing the welds along the heel and toe of the angle 
so that the working strengths of the welds are balanced 
about the projection of the center of gravity of the angle 
on the connected leg. Such a balanced design requires 
approximately twice as much weld along the heel of the 
angle as along the toe of the angle and it is often difficult 
or expensive to provide space for such connections. 
The primary purpose of this investigation, therefore, is 
to determine whether it is necessary to adhere to this 
theoretical balanced design or whether other arrange- 
ments of welds are equally effective. 

A few tests of welded angle connections have pre- 
viously been made which did not support the theory of 
balanced design, but they have not been extensive 
enough to be conclusive. This investigation consists of 
fifty-four ultimate strength tests of welded connections 
of angles to flat plates which were designed to fail in the 
welds. The fifteen different arrangements of welds 
which were investigated comprise most of the types of 
joints commonly used for angle connections. Special 
measurements were made on a few typical specimens to 
study the elastic effect of balanced and unbalanced welds 
and the inherent eccentricity of angle connections. 


Test Program 


Two types of test specimens were used in this investi- 
gation, the single angle test and the double angle test, 
as shown in Fig. 1. The angle in the single angle test 
specimen is eccentric with the application of the load 
and will bend in a plane normal to the plane of the welds 
and cause the end of the angle to rotate. The connec- 
tion plates are relatively flexible in this direction and 
offer little restraint to the rotation. The double angle 
test specimen is symmetrical with respect to the applica- 
tion of the load so that there is no bending or rotation 
at the connection and it is thus more effective in showing 
any difference in the behavior of balanced and unbal- 
anced weld designs. 

In practical applications the gusset plates and webs 
of toe sections as used in truss construction probably 
offer more bending restraint to single angle members 
than the grip plates do to the test angle, so that a direct 
interpretation of the results of the single angle test is on 
the side of safety. 

In order to study the strength of different types of 
connections it was necessary to design the specimens to 
break in the welds. The working load of the angles was 
taken as 20,000 psi over their entire cross section. 


* Presented at the Annual Meeting, A.W.S., Philadelphia, Pa., Oct. 20 to 
24,1941. A contribution to the Welding Research Committee 
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An Investigation of Welded Connections 
for Angle Tension Members 


By G. J. Gibson and B. T. Wake’ 


Several pilot tests were made to determine the design 
stress for the welds which would generally insure failure 
in the connections rather than in the angles. A stress 
25% in excess of the ordinary design unit stress of 13,600 
psi for shear in fillet welds was finally used for all test 
welds. This stress corresponds to 1500 Ib. per linear 
inch of '/s-in. fillet weld. The grip plates were designed 
so that they would be stressed below their yield point 
when the angles were stressed to their ultimate load. 

The various arrangements of welds tested are illus- 
trated in Figs. 2 and 3. The sketches in these figures 
also indicate the general conditions which govern the 
practical use of each type of connection. 


Preparation of Test Specimens 


The angles used were structural grade steel (A.S. T. M.- 
A7) with a yield strength ranging from 38,800 to 39,900 
psi and a tensile strength from 64,400 to 70,400 accord- 
ing to the mill reports. The angles were cut to length 
by shearing and were fitted to the grip plates in a jig so 
that the center of gravity of the angle and centerline of 
each grip plate were in a plane normal to the plane of the 
connection. The special flattening of the ends of angles 
for tests Nos. 6 and 7 was done in a steam forging press 
by pressing them cold between a flat anvil and hammer. 

The test specimens were welded in the horizontal 
position by an experienced operator. The electrodes 
used were of the straight polarity type and complied 
with the A. W. S.-A. S. T. M. specification A233—40T 
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Fig. 1—Details of Test Specimens 
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for Class E-6012 electrodes. The '/,-in. fillet welds 
were made in one pass with */,.-in. diameter electrodes 
at 250 amp. and the °/,.-in. fillets also were welded in 
one pass with */s:-in. diameter electrodes at 315 amp. 
The */s-in. and '/-in. fillet welds were made in two and 
three passes, respectively, with ‘/»-in. diameter elec- 
trodes at 300 amp. The leg dimensions of all the welds 
were held closely to size. The one-pass fillets were 
slightly convex, but the multiple-pass welds had straight 
faces. 


Test Procedure 


The testing machine used for these tests was a 200,000- 
lb. hydraulic machine which can accommodate tensile 
specimens 6 ft. long. Since these tests were made pri- 
marily to determine the strength of the connections, the 
important factors in testing were the maximum load 
and the type of failure. Most of the failures were pro- 
gressive so that there was time to observe the various 
stress concentrations which caused the initial fractures 
of different types of welds. 

Special measurements were taken on a few typical 
specimens to determine the effect of the connection on 
the behavior of the angle, particularly in the single angle 
tests. One method was to measure the middle ordinate 
due to bending over a 20-in. length in the center section 
of the angle. These measurements indicated the direc- 
tion and magnitude of the bending in the angle. On 
two single angle test specimens strain measurements were 
taken at the center of the angles using a 2-in. gage length 
averaging type extensometer to measure the strain in 
both toes of the angle. In two other specimens the 
center deflection of the entire specimen was measured by 
the wire and scale method. 


Test Results 


The test results have more significance after an ex- 
amination of some of the typical fractured specimens. 
Figure 4 shows two single angle tests which were removed 
from the testing machine at approximately the ultimate 
load, but before the welds had completely fractured. 
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Fig. 2—Balanced Connections 
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Fig. 3—Unbalanced Connections 


These tests had been coated with whitewash so that the 
yielding would be visible in the photograph. A long 
and a short connection are shown to illustrate the effect 
of the length of the connection on the bending of the 
angle. The edge views illustrate the behavior of the 
angle due to its inherent eccentricity. The single angle 
tests are characterized by the rotation of the connection 
and the tendency for the center of,gravity of the angle 
to align itself with the tensile force. The shorter con- 
nection rotates more than the longer one and produces a 
sharper bend in the connected leg of the angle. The 
longer connection, however, has partially failed in the 
heel weld at the end of the angle. This is characteristic 
of connections where the weld extremity is relatively 
remote from the center of gravity of the weld group. 

Table 1 shows a summary of the results of the single 
angle tests. Three tests were made of each type of 
connection and the average of these tests is shown on 
the table. The second column shows line sketches of 
the welds which are detailed in Figs. 2 and 3. Since all 
the joints were designed at the same weld unit stress 
for the same load, the ultimate strength of each joint is 
an index of its efficiency. When the joints were made 
up entirely of '/,-in. fillet welds, the strength per inch 
of weld was computed and tabulated in the third column. 
The maximum average unit stress in the angles was 
computed from the ultimate load. The fractures de- 
scribed in the last column are the typical fractures of 
the joint and are the initial failure at the maximum 
load. Quite often when the initial failure occurred in 
the weld there was a secondary fracture through the 
angle. All fractures in the angles were at the edge of 
the grip plate except the specimens of joint No. 7 which 
fractured in the middle of the angle. Each specimen 
recorded as fracturing in the angle showed no sign of a 
fracture in the welds. 

The double angle test specimens behaved quite dif- 
ferently under load than the single angles. Figure 5 
shows a specimen which was taken from the testing 
machine after having been stressed to its ultimate load. 
This specimen had been entirely coated with whitewash 
and the small amount remaining indicates a large 
amount of stretching. The most significant feature of 
this type of test is the small amount of bending of the 
angle as compared to the single angle tests. The space 
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Fig. 4—Single Angle Tests, Connections Nos. 1 and 15 After Being 


Stressed to the Ultimate Load 


Fig. 5—Double Angle Test, Connection No. 3 After Being Stressed 


to the Ultimate Load 


between the backs of the angles is uniform from one 
grip plate to the other and the yielding of the outstand- 
ing leg of the angle extends farther back into the con- 
nection than in the single angle tests. These observa- 
tions indicate that the eccentricity of the angles was 
balanced at the connection so that the tensile load pro- 
duced no appreciable bending in the angles. The frac- 
tures of the double angle specimens were either in the 
angle at the end of the connection or in the heel welds. 
Table 2 shows the sumary of the results of these tests. 
Only joints without back welds could be used in these 
double angle tests and only one test was made of each 


Uitimate Strength Fracture 


Tota! | Weld | Angie Mea! Weld 


Lead 


Los | Cin Sq in 


a 


Test 


i 


Toe 


Toe Weld 


80,800' 8 290} 54.900 | Heel Weld tore from both ends 

78,200) 8.020} 53,200] Weld - sudden failure 

77,300 52,600] Angie toa 


76800 — 52,300] Toe - sudden failure 


71,300} 7,300 | 48,500} Angie - from both toes 
86,300 | 8.850 | 58.800] Both Welds sudden failure 
88,100 | 9,040 | 59.900] Angie-at middie 


ree! 


79,300 | 8.130 | 53,900] Hee! Weld- a tob 


77,000| 7.890 | 52.400] Angie - a to 4 
75,800) 7.780 | 51,700 Angle-dtoa 


74,000) 7,580 | 50300] Heel Weid- atob 


73,700 — 50.200] Nee! Weld- a tob 


71,200) 7,300 | 48,400] Heel Weld - a to b 


75,000 | 7.690 | 51,000] Mee! Weld - bteoa 


| | 83800] 8.590) 57.000] Angie - d to a 


Table 1—Results of Single Angle Tests 
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joint. The double angle tests are better than single 
angle tests for comparing balanced and unbalanced con- 
nections because the effect of bending normal to the 
plane of the welds is minimized. The results show that 
there is no advantage in strength of the balanced con- 
nections even when compared to the most unbalanced 
connection (No. 10). 

Comparison of the various welded connections is best 
shown in the chart, Fig. 6. The balanced and un- 
balanced connections are grouped with the strengths of 
the single angle tests arranged in descending order and 
the strengths of the corresponding double angle tests 
shown on the same ordinates. The chart is plotted on 
the basis of the maximum average unit stress developed 
in the angles, so that the single and double angle tests 
are comparable. This unit stress, however, is less than 
would be developed in the specimens which failed in 
the welds if the connections were designed at normal 
weld stresses. Little difference among the strengths of 
the double angle tests is apparent, while there is con- 
siderable spread in the strength of the single angle tests. 
In about one-third the specimens of both the double and 
the single angle tests the angles fractured despite the 
fact that the welds were designed to fail before the angles. 
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Table 2—-Results of Double Angle Tests 


These failures occurred at stresses below the strength 
given by the mill test reports, indicating that there is 
non-uniform stress distribution in the angles. This re- 
duction in the strength of the angles is more evident in 
single angle test specimens and confirms the common 
practice of restricting the effective area of single angles 
acting as tension members. The A. R. E. A. Specifica- 
tions for Steel Railway Bridges, for example, limit the 
effective area of the angles to the net area of the con- 
nected leg plus one-half the area of the outstanding leg. 
The large bending deformation of the single angle test 
specimens shows that the most important factor affect- 
ing the strength of single angle connections is their ec- 
centricity normal to the plane of the welds. This ob- 
servation led to the testing of connections with less ec- 
centricity which was obtained by flattening the ends of 
the angles. The two connections of this type (Nos. 6 
and 7) proved to be the strongest tested. A photo- 
graph of the better of these two joints is shown in Fig. 7. 
The eccentricity of this joint with the surface of the con- 
nection plates was only */j.-in. as compared to */,-in. 
for the common connections. The small amount of de- 
formation of this joint after testing, as shown in Fig. §, 
is similar to that of a lap-welded plate connection. 
The flattened portion of the angle has only one-fourth 
the resistance to bending that the normal angle section 
has and, therefore, produces a better stress distribution 
in the angle. This flattened type of angle connection 
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is frequently used for the angle lacing of crane booms, 
but it is generally too expensive for miscellaneous struc- 
tural uses. 

The measurements taken on the angles to determine 
their behavior with various end connections are plotted 
on Figs. 9, 10 and 11. The over-all deflection of the 
specimen, measured perpendicular to the grip plates, is 
shown in Fig. 9. The two tests shown represent the 
extremes in the types of connections—the balanced 
connection having the longest lap of the angle on the 

ip plate, and the all-around weld having the shortest 
lap of all the types investigated. The similarity of the 
two curves shows that the type of weld has little effect 
on the bending of the specimen. The straight portion 
of the curve represents the elastic bending of the angle, 
but when a portion of the angle starts yielding, the slope 
of the curve changes, as shown in the middle portion. 
The yielding takes place over a wide load range because 
of the bending stresses due to the eccentricity of the 
angle. When every portion of the angle has passed the 
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Fig. 6—Comparative Strength of Connections 


yield point, the center of gravity of the angle has lined 
up with the grip plate and the angle simply elongates 
with further load. The final deflection at 55 kips load, 
the end of the yielding range, was 1 in. This corre- 
sponds very well with the total eccentricity of the speci- 
men, *'/3. in., which is the limiting value for its ultimate 
deflection. Twisting of the specimen is probably re- 
sponsible for its apparent over-deflection at loads greater 
than 55 kips. 


Fig. 7—Flattened Angle Connection No. 7 Before Testing 
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Fig. 9—Lateral Deflection of Single Angles 


In order to study the action of different types of 
welds on the angle within its working load, a dial straight 
edge was used to measure the ordinate due to bending 
in the 20-in. center section of the angles. This instru- 
ment consisted of two fixed points 20 in. apart with a 
dial gage midway between them all mounted on a stiff 
back which held all three points in a line. The fixed 
points were held against flat spots on the angle, and the 
ordinate determined from the dial readings. The ordi- 
nate was measured on four gage lines, as shown on Fig. 
10, at various loads up to that which caused initial 
yielding in the angles. The deflection curves for three 
types of joints are shown in this figure and they indicate 
that the bending of the outside of the angle was convex 
in both directions. The bending normal to the plane 
of the welds was practically the same for all three types 
of welds, while bending in the plane of the welds was 
greater for the balanced connection than for the joints 
that had a greater proportion of welds along the toe. 

The distribution of stress at the middle of two single 
angle specimens was investigated at various loads up to 
their yield point by strain gage measurements made at 
the toes of the angles. No measurements were made at 
the heel of the angle, but since the major bending of the 
angle is normal to the plane of the connections, it is rea- 
sonable to assume that the connected leg has uniform 
stress. Both of the specimens had balanced arrange- 
ments of connecting welds and their stress distributions 
were practically identical. Figure 11 illustrates the 
behavior of one of the specimens and shows that there 


Fig. 8—Flattened Angle Connection No. 7 After Testing 
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is compressive stress in the outstanding leg of the angle 
at all loads up to and beyond the working load of 29.4 
kips which was assumed in designing the specimen. 
The curves of this figure also show that yielding in ten- 
sion starts in the connected leg of the angle at a load of 
about 35 kips. As this yielding progresses across the 
angle the compressive stress at the toe of the outstanding 
leg is reduced, changes to tension and finally reaches the 
tensile yield point when the load on the angle is about 55 
kips. This behavior compares very well with that indi- 
cated by the deflection curves shown in Fig. 9. It 
should be noted, however, that general elongation of 
the angle does not occur until the entire cross-section of 
the angle reaches the yield point stress. 

The behavior of single angle members at working 
loads shown by these measurements of deflection and 
stress is further evidence that the full cross-sectional area 
is not effective in resisting tensile loads. However, 
since only one size and length of angle were tested and 
the connections were designed at high weld stresses, it is 
not possible to reach any definite conclusion as to the 
actual effective area of angles. 


Conclusions 


The measurements summarized in Figs. 9, 10 and 11, 
which were made at working load on specimens which 
had only one leg of the angle connected, indicate that 
the arrangement of the welds in the connection of an 
at.gle tension member has little effect on its behavior at 
working loads. These measurements also show that 
the eccentricity normal to the plane of the welds, which 
is independent of any “‘balancing’”’ of the connecting 
welds, is the major factor in the behavior of the angle 
and that the stress in the angle is not uniformly dis- 
tributed over its cross section. The center of stress in 
the angle consequently does not coincide with the angle’s 
center of gravity. This condition is inconsistent with 
the theory underlying the design of balanced connec- 
tions which requires welds along the toe and heel of the 
angle proportioned so that their working strengths are 
balanced about the projection of the center of gravity of 
the angle on the connected leg. 

The ultimate strengths which are listed in Tables 1 
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Fig. 11—Stress at Center of a Single Angle Member 


and 2 and Fig. 6 indicate the relative efficiencies of 
various arrangements of connecting welds. They also 
show that certain weld arrangements engender local 
over-stress and cause failure in the angles even when the 
welds are designed at a stress 25% greater than normal 
working stress. The strengths developed by such con- 
nections (single angle tests 3, 5, 7, 9, 10, 15 and double 
angle tests 2, 3, 4, 5) are, therefore, the greatest which 
they can attain even with welds designed at ordinary 
stresses. The ultimate strengths recorded for speci- 
mens which failed in the welds, of Gourse, are less than 
will be attained by similar connections having welds 
designed at usual working stress. Detail consideration 
of the ultimate strength developed by various connec- 
tions shows: 

1. Connections such as 6 and 7 which have the end 
of the angle flattened to minimize the eccentricity nor- 
mal to the plane of the connection and permit balancing 
the welds about the center of stress in the angle are the 
strongest attainable. Such connections, however, are 
expensive for general structural use and are suitable 
only for single angle members. 

2. The strengths of the common type of connections 
which have only one leg of the angle connected show 
little difference between the balanced and unbalanced 
connections. The average strength of the single angle 
specimens which have balanced connections is 53,250 
psi. This is only slightly greater than the average 
strength for the corresponding specimen having unbal- 
anced connections which is 51,680 psi. There is practi- 
cally no difference, however, for the double angle speci- 
mens. Both the balanced connections and the unbal- 
anced connections developed an average ultimate 
strength of approximately 59,000 psi. The strongest 
single angle connection of this common type having 
only one leg connected was No. 15. This is an unbal- 
anced connection with transverse welds which protect 
both ends of the longitudinal welds from the tearing 
action that results from the eccentricity normal to the 
plane of the connection. 

The measurements made at working loads and the 
ultimate strengths of the specimens tested both show 
that the eccentricity normal to the plane of the welds of 
the common type of connection for an angle tension 
member has a major effect on its strength. They also 
show that unbalanced arrangements of the welds are as 
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capable of developing the working stress and ultimate 
strength of the angle as are balanced connections. The 
conventional theory that the working strengths of the 
welds connecting an angle member must be balanced 


about the projection of the center of gravity of the angle 
on the connected leg is, therefore, not essential to the 
design of adequate connections for angle tension mem- 
bers. 


A Proposed Fundamental Research 
Program in Welding 


Editorial Note 


HERE are given below two programs carefully 
planned which are entitled (1) “Establishing Op- 


timum Welding Procedures” and (2) ‘A Study of 
Residual Stresses.”’ 


(1) The purpose of the first investigation is to 
establish through experimental research for one or more 
steels the following factors: (a) For any given thickness, 
the welding conditions which give the desired ductility, 
freedom from cracks and reasonable low residual stress 
gradients to avoid cracking under stresses up to the ulti- 
mate strength of the material. For alloy steels welding 
conditions will need to fill the above requirements and in 
addition produce welds which are free from undesirable 
metallurgical structures. 

(b) For several plate temperatures the welding pro- 
cedures which will satisfy the conditions outlined in item 
(a) above must be determined. 

(c) The necessity and extent of preheating must be 
established. Also, the effectiveness of other expedients, 
such as preheating locally where welding is to start, must 
be ascertained. 


Welding procedure will be specified in simple terms, 
such as size of electrode, current, voltage and speed of 
welding for each different material, plate thickness and 
surrounding temperature. Data will be obtained in such 
a basic manner as to enable interpolation for different 
thicknesses and surrounding temperatures. Relation- 
ships between welding conditions will be established so 
that if one is fixed, the others may be properly specified. 
For example, if the size of electrode were fixed, the cor- 
rect current, voltage and rate of travel would be in- 
dicated. Even if the type of steel were changed, only a 
minimum of additional experimentation would be needed. 


Program of Research (1) 


1. Weld a steel of a certain thickness and initial tem- 
perature, varying current, voltage and travel speed. 
Measure the cooling curves associated with each of these 
conditions. 

2. Determine by a series of tests on the above welds, 
the welding procedure which will economically produce 
satisfactory welds. The cooling curve as existed with 
this procedure will be used in applying the results of this 
work to other thicknesses and temperatures, and to dif- 
ferent steels. 

3. Repeat for several thicknesses and plate tempera- 
tures. 

4. Set up a mathematical relationship between cur- 
rent voltage, travel speed, plate thickness and plate 
temperatures. 

5. Obtain isothermal transformation diagrams for this 
and any other steel for which it is desired to know the 
proper welding conditions. 


6. Superimpose the cooling curve associated with 
optimum welding conditions for the first steel on its iso- 
thermal transformation diagram. Determine by in- 
spection the proper cooling curve for the second steel. 
This will enable the establishment of proper welding 
conditions for the second steel. 

7. For any other steel of about the same class, any 
given set of welding conditions should result in the same 
cooling curve, since the thermal characteristics are ap- 
proximately the same. This procedure for handling a 
second steel should be checked experimentally in one or 
two cases. 

The results of this program will tie up in a rational 
manner the variables governing weldability of steels. 
It will indicate optimum welding procedures to be fol- 
lowed in the welding of high-strength alloy steels such as 
used in ordnance, ships, pressure vessels, piping and the 
like. This rational approach will cut the cost of experi- 
mentation to a minimum and indicate quantitatively 
economical and safe procedures. , 


The Effect of Residual Stresses (2) 


In the second program there has been perfected the 
technique of using a relatively new tool, the X-ray Dif- 
fraction Method for determining exactly what happens 
to residual stresses under service conditions. This 
knowledge will result in a better control of these residual 
stresses to meet particular needs of a given service condi- 
tion. 

The combined cost of these two programs is $14,500 a 
year for two years. Three universities are involved, 
namely, Lehigh University, Rensselaer Polytechnic In- 
stitute and Massachusetts Institute of Technology. The 
program could be accelerated or expanded by additional 
funds. It is essential that this work be started at once. 

Preliminary experiments have been carried on for a 
period of more than a year. The Fundamental Research 
Division believes that it has developed technique and 
procedures to the extent that success is reasonably as- 
sured. This program is being published (a) to secure 
comments and suggestions, and ()) to secure the needed 
financial help. 

Additional supplementary investigations will be under- 
taken if funds become available. This supplementary 
work will probably be carried out at the University of 
Illinois. More than one-half of the funds needed have 
been secured. Contributions are desired in sums of $250 
upward. Checks should be sent to the Welding Research 
Committee, 29 West 39th Street, New York, N. Y. 


C. A. Apams, Chairman 
Welding Research Committee 

H. C. BOARDMAN, Chairman 
Fundamental Research Division 

W. SPRARAGEN, Executive Secretary 
Welding Research Committee 
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(1) Establishing (Optimum 
Welding Procedures) 


Problem: li we assume a weld between two plates 
made with appropriate electrodes, technique and skill, 
and meeting all ordinary requirements as to penetration, 
slag inclusions and porosity, there is still one danger which 
is in some cases serious, namely, what is sometimes called 
martensitic structure accompanied by cracking, or cracks, 
which occur during the cooling of the weld zone. 

This danger which does not arise to any appreciable 
degree in the welding of mild steel, may be described 
briefly as follows: 

1. For each variety of steel, with particular reference 
to its carbon content, there is a critical rate of cooling 
above which the resulting microstructure is brittle or 
martensitic. This critical rate of cooling decreases as the 
carbon, and to a lesser extent the manganese, content in- 
creases. In fact, for a low-carbon steel, it is well above 
the rate which occurs in connection with any normal 
weld. However, when the carbon-manganese content 
exceeds a certain point, the cooling rate connected with 
ordinary welding technique will exceed this critical value 
and be accompanied by serious danger of martensitic 
structure and cracking. 

2. It also happens that the higher the rate of cooling, 
other things being equal, the greater will be the residual 
stress gradients. In other words, the same condition 
which encourages the brittle martensitic structure also 
gives rise to greater stresses and thus to a doubly in- 
creased danger of cracking. 

Unfortunately, our knowledge of the critical rates of 
cooling for the numerous varieties of steel is exceedingly 
vague, both from the microstructural point of view, as 
well as from that of residual stresses. Moreover, even if 
these critical rates were more thoroughly known, our 
ability to predict the rate of cooling in any particular 
case of a given material, a given geometry, and a given 
welding technique, has never been developed except for 
one special case. In other words, in order to be able to 
specify a technique for a particular material and job 
which will avoid this danger, we must have a greatly in- 
creased rationalized knowledge of the phenomenon in- 
volved. 

The research here proposed is aimed at the obtaining 
of this knowledge. This cannot be obtained by the 
empirical method, since the number of experiments in- 
volved would be practically infinite. It can be obtained 
only by a systematic, fundamental and rational attack 
which must consist of two parts: 

(A) A very considerable extension of our present 
meager knowledge as to the relationship between the re- 
sulting microstructure and the rate of cooling covering 
the whole range of steels now used for welded fabrication. 
Even here the rational attack is possible, although it must 
be accompanied by more accurate measurements of the 
rate of cooling than are customary in metallurgical re- 
search. This part of the problem covers a much broader 
field than the welding industry and is under way in a 
number of places. 

(B) A theoretical and experimental! research connect- 
ing the quantitative rate of cooling with the several vari- 
ables upon which it depends. Some of these are: the 
specific heat and thermal conductivity of the metal in- 
volved; the geometry of the problem; the surface heat 
dissipation, both by convection and radiation; the ini- 
tial temperature of the plate and finally, the rate and 
manner of application of the heat. From the theoretical 
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point of view this problem is exceedingly complicated, 
Nevertheless, it can be attacked rationally with the aid 
of careful experiments to determine coefficients and /or 
exponents to be employed in the rational formulas and 
covering some of the incalculable parts of the problem. 

Note: The proof that the proposed research is not 
just idle theory is indicated by the fact that such a soly- 
tion has been made by W. A. Bruce and H. L. Hodell of 
the Carter Oil Company of Tulsa, Okla., for a specific 
case of welding oil well casing. They have proved that 
by the use of the appropriate two-dimensional develop- 
ment of the Fourier equation they can predict the rate 
of cooling in the weld metal to within 5% of experiment- 
ally determined rates, and have thus been enabled to pre- 
dict how long a welded casing must be held in air before 
it may be subjected to the quenching action of the drill- 
ing fluid, in order that its hardness will not exceed a given 
critical value which results in the failure of casing welds. 
They can also predict the effect of weather conditions on 
the cooling rate and, if necessary, what steps must be 
made to overcome them. This formula is in daily appli- 
cation at the Carter Oil Company’s fields and has made 
possible the economic joining of oil well casing by weld- 
ing. 

This is one of the most important problems in the 
welding field today and its solution will extend the range 
of application of welding to those many new fields where 
it is now a gamble, or where the width of the no-man’s 
land of ignorance is so great as to make necessary a factor 
of safety beyond all reason, and, in most cases, unduly ex- 
pensive. 


Proposed Program Establishing Optimum Welding 
Procedures—-Lehigh University and Rensselaer 
Polytechnic Institute 


Introduction 


The principal object of the proposed investigation is 
to simplify the application of arc welding to steels which 
are sensitive to cooling rates associated with welding. 

It is proposed to attain the above object: 


First, by establishing a quantitative relation between 
welding conditions and cooling rates. 

Second, by correlating cooling rates with weld proper- 
ties. 

And, finally, by showing how to use metallurgical in- 
formation, such as transformation diagrams, to pre- 
dict satisfactory welding conditions. 


Two investigational methods have been proposed for 
undertaking the problem. One method involves direct 
measurement of rates of cooling. Preliminary work on 
this method has been carried out at Lehigh University 
and at Rensselaer Polytechnic Institute, also in Bel- 
gium. Mathematical equations have been developed. 

The second method involves a scheme for evaluating 
weld quench effect. 

The scheme uses the rate of cooling as its base, but in 
no step thereof is it necessary to directly measure the 
rate of cooling. It further follows the thought that ducti- 
lity of a metal adjacent to the final weld is a function of 
the steel used and the rate of cooling, and that for a given 
steel the rate of cooling may be indirectly measured by 
the resulting hardness. Further, this rate of cooling may 
be related to that at the center of a drastically quenched 
bar, the diameter of the bar then being another indirect 
measure of the rate of cooling. By combining these in- 
direct measures the bar diameter becomes a measure of 
the rate of cooling. By applying the principles to a new 
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steel, namely, drastically quenching a bar of specified 
diameter, determining the center hardness, using that as 
an index to prepare a bend specimen, and testing that 
bend specimen, a measure of ductility of the weld to be 
made of the new steel is achieved. 

This scheme divides the weldability problem into two 
parts: one, welding and service, and, two, steel response 
and properties. In this way the innumerable combina- 
tions and permutations which would be involved in test- 
ing every steel and every weld application are reduced 
to a relatively few, and a test procedure suitable for rou- 
tine application and for use with specifications results. 

This method was developed by Dr. A. B. Kinzel, of 
the Union Carbide and Carbon Research Laboratories. 


Outline of Procedure 


1. Collect information available as to the effect of 
rates of cooling on structure and physical properties of 
steels which are desirable for welding. This work is to 
be done at Lehigh University. 

2. Collect and transform S-curve information into 
constant cooling rate diagrams as suggested by Grange 
and Kiefer. This work is to be done at Lehigh Univer- 
sity. 

3. Select desirable form in which further information 
should be sought from steel producers concerning such 
of their steels as are desirable for welded structures, and 
for which no cooling rate information is available. This 
selection to be worked out by Lehigh University and 
Rensselaer Polytechnic Institute in collaboration. 

4. Set up in mathematical form the heat flow prob- 
lem as a guide to the importance of various factors in 
determining the cooling rate for different welding condi- 
tions. Lehigh University to proceed on basis of Mahla’s 
work, and Rensselaer Polytechnic Institute to make use 
of Dr. Rosenthal’s work. 

5. Measure the cooling rates produced by various 
conditions of welding. Rensselaer Polytechnic Institute 
to make direct thermal measurements on welds as they 
are made, by means of the special high-speed tempera- 
ture measurement equipment, and using SAE 1040 steel 
as the base metal. Lehigh University to evaluate cooling 
rates by application of hardness data measured on the 
weld and on quenched equivalent cylinders, according to 
the method of Grossmann. Cooling rates at the center 
of the cylinders will be measured by equipment similar 
to that of Rensselaer Polytechnic Institute. Steels to be 
used are SAE 1020, SAE 1040 and shipbuilding steel (to 
be later specified). 

6. Fit observed (R.P.I.) or evaluated (Lehigh) cool- 
ing rates to the mathematical form. Rensselaer Poly- 
technic Institute and Lehigh University should exchange 
data, and at this point ought to be able to compare the 
cooling rate data obtained by the two techniques on 
SAE 1040 steel under nearly identical welding condi- 
tions. 

7. Predict cooling rate mathematically for another 
thickness of a different steel under specified welding con- 
ditions. If mathematical forms arrived at by Rens- 
selaer Polytechnic Institute and Lehigh University are 
different, each is to make a prediction of cooling on a 
steel which is different from either of those which Lehigh 
and R.P.I. have worked on in connection with item 5. 

8. Test experimentally by measuring cooling rate for 
same specified welding conditions as used in item 7. This 
work is to be done at Rensselaer Polytechnic Institute. 

9. Compare hardness in affected zone adjacent to 
last pass with hardness predicted from cooling rate and 
available data for steel under consideration. This work 
is to be done at Lehigh University. 
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10. Determine welding conditions giving satisfac- 
tory welds in one or two steels in various thicknesses. 
Satisfactoriness to be determined by series of weldability 
tests. This work is to be done at Rensselaer Polytechnic 
Institute. 

11. Relate the cooling rates measured and calculated, 
with the fundamental metallurgical information con- 
cerning the steel, in the effort to show ways and means of 
extrapolating and interpolating the results to other steels 
and welding conditions. Lehigh University and Rens- 
selaer Polytechnic Institute will exchange data and seek 
solution by collaboration. 

12. Determine future course of action from results of 
items 1-10. This work is to be done at Lehigh Univer- 
sity and Rensselaer Polytechnic Institute in conference 
with Fundamental Research Division. 


It is to be emphasized that close collaboration is to be 
maintained between Lehigh University and Rensselaer 
Polytechnic Institute throughout the course of the 
investigation. 

A two-year program is considered necessary. 


Annual Budget at Each Institution 


Salary 

Half-Time Assistant 

Machining and Mechanical Assistance 

For Maintenance, Depreciation and 
General Expense 

Supplies 

Travel 

Contingencies 


It is understood that steel for this work is to be con- 
tributed outside the above budget. The institutions will 
contribute supervision and clerical assistance. 


(2) The Influence of Working 
Stresses on the Residual 


Stresses Created by Welding 


Outline of Proposed Research at Massachusetts 
Institute of Technology 


Purpose 


The present knowledge of the effects of working stresses 
on residual stresses is in a very contradictory condition, 
largely because of the unsatisfactory methods which 
have been employed. The purpose of the proposed in- 
vestigation is to make a basic experimental study of the 
problem by the use of more suitable techniques. Be- 
cause of the many factors involved in the general prob- 
lem, the investigation is planned to separate these factors 
as far as possible and study them individually. In this 
way the field of residual stresses can be covered progres- 
sively and systematically. 


Technique 


The X-ray diffraction method will be the principal 


tool used for measuring the residual stresses. This 
method has proved to be entirely reliable when used under 
proper conditions and is particularly suited for the pres- 
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ent problem. It is a non-destructive method and can be 
used to measure surface stresses in any desired direction 
on a spot not over '/s in. in diameter. The results are 
reproducible to certainly less than +5000 psi. This 
technique has been thoroughly tested under the exact 
conditions which will be encountered in the present in- 
vestigation. 

A simple method of creating residual stresses has been 
devised which involves a method of controlled local 
heating and cooling. In this way several types of stress 
systems can be set up which are regular and reproducible. 
Actual welding with its more complex stress systems will 
also be used. 

The specimens will be in the form of flat bars of steel 
and after the residual stress system has been established 
at the center, the working stresses will be applied by 
tension or by bending. Steady loads, or slow, or rapid 
repetitions can be employed. 


Plan of Investigation 


The experiments will be carried out in such a way as 
to develop logically the following aspects of the problem: 


Influence of simple tensile working stresses, both 
below and above the yield point upon various 
states of residual stress. 

2. Influence of repeated loading under the same condi- 

tions. 

3. Influence of the mechanical properties of the base 
metal upon residual stresses. 

4. Influence of the mechanical properties of the weld 
metal when they are different from those of base 
metal. 

5. Mutual influence of several local areas of residual 
stress, such as in the case of spot welding. 

6. Influence of geometrical factors such as reinforce- 

ment of weld metal and possible notch effect, 

particularly with repeated working stresses. 


Cost of Research 


The estimated expenses of the research, which will be 
carried out by one research associate from October 1, 
1941, to September 30, 1942, will be as follows: 


Salary of Research Associate $2000 
Expenses 500 


Heat Flow in Arc 
Welding 


APPENDIX 


By E. M. Mahla,t M. C. Rowland,t C. A. Shookt 
and G. E. Doant 


N_ interesting relationship between continuous 
cooling transformation diagrams and the meas- 


ured cooling rates can be drawn. An idealized 
continuous cooling transformation diagram for 0.8 car- 
bon steel is shown in Fig. 1.28 Curves A, B, C, Dand E 
represent constant cooling rates plotted on a logarithmic 
scale. The finely shaded area at the top center of the 
figure represents the time and temperatures at which 
austenite transforms to pearlite, the lower the tempera- 
ture at which it forms, the finer the pearlite. It can be 
seen from this diagram that steels cooled at rates indi- 
cated by curves A, B and C will be completely trans- 
formed to pearlite, and will exhibit no objectionable struc- 
ture. Any cooling rate faster than C and not as fast 
as D will result in part of the austenite being retained 
until a temperature of about 400° F. is reached before 
it transforms. The coarsely shaded area indicates 
that any remaining austenite transforms to martensite, 
for on continuous constant cooling, no intermediate 
transformation products are found such as are exhibited 
in conventional isothermal diagrams. However, in 
welds, cooling takes place at a diminishing rate, so that 
rather than the curves dropping abruptly as do those 
indicated in Fig. 1, actual curves would bend toward the 
right in the direction of longer times. Thus there could 
conceivably be opportunity for some of the lower tem- 


* Paper published in October 1941 issue, page 459. The material given 
herewith is intended to be an appendix to this article. 
tT Lehigh University, Bethlehem, Pa. 
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perature, intermediate, acicular transformation prod- 
ucts, obtained in the isothermal transformation of aus- 
tenite, to form. 

The temperature of most rapid transformation on con- 


tinuous cooling is about 100° lower than that for iso- 
thermal transformation, and the time for transformation 
to begin on continuous cooling is about 50% greater than 
for isothermal transformation for specimens exhibiting 
the same grain size. Further, it has been shown™: *® *5.* 
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that coarse-grained austenite is more sluggish to trans- 
formation than is fine-grained austenite for which these 
diagrams were determined. The further increase in time 
necessary for initial transformation due to the large 
grain size established in the overheated zone in a weld, 
has been estimated to introduce an increase in time over 
isothermal transformation of twice that already estab- 
lished.** The total increase in time for initial transfor- 
mation to take place in the coarse-grained austenite of a 
weld zone is thus estimated to be 2 X 1.5, or 3 times that 
necessary for fine-grained austenite, transforming iso- 
thermally. 


Using these approximation methods, Aborn**® has es- 
timated from isothermal diagrams that a maximum ac- 
ceptable cooling rate (corresponding to curve C in Fig. 1) 
for S.A.E. 1030 steel is about 77° F. per second, and for a 
S.A.E. 1050 steel it is about 60° F. per second through 
the critical temperature range. Since the measured 
cooling rate in the */,-in. plate averaged about 85° F. per 
second through the critical range, martensite would be 
expected and was found in the */,-in. plate of S.A.E. 1035 
steel. The higher cooling rates measured in thicker 
plates, of course, were sufficient to cause martensite to 
form. Some martensite was found in the */s-in. plate 
for S.A.E. 1050 steel. The cooling curve for the number 1 
position in the */s-in. plate is shown in Fig. 2. The av- 
erage measured cooling rate in the critical range was 
56° F. per second, and the estimated critical cooling 
rate was 62° F. per second. On this basis no martensite 
should have been found in the */s-in. plate. However 
since the measured cooling rate was not the maximum 
rate encountered due to the fact that the couple was not 
as close to the fusion line as it might have been, it seems 
reasonable to assume that the maximum rate could easily 
have exceeded the estimated critical rate enough to 
produce the small amount of martensite actually en- 
countered there. 

It thus appears possible to predict the structures from 
a given cooling rate in welds, and if the cooling rate of a 
weld could be calculated prior to welding, a great degree 
of control of weld structures and properties could be 
attained. 


Plug Weld Test 


By W. E. Riley' 


e purpose of this test was to find the effects of dif- 
ferent welding procedures and to determine the 
procedure which would be the most practical for 

making plug welds. 

Base metal was A. S. T. M.-A10 steel plate °/i6 in. in 
thickness, the diameter of the holes 1'/j in. welded in 
the flat position. As shown in Fig. 1, each test specimen 
consisted of a plate plug welded on both sides of the pull 
plates. Each of the four plug welds in a given specimen 
was welded in the same manner. The holes for the plug 
welds in each of the ten test specimens were punched. 
The die side of the holes was on the outside, while the 
punch side of the holes was in contact with the pull plate. 
All welds were made by the same operator using elec- 


° Contribution to the Welding Research Committee. 
t Welding Engineer, Pittsburgh Des Moines Steel Company. 
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Fig. 1 Test Specimen 


Pur. 


trodes conforming with the AMERICAN WELDING So- 
ciety and the American Society for Testing Materials 
Tentative Specifications for Iron and Steel Arc Welding 
Electrodes, Classification No. E6010. All specimens 
were tested to failure in a tension machine and the ulti- 
mate strength of the plug, in shear, recorded by taking 
the load at which the specimen failed and dividing it by 
two, to obtain the strength of one plug weld. While 
one specimen for each type of plug would not give a true 
average result, the test did give a comparison between the 
different procedures. 


Procedure 


The first specimen had the plugs welded as shown in 
Fig. 2 with the first bead of 5/3-in. electrode around the 
edge of the hole, and the remainder of the plug welded 
with '/,-in. electrode. The first bead was not cleaned 
of slag. The '/,-in. electrode was welded along a spiral 
path to the center of the plug after it had fused to the 
previously deposited bead. Table 1 gives the ultimate 
strength of this type of plug and the actual welding 
time required to make the plug in seconds. 

Figure 3 illustrates the procedure in the second test 
specimen. Each plug here was completely filled with 
'/,-in. electrode by first fusing a bead to the sides of the 
hole and bottom, and then weaving along a spiral path 
to the center of the plug. Table 1 gives the strength of 
this plug and the welding time required. 
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NUVBER WELDING 
OF TIME IN 
SPECIMEN SECONDS 


PER PLUG 


ULTIMATE 
STRENGTH 
OF PLUG-LBS. 


ELectRooE 7 2 
 Siieeecagleaaan 4 60 43,150 4 
5 45 35,900 6 
/ V 

6 43 42,100 7 
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44 , 300 


The third specimen, a partially filled plug, was made 
entirely by 7/-in. electrode. Due to a column of slag 
building up in the center of the plugs of the first two 
specimens, the first bead was deposited as a hump in the 
center of the plug, the second bead fused to the sides of 
the hole and bottom, and also to the previously deposited 
hump as shown in Fig. 4. 


The fourth specimen was a fillet welded plug made with 


TABLE | 


d 
/32 EvectTrove 


7/s-in. electrode resulting in a center opening '/s in. in 
diameter. By using a °/3:-in. electrode, a °/1-in. fillet 
weld was secured since the filler metal did not deposit as 


fast. Figure 5 illustrates the fourth specimen, and Fig. 
6 shows the procedure for the fifth specimen. 

Test specimen No. 6 had its four plugs welded with 
*/s-in. electrode in accordance with Fig. 7, which was 
the same procedure as in Fig. 4, except that an additional 
hump marked 3 was added. It will be noted that the 


bead around the edge of the hole did not extend to the top 
of the hole as in Fig. 4. 

In test specimen No. 8, Fig. 7, four passes of 7/39-in. 
electrode were used. Passes numbered 1 and 3 were de- 
posited as humps in the center of the hole, while passes 
2 and 4 were fused to the hump in the center of plug and 
the sides of the hole. 


Specimen No. 8, welded in accordance with Fig. 9, 
was of the filled type using the filler metal of */3:-in. 
electrode. In the plugs of this specimen, the arc was 
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first carried around the edge of the hole and then woven 
along a spiral path to the center of the plug. 


The ninth specimen, Fig. 10, was welded by first de- 
positing a bead of °/s:-in. electrode around the edge of the 
hole, removing the slag, and then fusing the filler metal 
from a '/,-in. electrode to the first pass and weaving 
along a spiral path to the center. It is the same as speci- 
men No. 1 except that the slag of the first pass was 
cleaned. 


The tenth specimen, Fig. 11, was also a filled type made 
54-s 
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entirely with * ‘je-in. electrode. The procedure of weld- 


ing was exactly the same as for specimen No. 2 except 
that the current was reduced. 
Results 
The results of the test are tabulated in Table |. Speci- 


mens Nos. 2, 8 and 10 have a maximum variation of ulti- 
mate plug strength of only 1700 Ib., or less than 4%, but 
a maximum difference of welding time of 25 seconds or 


Cleaning the slag of the first bead in specimen No. 9 


Introduction 


T IS generally accepted as axiomatic that any steel 
is weldable under suitable conditions of welding for 
any particular steel. However, in order to anticipate 

the different behaviors of steels of varied chemical 
composition outside of the limits of easy weldability, 
it is usually necessary to modify the normal procedure 
of welding. The changes that are made may be in the 
speed of welding, size of the electrode, use of pre-heat 
or post-heat or the entire method of welding may be 
changed. The atomic hydrogen flame or the oxy- 
acetylene torch may be substituted for the metallic arc 
for the purpose of elimination of the undesirable proper- 
ties which the joint may have if cracking occurs in the 
heat-affected zone. 

The classification of steels as to their weldability with 
the d.-c. heavily coated electrode was the original purpose 
in establishing a weld quench test procedure as described 
in the publication, Trans. A. S. T. M., 38, Part 11 
(1937).! 

It was found that, in general, steels of certain chemical 
composition which hardened to a considerable extent 
adjacent to the weld in the single bead welds on flat 
plates '/, in. thick did not have as high an impact value 
after the weld quench heat treatment as the steels that 
were only slightly hardened in the single bead welds. 
Subsequent weld quench tests made by other investi- 
gators.*»* have, with few exceptions, shown the trend 
of increase in hardness accompanying decreasing weld 
quench values. 

This present study was started in order to advance 
the application of the weld quench test for classifying 
the weldability of steels of varied chemical composition. 
The weld quench test established as previously reported! 
was based on the microstructure of the heat-affected 
zone of single bead welds, made with a d.-c. heavily 
coated electrode, reverse polarity, operating at 180-190 
amp. at 25 to 27 volts, and at a speed of 6 inches a 
minute. The weld quench procedure wherein a half 
size Charpy bar was heated to 2460° F. in 90 seconds, 
and then quenched in salt baths for 18 seconds at 530° C. 

* Presented at the Annual Meeting, A. W. S., Philadelphia, Pa., Oct. 
20 to 24, 1941. Contribution to Fundamental Research Division. 

+t Research Assistant Professor of Metallurgical Engineering, University 
of illinois, Urbana, II. 

! Bruckner, W. H., ‘‘The Use of the Charpy Test as a Method of Evaluating 
Toughness Adjacent to Welds,”” Proc. A. S T. M., 38, Part 11, 71-97 (1937). 

* Jackson, C. E., and Luther, G. G., ‘A Comparison of Tests for Weldability 
of Twenty Low Carbon Steels,” Taz Wetpinc Journat, 19 (10), Research 
Suppl., 351-s to 364-s (1940). 


* Harter, I., Hodge, J. C., and Shoessow, G. J., “The Value of Electric Arc 
Welding in Design and Its Limitations,” Jbid., 18, 528 (1939). 


increased the strength of the plug from 42,800 Ib. to 
44,250 or 3%, but also increased the arc time from 77 
seconds to 87 seconds per plug or 13%. 


The Weldability of Steels 


By Walter H. Bruckner’ 


Specimens Nos. 3, 6 and 7 show that this type of weld- 


ing, namely, depositing a hump of weld metal in the 
center of the plug, makes it a little difficult to get good 
penetration around the edge and bottom of the hole. 


Specimen No. 8 had an ultimate strength of 3150 lb. more 
than specimen No. 7 which was made by the same elec- 
trode. 

The test shows the economy of plugs with a single fillet 
weld leaving the center unfilled. 


No Cc Mn Si Ni Cu Cr Mo Vv P Ss 
1 0.09 0.55 0.20 1.97 1.00 0.008 0.021 
2 0.13 0.63 0.15 2.03 1.00 0.011 0.023 
3 60.16 0.37 0.16 1.98 0.96 0.010 0.025 
4 0.20 0.73 0.16 1.91 0.96 0.017 0.021 
5 0.12 0.39 1.87 1.02 0.016 0.030 
6 0.19 0.71 1.80 0.97 0.015 0.024 
7 0.20 0.69 0.26 2.23 0.10 0.018 0.022 
8 0.30 0.55 3.34 ‘ ; 0.018 0.022 
9 0.14 1.16 0.24 0.12 0.18 a 0.10 0.019 0.029 
10 0.20 1.35 0.27 0.14 0.13 0.45 wh 0.025 0.020 
11 0.20 0.90 0.23 0.10 0.15 ‘ 0.47 0.022 0.016 
12 0.13 1.20 0.62 0.07 0.12 0.45 2 0.018 0.027 
13 0.10 0.79 0.4 0.28 0.58 0.58 0.095 0.026 
14 0.10 0.66 0.05 23 «1.10 ve 0.12 0.008 0.026 
15 0.33 0.74 0.30 ; 0.26 - 0.020 0.040 


(986° F.), and 24 seconds at 310° C. (590° F.) gave a 
fair reproduction of the maximum hardness, grain size 
and microstructure as was found adjacent to the single- 
bead welds. For the present study, a different type of 
electrode was employed for the single bead welds than 
had previously been used, therefore the quench test 
based on the microstructure and hardness of the heat- 
affected zone was necessarily different from that pre- 
viously established. 


Materials 


The chemical compositions of a series of steels for 
which data are reported are given in Table 1. With the 
exception of Number 15, all of the analyses indicate 
that the steels are of low-alloy, high-tensile type, with 
a range in carbon content from 0.09 to 0.30%. Plates 
of these steels in varied thicknesses were supplied with- 
out cost by Bethlehem Steel Company, Carnegie-IIlinois 
Steel Company, Lukens Steel Company, Republic Steel 
Company and Youngstown Sheet and Tube Company. 


Methods 


Single bead welds were made on 3 x 6 x '/2 inch thick 
plates of the steels in Table 1. A weld bead 6 inches 
long was deposited in the center of the surfaced plate 
of each steel with a straight polarity, heavily coated, 
d.-c. electrode at 180-200 amp., 30 volts, and at a speed 
of 6 inches per minute. 

Sections were taken from the center of the welded 
plates transverse to the weld, and a survey was made 
of the maximum hardness of the heat-affected zone and 
the microstructure. During the single bead welding 
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Table 2—Test Data on Single Bead Welds and Weld Quench 


Specimens 


ax. 
Max. Hard- 


Hard- ness PerCent ——-———Impact————— 

Un- ness Weld of Single Per Cent 
affected Single Quench Bead of 

Base Bead Speci- Hard- As Weld Original 

Speci- Metal Weld men ness Received Quench Impact 
men 1 2 3 4 5 6 7 
1 166 230 215 94 21.7 22.2 102 
2 178 231 228 99 21.8 21.4 98 
3 171 266 246 93 21.6 18.7 87 
4 210 290 289 100 11.5 11.0 96 
7 167 260 243 94 16.8 13.9 83 
9 180 233 224 96 19.9 19.1 96 
10 248 339 266 79 13.3 18.8 141 
ll 168 250 240 96 19.1 22.3 117 
12 182 252 235 93 9.5 11.3 119 
13 189 254 250 98 15.5 12.1 78 
14 177 240 207 86 16.2 15.0 93 
15 169 248 231 93 18.9 14.3 76 


of the plates, a high-speed recorder was employed to 
record the thermal cvcle undergone by the base metal 
adjacent to the weld, as indicated by a No. 40 B. & S. 
gage Pt and Pt-Rh thermocouple supplied with a two- 
hole insulator, and placed into a hole drilled to the 
desired depth. The same high-speed recorder was 
employed to record the thermal cycle of a half size 
Charpy bar during furnace and quenching treatment, to 
simulate the heat treatment of the heat-affected zone 
adjacent to the weld. , 
It was found that a fair reproduction of the micro- 
structure and hardness of the heat-affected zone of the 


single bead welds could be attained by the following 
procedure: 


Heat to 2460° F. in 90 seconds. 
Quench in salt bath at 1030° F. for 18 seconds. 


Quench in salt bath at 752° F. for 24 seconds. 
Air cool. 


The half size Charpy bars prepared in this manner were 
surface ground to a final size of 0.197 x 0.394 x 2.0 inches, 
provided with a keyhole notch, and broken in impact. 
Further tests were made on steels 5, 6 and 8 of Table 
1, which represented an interesting range of maximum 
hardness in the single bead welds. These three steels 
were used to obtain the Bain S curves for temperatures 
between 1200° and 500° F., as quenched from a normal 
heat-treating temperature of 1600° F. The curves 
were also obtained for specimens heated just to 2460° F., 
cooled to 1600° F., and quenched from the latter tem- 
perature. The specimens were partly of the usual size 
for dilation studies, and smaller specimens for micro- 
graphic studies. They were quenched in a pot con- 
taining either lead or lead bismuth alloy. The data for 
the curves were derived from dilation-time plots, micro- 
graphic studies and hardness tests. Due to the diffi- 


Table 3—Comparison of Hardness Bead Bend Test and Re- 
action Rates of Steels 5, 6 and 8 


Steel 5 Steel 6 Steel 8 


Single bead max. hardness 202 313 355 
Bend angle of bead bend test 180° 66° 23° 
1600° F. Quench 


Nose of S curve 


Temp. 1000° F. 1020° F. 970° F. 


Time to start 0.3 sec. 0.6 sec. 0.5 sec. 
2460-1600° F. Quench 
Nose of S curves 
Temp. 1000° F. 1020° F. 970° F. 
Time to start 1.0 sec. 2.1 sec. 2.1 sec. 
Time to complete reaction 
at nose 
1600° F. q. 2.8 sec. 17 sec. 15 sec. 
2400-1600° F. q. 18.0 sec. 80 sec. 70 sec. 
Intercept of weld cycle with 
start of reaction curve ° 
Temp. 1160° F. 1150° F 1140° F. 
Time 10 sec. 12 sec. 16 sec. 
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Fig. 2—Curves of Austenitic Decomposition at Constant Sub-Critical 
Temperature 


culties encountered in this work, especially in the high- 
temperature studies, no great accuracy is claimed for 
the curves. The technique required and the equipment 
necessary for similar data of higher precision are, how- 
ever, well in mind for future studies. 

Bead-bend tests were made on steels 5, 6 and 8 in the 
manner described by Harter, Hodge and Schoessow* 
except that the single bead welds were made with the 
same type of electrode, and under the same welding 
conditions as for the hardenability studies. 


Data Obtained 


The hardness test data for the as-received base metal, 
the maximum hardness of the heat-affected zone of the 
single bead welds, and the average hardness of the weld 
quench specimens are given in Table 2. The Charpy 
impact values of the half size bars of the steels in the 
as-received condition, and for the weld quench heat 
treatment, are also given in Table 2, except for the weld 
quench data on steels 5, 6 and 8, which have not yet 
been obtained. The two columns in Table 2, giving the 
per cent attainment in the weld quench test of the 
maximum hardness of the heat-affected zone of the single 
bead welds, and the percentage of the as-received impact 
retained by the weld quench specimens are of interest. 

The data on the bend angle obtained in the bead bend 
tests of steels 5, 6 and 8 are given in Table 3. 

The thermal cycle undergone by the heat-affected 
zone during single bead welding of the '/:-inch-thick 
plates is given in Fig. 1 by the solid line shown; the 
dashed line is the thermal cycle recorded for the half 
size Charpy bar during the weld quench heat treatment 
described above. Figures 2, 3 and 4 give the Bain S 


curves obtained for steels 5, 6 and 8 as quenched from 
1600° F., and for the 2460° F. pre-treatment. 


Discussion of the Data 


The difference in the cooling conditions for the heat- 
affected zone of the single bead welds and for the weld 
quench treatment is indicated in the comparison of both 
cooling curves in Fig. 1. It is apparent that the cooling 
rate of the weld quench specimen is more rapid from the 
furnace temperature to the temperature of the first 
and second quenching baths. After the specimen is 
removed from the second bath and air cooled, it also 
cools slightly more rapidly than does the single bead 
weld. In the original research for establishing a weld 
quench procedure, it was found that a lead bath pro- 
duced a more rapid quench than the salt baths, which 
were introduced for the purpose of approximating more 
closely the cooling rate of the single bead welds. It 
appears probable that a large number of quenching 
baths, at progressively lower temperatures, would be 
required to closely approximate the cooling cycle of the 
single bead weld. It has been suggested that the sensi- 
tivity of the weld quench test could be increased by 
quenching the specimen in water after the 18-second 
interval in the first bath. Such a procedure would 
appear to be undesirable, in that it would constitute a 
radical departure from the thermal cycle which it is 
sought to duplicate, in order to have the microstructure 
and hardness of the weld quench specimen reproduce 
that in the heat-affected zone of the single bead welds. 

The degree to which the hardness of the weld quench 
specimen reproduced the maximury hardness of the heat- 
affected zone of the single bead welds is shown in Table 2 
to have been between the limits of 79% and 100%. All 
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but two, Nos. 10 and 14, of the specimens are between 
93% and 100%, and of these two steels, only No. 10 
gave a recognizable difference in the microstructure 
between the weld quench and single bead zone at a 
magnification of 500 X. The cause of this sole case of 
differing microstructure is as yet not entirely clear. 

The weld quench values show a trend of considerable 
interest; steels Nos. 1 to 4, which are of the same type, 
show decreasing weld quench values, with increasing 
carbon contents. The figure of per cent of original 
impact decreases for the first three steels, but increases 
for No. 4. The indications are that none of the four 
steels are highly sensitive to the welding conditions 
imposed by the single bead welding. The unusually 
high value in column 7 for steel No. 10 can be ascribed 
to the low degree of reproducibility of the hardness 
shown in column 4. There is a greater amount of free 
ferrite in the microstructure of the weld quench specimen 
of this steel than in the heat-affected zone of the single 
bead weld, which can be expected to increase the impact 
value. The lower values in column 7 are for steels 
Nos. 13 and 15; however, the impact values of these 
steels in column 6 are not significantly low. 

A comparison in Table 3 of the available data for the 
single bead welds of the three steels, Nos. 5, 6 and 8, 
with the Bain S curves is of interest. The hardening 
propensity is in the order 5, 6 and 8 for the single bead 
welds, and it is also the order of the bead bend tests, 
but the Bain S curves do not follow this trend entirely. 
The nose of the S curves, where between 950° and 
1050° F the curves extend farthest to the left, is shifted 
as to temperature and time for each steel, as described 
in Table 3. The large difference between No. 5 and the 
two others, 6 and 8, is obvious, the curves for 5 being 
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Fig. 5—Steel 5. 500 X 


Fig. 6—Steel 6. 


shifted entirely to the left of those for the 6 and 8 speci- 
mens. The isothermal decomposition of austenite in 
steel 8, at the nose of the curve, appears to start in 
approximately the same interval of time as steel 6, but 
goes more rapidly to completion at this temperature than 
does steel 6 at its nose temperature. The latter is 
higher than that of steel 8. In view of the discrepancy 
between the maximum speed of the reaction of steels 
6 and 8, and their hardening propensity in the single 
bead welds, it was of interest to project the thermal 
cycle of Fig. 1 in semilog form on the S curves for the 
2460-1600° F. quench. The point on the dotted Bain 
S curve at the left where the semilog curve of the thermal 
cycle intercepts it, is given in Table 3, which indicates 
that the transformation will start sooner for the steel 
5 in the heat-affected zone of the single bead welds 
than for steels 6 and 8, but it is also shown that steel 6 
will start its transformation before steel 8. The products 
at the start of the transformation could not be expected 
to differ to any great extent for the three steels since the 
temperatures at the start do not vary greatly. This is 
confirmed by the micrographic examination of the heat- 
affected zone of the single bead welds shown in Figs. 
5, 6 and 7, at a magnification of 500 X, all of which 
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Fig. 7—Steel 8. 


500 X 


contain ferrite and coarse pearlite at grain boundaries. 
Steels Nos. 5 and 8 also have areas of very fine pearlite, 
which appears to be absent in No. 6. The indications 
are that for No. 5 the transformation occurred between 
1160° and 1000° F. In No. 8 the presence of nodular, 
fine pearlite, which would form at 900 to 1000° F., is 
consistent with the shape of the S curve, since there is 
a decided shift to the left, and the rate of reaction in 
this range is rapid. The microstructure of steel 8 also 
contains some acicular products, which, by comparison 
with the microstructures observed in establishing the S 
curves, appear to have formed between 600° and 850° F. 
In steel No. 6, however, there is no evidence of any 
patches of nodular, fine pearlite having formed as in 
No. 8. The transformation in steel No. 6 appears to 
have occurred continuously down to 750° F. at a fairly 
uniform rate, since the full range of acicular to coarse 
pearlite structures are in evidence. 

The shift in the S curves for the 1600° F. quench, as 
compared with the 2460-1600° F. quench, is shown in 
Table 3 to be approximately three times for the time to 
start transforming at the nose of the curve for the steels 
5 and 6. For steel 8, the displacement is about four 
times that of the 1600° F. curve at the nose. The time 
to complete the reaction at the nose of the curves for 
the 2460-1600° F. quench is approximately five times 
greater than for the 1600° F. quench. 


Summary 


A weld quench procedure was established for a different 
single bead welding condition than for that originally 
established and reported in Proc. A. S. T. M., 38, Part 
11, 71-97 (1937). Fair reproducibility in the weld 
quench specimen for the grain size, maximum hardness 
and microstructure of the heat-affected area of the single 
bead welds is claimed for all of the steels studied with 
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only one exception. The indications are that all of the 
steels included in the weld quench study are of weldable 
grade, when subjected to the thermal cycle which existed 
in the heat-affected zone of the single bead welds. 

Bain S curves obtained for three steels quenched in 
metal baths from 1600° and 2460-1600° F. indicate 
that the shape of the curves may be altered by the latter 
treatment, besides being shifted to the right. It would, 


therefore, appear likely that the mode of transformation 


in the heat-affected zone could not be predicted from 
the S curves obtained by quenching specimens from 
1600° F. 

The single bead weld test has been adopted as a 
standard weldability test by the Watertown Arsenal, 
as reported by A. W. Manlove.‘ It is considered to 
be a reliable test, requiring only a simple procedure, and 
can be made at a low cost. The survey of hardness and 
microstructure that is made, gives at once the total 
effect of the thermal cycle on heating and cooling for 
the heat-affected zone of the bead weld. An explora- 
tion of the single bead weld test, with the view of dupli- 
cating any desired thermal cycle such as occurs in various 
stages of a multi-layer weld, should make it possible to 
predict from specially arranged single bead weld tests 
what maximum hardness and microstructures will result 
when a certain steel is actually welded. The single 
bead weld test does not determine the toughness which 
is associated with various levels of hardness, as does the 
weld quench test. However, experience with the latter 
test indicates that it is extremely difficult to cool a small 
bar of steel from a high temperature to exactly duplicate 
the actual cooling cycle during welding. Therefore, 
where a number of steels (which have a large range of 
increase in hardness after welding) are surveyed, the 
weld quench procedure does not’ have much promise 
of covering the entire range. It would, therefore, 
appear that the single bead welding test is the simpler 
method of subjecting the metal to the desired thermal 
cycle and noting its effects on the hardness and micro- 
structure. Other tests which have been proposed to 
be made on the single bead welds such as the bead bend, 
notch impact and bend tests, may extend the information 
obtainable. In spite of the limitations of the single bead 
weld test, it appears to be the most promising develop- 
ment in weldability studies. 
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General 


HE effect of notches of all kinds upon the fatigue 
strength of a metal has been referred to almost 


from the very beginning of work in the field of 
fatigue testing. Precise studies based on elastic theory 
and involving mathematical, photoelastic and similar 
methods have been added to a variety of experimental 
work in fatigue testing. 

The fatigue properties of welded joints are influenced 
by many types of stress concentration notches. Some 
of these are of the more general character; others are 
characteristic of only welds. It is felt that critical study 
of the problem of notch sensitivity with particular respect 
to weld metal is necessary and certain tests are herein re- 
ported. 


Tests 


The usual procedure of testing each of a number of 
specimens of a given series under a specified load and of 
recording the calculated stress and the number of stress 
cycles endured before fracture was followed in these tests. 
The orthodox “‘Stress-Number of cycles” plots, or S-N 
curves, were constructed for each series of tests. 


Test Bars 


Specimens were prepared through the cooperative ar- 
rangements of the Welding Research Committee and the 
Research Laboratories of the Westinghouse Electric 
and Manufacturing Company. 

Details of the plates and welding procedure are shown 
in Fig. 1. The analysis of the parent metal was C, 
0.25%; Mn, 0.52%; Si, 0.06%; phosphorus 0.026% 
and sulphur, 0.033%. 

X-ray photographs were supplied by the Research 
Laboratories of the Westinghouse Electric and Manu- 
facturing Company and are reproduced as Figs. 2, 3 and 
4 


Test bars of three types as shown by Fig. 5 were ma- 
chined. The 9.85-in. radius type conformed to specifica- 
tions frequently used by other investigators. Two forms 
of notches were studied; one involved a '/s-in. radius 
notch, and the other incorporated a sharp 60° V notch. 
As indicated all test bars measured 0.300 in. at the mini- 
mum section; weld metal was located at the reduced 
section. ° 


* Presented at the Annual Meeting, A. S., Philadelphia, Pa., Oct. 
20 to 24, 1941. Contribution to Fundamental TF hateas Division. 
Professor and Head of Mechanical Engineering, University of Vermont, 
Burlington, Vt. 
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Equipment 


A battery of six fatigue testing machines was used. 
These machines, which were of the Farmer type, did not 
differ materially from conventional machines of this kind. 
Due caution was taken to insure proper alignment of test 
bars and to eliminate vibration as much as possible. 
Each unit was belt driven from an electric motor and 
operation was at a nominal speed of 1150 r.p.m. 


Data 


The fatigue strength, or endurance limit, as it is prefer- 
ably called, may be defined as the limiting stress below 
which metals will withstand, without fracture, an in- 
definitely large number of reversals of stress. This value 
is generally shown as the stress at which the S-N curve 
assumes a horizontal direction. ° 

Data pertaining to the tests involving each type of test 
bar are shown in Tables 1, 2 and 3. The results of these 
tests are also shown in graphical form in Fig. 6. 
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Table 1—Type L Test Bars (0.300 In. Diameter, 9.85 In. 
Radius) 


Calculated 
Bar Stress 
No. Lb./Sq. In. Cycles 
A-5 44,925 267,876 
A-+4 34,400 925,812 
C-2 31,825 1,025,820 
C-6 32,375 2,372,544 
B-6 31,175 50,000,000* 


* Did not fracture. 


Table 2—Type U Test Bars (0.300 In. Diameter, '/;-In. 


Radius Notch) 
Calculated 

Bar Stress, 

No. Lb./Sq. In. Cycles 
A-7 32,300 288,864 
A-2 31,175 467,892 
C-7 29,300 532,260 
A-10 25,300 2,470,300 
A-3 25,300 50,000,000* 


* Did not fracture. 


Table 3—Type V Test Bar (0.300 In. Diameter, 60° V Notch) 


Calculated 
Bar Stress, 
No. Lb./Sq. In. Cycles 
B-3 32,400 31,000 
C-3 24,800 40,140 
B-7 24,300 331,596 
A-7 20,250 475,092 
B-1 17,300 50,000,000* 


* Did not fracture. 


The tensile strength of the weld metal, determined with 
test bars similar to Type L, was found to be 69,430 Ib. 
per sq. in. 


Discussion of Results 
Endurance Ratio 


The endurance ratio is generally expressed as the 
ratio of the endurance limit to the ultimate tensile 
strength. The value attained for the weld metal here 
tested was accordingly: 


Endurance ratio = ——— = 0.45 


It is recognized that the endurance ratio value may 
have variable significance when varied metals and con- 
ditions of metal treatment are considered. It is felt, 
nevertheless, that this factor should be considered. 

The majority of investigators of fatigue characteristics 
of welds report that there is no correlation of endurance 
strength with other physical properties. With specific 
regard to tensile tests and therefore to the endurance 
ratio, the National Physical Laboratory' definitely points 
out that the static tension test is of no real value for 
evaluating the fatigue strength of welds. 

That this situation should exist with respect to welded 
metal and not with the products of other metal fabrica- 
tion processes does not seem reasonable. 

The writer ventures to suggest that, if other factors 
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are eliminated in tests, i.e., carefully machined tension 
and fatigue bars are used under conditions whereby 
failure in weld is assured, a reasonable similarity of the 
endurance ratios of welded and of cast metals will be 
found. After all, both the arc- and gas-welding processes 
are instrumental in forming a cast product and metal- 
lurgically this fact must be recognized. Consistent en- 
durance ratios have been reported for a variety of 
ferrous cast metals with a fair degree of constancy.’ 

Spraragen and Claussen* have quoted few values for 
endurance ratios from the literature; the report of 
Musatti and Reggiori with a ratio of 0.34 and the values 
of 0.54, 0.40 and 0.43 from Leitner are noted. Almost no 
correlative data are quoted whereby such a ratio might be 
calculated. The ratio of the endurance limit of the weld 
to the endurance limit of the parent metal is referred to 
in a number of tables of the summary of Spraragen and 
Claussen as the endurance ratio. This difference of 
terminology should be noted. 


Notch Sensitivity 


The notch sensitivity ratio in fatigue for a given metal 
may be defined‘ as the ratio of the endurance limit with 
unnotched specimens to the endurance limit with notch 
specimens.* Accordingly the value determined in these 
tests are: 

For '/s-in. radius notch 


31,175 
Notch sensitivity ratio 35,300 1.34 
For 90° sharp V notch 
31,175 
Notch sensitivity ratio = 17,300 = 1.80 


These results may also be viewed ‘in terms of the per- 
centage decrease in the endurance ratio due to the notch. 
Accordingly, the values are: 

For '/s-in. radius notch—18.9% decrease. 
For sharp V notch—44.4% decrease. 

There is no proved correlation between the notch sensi- 
tivity and other mechanical properties of a metal. 
Ductility characteristics, damping properties, work 
hardening ability, hardness values, elastic properties and 
impact strengths have been frequently referred to and 
they may each or all be somehow involved. Neverthe- 
less, no satisfactory relationship between any of these 
and notch sensitivity has been thus far proved. 

Moore® has defined the property of a metal to resist 
concentration in fatigue as ‘“‘crackless plasticity.’’ No 
method of evaluating this property has been developed. 

Notches produce a higher local stress; the general 
problem of such stress concentration has been the sub- 
ject of mathematical and experimental investigations. 
It would therefore be expected that failure when a notch 
is present would occur under a repeated load producing 
a nominal stress (calculated without resort to the ana- 
lytics of stress concentration) below the endurance 
strength. 

At the present time, it is thought that the endurance 
strength of a metal is not influenced by notches. Fur- 
ther, the effect of a notch apparently cannot be stated by 
description of the notch alone but requires, further, the 
specification of the metal involved. 

Thus, the failure of a given part under repeated load 
is dependent upon the endurance strength of the metal, 
upon the geometry of the notch and its attendant theo- 
retical and actual stress concentration influence, and 
upon the property of “‘crackless plasticity.’’ Since no 
method of specifying the “‘crackless plasticity’’ property 


* The notch sensitivity ratio has also been termed the “fatigue stress- 
concentration factor” by investigators in this field. 
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Figs. 2, 3 & 4—X-Ray of Weld in Test Plates A, B and C 


is now available, actual notched fatigue tests as herein 
reported are seemingly required. 

The influence of weld defects on fatigue strength has 
been adequately reviewed by Spraragen and Claussen,* 
and the reports of many investigators are shown to quite 
definitely indicate the deleterious influence of all internal 
defects such as slag inclusions, porosity, blow-holes, 
thermal or shrinkage cracks and poor penetration. In- 
ternal shrinkage stresses are likewise within this classi- 
fication of defect. The concensus of opinion seems to be 
that these internal defects are active as stress-concentra- 
tion notches and as such are of primary importance in 
resulting lowered endurance limit values. 

That the presence of external notches, undercutting 
and poor fillets is detrimental in terms of fatigue strength 
is quite generally known. The removal of such external 
stress-raisers by machining is also recognized. These 
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items are also reviewed by Spraragen and Claussen. 
There is, however, some question as to the degree of im- 
provement by such machining. It seems that the rela- 
tive importance of the external must be considered in 
conjunction with internal defects; and if internal defects 
are present in quantity, the removal of external notches 
becomes of less importance. This item will be referred 
to again. 

The influence of peening, hot forging and cold working 
on the fatigue properties of welds has been the subject of 
a number of investigations. The influence of such 
mechanical treatments is generally one of improvement. 
A share of the influence may be ascribed to closure of 
pores and the relief of previous internal stresses. 

Matting and Otte,*® using the Lehr short-cycles method 
on 0.295-in. diameter specimens with a 0.04-in. radius 
circular notch, report the following on notch sensitivity 
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notched endurance limit was determined on 9.85-in. 
radius types of test bars similar to that used by the pres- 
ent author. R.R. Moore’ also reports on S.A.E. 6130 
heat-treated steel. The minimum test bar sections 


v8 varied from 0.330 to 0.404 in. diameters. 


Tyee U a 


2.300" Ora, 
Fig. 5—Test Bars 


Tyrn V" 


Table 4—Notch Sensitivity of Welds‘ 


Notch 
Notch Sensitivity 
Sensitivity * Factort 
Peened gas weld 0.25 1.33 
Unpeened gas weld 0.15 1.18 
Unpeened gas weld, normalized 0.17 1.20 
Coated electrode weld 0.14 1.16 


* As reported by Matting and Otte, 
sotch sensitivity = ‘tiguelimit unnotched — fatigue limit notched 
fatigue limit unnotched 
¢ Calculated by the present writer in accord with definition of 
notch sensitivity factor of earlier paragraph. 


It will be noted that the notch resulted in approxi- 
mately 15% decrease in fatigue strength for the as- 
welded joints; a slightly higher value was indicated for 
the normalized weld; and a still greater notch effect is 
apparent for the peened weld. This trend will be re- 
ferred to again in a later paragraph. 

Results of tests made under conditions approximating 
to a fair degree those used by the author on wrought 
steels may be examined for comparison purposes. Moore 
and Kommers’ report on 0.49% C heat-treated steel and 
0.02% annealed ingot iron. Tests were made on 0.275- 
in. diameter minimum section specimens. The un- 


Notch 0.49% 0.02 
Description C Steel Ingot Iron 6130 Steel 
1 in. radius 1.01 
1/, in. radius 1.09 1.18 1.2 
1/, in. radius 1.31 
V notch 2.66 2.62 


Table 5—Notch Sensitivity of Wrought Steels’~* 


Notch Sensitivity Factor* 


* Notch sensitivity factor calculated by present author from 
data report in citations noted. 


Tests have been previously reported by the writer? 
on high test alloy cast irons. Test conditions were 
identical to those for the weld fatigue tests here dis- 
cussed. 


Table 6—Notch Sensitivity of Alloy Cast Irons’ 


Notch Notch Sensitivity Factor 
Description Alloy A Alloy B 
'/s-in. radius 1.06 
V notch 1.19 1.32 


Other investigators have found little or no influence 
of notches in ordinary gray cast irons, i.e., the notch 
sensitivity factor is then equal to unity. 

A review of all these data shows that the notch sensi- 
tivity of wrought steels is considerably higher than for 
welded steel. On the other hand, the notch sensitivity 
of cast irons is shown to be lower than welded steel. 

The presence and effect of internal defects in welds 
have been discussed in detail in previous paragraphs. 
The obvious conclusion is that as such defects or metal 
discontinuities decrease, the notch sensitivity of a weld 
increases. In other words, the presence of external 
notches is of lesser importance as internal defects in- 
crease in the weld. 

A qualitative representation of the situation is sug- 
gested by Fig. 7. The theoretical stress-concentration 
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curve is adapted from references’ '® in the literature. 
There are a number of factors influencing the precise 
location of this curve. No claim is made here for an ac- 
counting of all such items; the reader is referred to the 
treatises wherein the theories pertaining are suitably 
developed. The position of the curves representing stress 
concentration for various kinds of fabricated metal has 
been adapted from data presented here from tests and 
from the data abstracted from the references discussed in 
previous paragraphs. The available data do not warrant 
rigorous statements and a great deal more work is re- 
quired to accurately determine values. The general 
trends and the relative susceptibility to notches are 
shown by the chart. It is evident that the theoretical 
stress concentration, especially from very sharp notches, 
is not attained in practice. Sensitivity to sharp notches 
decreases as we proceed down through the range from 
heat-treated, wrought steels, through cast steels and 
weld steel, down to the various grades of cast irons. This 
fact should be recognized in the application of fatigue 
test data to the design of machines. 


Conclusions 


1. Test data have been presented indicating an en- 
durance ratio of 0.45 for arc-weld steel. 

2. It has been suggested that the endurance ratio of 
weld metal might well have the degree of constancy ex- 
pected in cast metals. 

3. The influence of '/s-in. radius and sharp V notches 
has been determined for arc-welded steel; a notch sensi- 
tivity ratio of 1.34 and 1.80, respectively, has been 
found for these forms of notches. 

4. The weld steel studied has been found more sensi- 
tive to notches than are the cast irons and less sensitive 
than wrought and heat-treated forms of steel. 
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69-s on the surface of the metal, while observations are made 
70-s of the puddle. Several fusibility tests apply to sheet 
70-s_ metal. The fusibility test specified by the French Weld- 
70-s ing Institute for aircraft steel sheet and tubing consisted 
70-s of directing a well-regulated, stationary oxyacetylene 
73-s flame on the filed surface free from oxide and oil until 
73-s fusion occurred. The puddle must not bubble, evolve 
74-s gas or become covered with slag. 
74-s 
Filler Metal 
75-s Three types of tests have been used to estimate the *a 
75-s fusibility of filler metal: (1) the end of the filler rod is s 
76-s melted, (2) a weld is made, (3) a bead is deposited on a e 
surface. 
76-s Fusion of End of Rod.—The flame test developed by 
76-s McCune for gas welding rods and bare electrodes con- 
76-s sisted in melting the upper half of the rod for a distance 
78-s of 6 in. as it lay on a clean, flat surface. A neutral flame 
78-s with the smallest tip was played along the rod until it 
78-s wasred hot. The flame then was moved slowly from one 
80-s_ end to the other to melt the upper half of the rod. It 
80-s_ was not sufficient to melt merely the surface, nor was it 
8l-s permissible to melt the supporting steel. Thus, the hot 
82-s rod was exposed at intervals to the flame and to the air. 
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dle. Good rods melt without disturbance. Impurities 
in the rod cause sparking from the melt as the flame is 
withdrawn. Inferior steel containing’ gas and slag will 
bubble, and the frozen metal will be spongy. Sometimes 
the metal will flow away. 

Welded Joint.—One investigator estimated fusibility 
of bare electrodes by making a weld and noting melt be- 
havior, freedom from slag, and penetration. For oxy- 
acetylene welds another investigator remelted the weld 
metal which revealed defects, such as blowholes and slag 
inclusions. 

Surface Puddle with Filler Metal.—In some fusibility 
tests the filler metal is deposited on the intended plate. 
In other fusibility tests the filler metal is deposited on 
weld metal or on the rod. 

Adhesion Tests.—To evaluate the ability of filler metal 
to deposit satisfactorily on and cling to a vertical sur- 
face, special adhesion tests, called “‘Kletter’’ tests in 
Germany, have been devised, Fig. 2. 


Blowholes 


Arc Welding 


Blowholes are undesirable. Cracks sometimes start 
or end at blowholes. Small blowholes unaccompanied 
by other defects generally have little effect on mechanical 
properties. Porosity does not always lower the mechani- 
cal properties. Since only surface defects affect bend 
angle, no correlation has been found between blowholes 
and bend angle. It is believed that blowholes are some- 
times beyond the control of the operator. 

Tests.—The well-known nick-break test for butt welds 
and usability test (A.S.T M. A205-37T) for fillet welds 
reveal blowholes. 

Description.—Pressure above the surroundings is re- 
quired to form a blowhole. Gas bubbles usually form 
only at discontinuities in the liquid, such as the interface 
between the melt and a crystal or another blowhole. 
The walls of blowholes, spherical or elongated, always 
are shiny, never oxidized. 

Rate of Freezing.—Too rapid freezing is the most fre- 
quent cause assigned to blowholes. The rapidly freez- 
ing metal traps bubbles. A general rule to prevent poros- 
ity is to keep the puddle molten as long as possible to 
permit bubbles to rise to the surface. For this reason 
coatings, especially the heat-evolving type, discourage 
blowholes. The blowholes sometimes found where elec- 
trodes have been changed or where welding has been 
interrupted are attributed to the rapid freezing of the 
first metal to be deposited. 

Composition of Base Metal.—Since no blowholes were 
found by Doan in deposits on degasified unalloyed iron 
in argon, whereas deposits on mild steel under identical 
conditions were full of blowholes, he concluded that the 
gas comes from the base metal. Increasing the carbon 
content sometimes has increased blowholes. 

Preheating.—Blowholes were less pronounced as the 
temperature of base metal was increased. Preheating 
exerts its effect through retarding freezing, according to 
these authorities. 

Scale on Surface.—Scale is a cause of blowholes in arc 
welds. 

Composition of Bare Electrode-—Blowholes were not 
found by Doan in deposits of bare, hydrogen-purified 
carbonyl iron electrodes in purified argon. 

Composition of Core Rod and Weld Metal of Covered 
Electrodes.—High-grade rimmed steel (0.15 C, 0.50 Mn), 
according to Welding Handbook, is the best core rod. 

Coatings.—It is a sign of improper coating that the 
deposit, mild steel or stainless steel, contains blowholes. 
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Arc Length.—Excessive are length produces blowholes 
in deposits from bare and covered electrodes. 

Current.—Particularly with bare electrodes, excessive 
current causes blowholes, owing to overheating and gas 
absorption. Inadequate current also favors blowholes, 
for example in 25 Cr-20 Ni deposits, through “chill 
effect.”’ 

Welding Speed.—‘‘The puddling action of the slower 
speeds permits the molten metal to free itself of the gases 
which would be trapped if the melt solidified rapidly.” 
It is a rule with several authorities that high speed favors 
blowholes. 


Gas Welding 


Blowholes in gas welds are said to be rare. To avoid 
blowholes one authority emphasized that any scale on 
the surface must be reduced to metal by the flame. 
Bubbling during welding is associated with blowholes in 
gas welding mild steel and rails. 


Resistance Welding 


Blowholes, distinct from shrinkage voids (pipes) and 
other openings that may contain gas, occur in spot welds 
as smooth-sided, approximately spherical cavities. 


Shrinkage Cavities 


The angular shape and rough, often oxidized surface 
of shrinkage cavities distinguish them from blowholes or 
gas cavities. Shrinkage of the metal and inadequate 
feeding account for shrinkage cavities. 


Inclusions 


Inclusions in the present section will be “‘particles of 
impurities, such as oxides, sulphides, silicates and others 
which are retained by the metal during solidification or 
which are formed by reactions in the metal’ (Metals 
Handbook). Two general types of inclusions are found 
in welds: (a) large, irregular inclusions and (}) small 
globular inclusions (‘‘pepper’’). 

A peculiar inclusion discussed by several investigators 
is the “metallic globule” inclusion. The inclusions are 
small metallic particles formed as a spray at the tip of 
the electrode and deposited on the solid crust surround- 
ing the pool under the arc. They are not fused into the 
metal which subsequently is deposited over them. In- 
clusions, if they are small and rounded, seem to have 
little effect. 

Many authorities agree that large slag inclusions in 
are welds arise from incorrect manipulation of the elec- 
trode. Welding Handbook states that the electrode 
should be at an angle to blow the slag away from the 
puddle. Inadequate current or speed has caused in- 
clusions, which are favored by excessive arc length. 


Flow 


There is no way of expressing quantitatively the flow 
of filler metal and weld metal. Some of the fusibility 
tests exhibit the flowing capacity of a rod or electrode. 
Fluid electrodes are suitable for the flat position. 

Surface tension of the slag also influences the indefinite 
quantity known as “flow.’’ Low surface tension of the 
slag is essential if the slag is to cover the deposit. Too 
low surface tension and viscosity of the slag cause it to 
follow the arc too closely and the rate of travel must be 
increased, the depth of the bead accordingly being de- 
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creased. Globule size decreases with increase in carbon 
content, because low carbon steel (0.03 C) has higher 
viscosity than steel containing 0.26 C. Quiet flow of 
weld metal in gas welding does not necessarily signify 
good welds nor is spatter related to flowing quality. 


Bubbling 


Bubbling of a weld puddle signifies that bubbles of gas 
are rising to the surface. Bubbling also is known by 
other names, such as frothing, foaming, boiling and heav- 
ing. Boiling of the metal generally is not involved. 


Gas Welding 


Frothing occurred on the under side of butt welds 
made with an oxyacetylene torch in mild steel */39 in. 
thick containing 0.21-0.23 C, 0.53-0.56 Mn, 0.025- 
0.047 S, 0.024—0.035 P, 0.0055-0.0155 Os, 0.0001 He, 
0.004 Ne. Silicon was 0.01% in steel that frothed; with 
0.05 Si frothing occurred only at the end of the bead, 
whereas with 0.21 Si there was no frothing. Frothing 
was accentuated by 0.05 Sn, or 0.18 Cu, or 0.12 Ni. 


Arc Welding 


Besides affecting appearance and possibly hindering 
the operator, bubbling favors concave fillets, removes 
other dissolved gases, aids in separating slag from weld 
metal, and by agitating the growing crystals refines the 
grain structure. Blowholes have accompanied bubbling. 


Spatter 


Arc Welding 


Of the weight of the core rod of an electrode, the per- 
centage that does not appear as weld metal often is 
called spatter, which for ordinary purposes includes loss 
metal by reaction with slag or atmosphere, by volatiliza- 
tion and, most important, by spattered liquid globules. 

The spattered globules from a bare iron electrode in 
argon were iron, Doan found. Spatter in air cannot es- 
cape partial or complete oxidation. Some authorities 
believe that spatter may come from both the weld pud- 
dle and the molten tip of the electrode. 

There are several hypotheses of spatter. An unsteady 
arc may throw globules outside the weld puddle. Ex- 
plosions combined with an unstable arc characterize 
some hypotheses. In one hypothesis, as the surface ten- 
sion of the molten metal at the tip increases, the globules 
increase in size, and the tendency to explode and spatter 
is increased, whereas another believed that the explosion 
was vaporization of metal or was occasioned by a reac- 
tion among iron, oxygen and carbon. A third stated that 
incorrect generator characteristics gave rise to high 
surges of current through the arc. The surges caused 
explosions of globules of molten metal in the are. Ex- 
plosions of non-metallic inclusions in the are also may 
cause spatter. 

It is proverbial that coating constituents affect spat- 
ter either through evolving gases that smother or ex- 
tinguish the arc, or through stabilizing the arc. Exces- 
sive current has been a major cause of spatter in other 
investigations with bare and covered mild steel and stain- 
less steel electrodes. Spatter is high if the polarity is 
imecorrect. A long are is accompanied by high spatter 
loss. Magnetic blow also increases spatter. It has been 


— that anriealed electrodes spatter less than hard 
rawn 
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Gas Welding 


Although no detailed study has been made of them, the 
spattered globules in gas welding appear to be iron oxide 
with or without metallic iron. By collecting the spatter 
from filler rods and from plates each melted separately 
with the torch, one investigator proved that spatter may 
come from both the end of the rod and the weld puddle. 
Spatter always accompanied bubbling, and other authori- 
ties state that spatter signifies blowholes. Spatter seems 
to have no effect on welding, except that it may collect 
on the rod in forehand technique. 

Flame setting controls spatter to a great extent. Ex- 
cess oxygen favors spatter with aircraft tubing, rails and 
mild steel. The composition of the filler rod affects 
spatter. Spatter is reduced by raising the Mn and Si 
content of the rod. 


Surface Appearance 


Arc Welding 


Of the numerous features of a weld bead the most 
important seem to be its uniformity and smoothness, 
and the contour of its cross section. Appearance is not 
related necessarily to cracks and blowholes. Uniform, 
smooth beads free from undercut are important for high 
fatigue strength. Appearance is ruined by inexpert ma- 
nipulation of the electrode. Overheating is said to cause 
a rough, porous surface. Neatness is not related to 
penetration nor do waves in the surface correspond with 
undulations in the fusion line. The contour of a fillet 
bead is evaluated in terms of concavity and convexity by 
the usability test (A.S.T.M. A205-37T). Coatings 
have a pronounced influence on cgntour. In general, 
the heavier and more fusible the coating, the more con- 
cave is the bead. Inadequate current favors convex 
beads with asbestos covered and other electrodes. As 
the fluidity of weld metal increases, the bead becomes less 
convex and increasingly concave. It is significant that 
metal from bare electrodes has high oxygen content, 
which increases surface tension and viscosity. 

The contour of vertical and overhead beads is compli- 
cated by additional factors that do not affect beads in 
the flat position (see section on Adhesion Tests). The 
position of a weld governs its contour. Weaving ts es- 
sential to secure a uniform horizontal bead on a vertical 
plate, the arc remaining longer at the upper edge of the 
bead than at the lower. 


Gas Welding 


Uniformity is the most important feature indicated 
by surface appearance of a gas weld as it indicates careful 
and constant control. The nature of the surface like- 
wise indicates the general technique used. Large ripples 
are associated with forehand welding and excessively 
large ripples indicate more than the normally desirable 
amount of working of the weld puddle. A pitted surface 
indicates that the flame is more oxidizing than generally 
recommended. 

Undercut is the groove that may appear at the edge 
of a bead on a flat or vertical plate. A method of measur- 
ing undercut is described in A.S.T.M. A205-37T. Ger- 
man specifications require that an electrode exhibit “no 
dangerous undercut.”” Undercut is fatal for high fatigue 
strength. 

The type of electrode was more important for undercut 
in fillet welding than current, angle of electrode and 
speed. Incorrect coating and defective combustion of 
coating have been blamed for undercut. Other causes 
of undercut are too high speed of travel, excessive cur- 
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rent and excessive arc length. Although the operator not 
always is responsible for undercut, it often is attributable 
to incorrect manipulation. For example, in a tee fillet 
joint with vertical plate, if the electrode is too nearly 
vertical, or if the tip of the electrode is too far from the 
vertical plate, the fused metal assumes a horizontal posi- 
tion and the vertical plate is undercut. 


Lack of Fusion 


There has been lack of fusion, also called cold shuts or 
overlaps, when a surface has failed to unite with weld 
metal. The weld metal is separated from base metal, 
their plane of contact having no strength. Lack of 
fusion is particularly likely if weld metal must flow 
along a crevice, such as the root of a butt weld. For this 
reason root chipping in arc welding is important. A 
number of gas and arc-welding authorities agree that lack 
of fusion particularly at the root, is the commonest de- 
fect. The usual cause assigned to lack of fusion is de- 
position of weld metal on insufficiently hot base metal. 
The same reason is advanced for lack of fusion in the 
root of butt welds; namely, the weld metal flowed along 
the root before base metal had fused. 

Lack of fusion also may occur if, owing to careless 
manipulation, weld metal or base metal is coated with a 
film of slag. Too large an electrode favors lack of fusion, 
perhaps by increasing the melting rate. Long arcs and 
inadequate current also yield lack of fusion. 


Penetration 


Penetration, sometimes called depth of fusion, is de- 
fined by the AMERICAN WELDING Society as the maxi- 
mum depth perpendicular to the surface of base metal 
at which fused metal is found. Among the factors that 


Introduction 


"| NHE weldability of a metal embraces its behavior 
during the fusion stage, as well as the properties of 
the solid weld. The literature summarized in the 

present review deals with the behavior of fluid weld 
metal, including blowholes, bubbling, spatter, surface 
appearance and depth of fusion. The first part of the 
review describes tests to evaluate the properties of weld 
melts. For convenience the tests are called “‘fusibility 
tests,’’ which admittedly is an inadequate term. Each 
of the factors influencing or depending on fusibility are 
treated separately in later sections. 


Fusibility Tests 


Base Metal 


In most fusibility tests of base metal a puddle is melted 
on the surface of the metal, while observations are made 
of the puddle. Several fusibility tests apply to sheet 
metal. Granjon' fuses a line in a sheet 0.04—0.08 in. 
thick and notes calmness, presence of oxide layers, and 
gas evolution. In another form? of the test the sheet is 
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are said to influence penetration is the depth of the 
crater. Factors which increase the depth of crater also 
increase penetration, yet the crater from covered elec- 
trodes generally is shallower than from bare electrodes. 

Current affects penetration. As the current increases, 
penetration also increases, although the height of the 
bead above the surface also may increase. Too short an 
arc or low voltage signifies shallow penetration. One 
investigator reported that penetration of a covered elec- 
trode is inversely proportional to melting rate (gm. 
min.). Preheating increases penetration. Penetration 
varies with the thickness of base metal. 


Melting Rate 


Melting rate in metal arc welding generally is expressed 
as weight of electrode (core rod) melted in unit time with 
or without spatter. The melting rate is more or less 
nearly proportional to current for bare and covered 
electrodes. Most investigators have found that arc 
energy to melt unit weight of electrode is constant. Elec- 
trodes yielding concave beads seemed to yield lower melt- 
ing energy than those depositing convex beads. 

Polarity has considerable effect on melting rate. The 
polarity yielding the lower melting rate produces more 
heat in base metal. One investigator found no difference 
in melting rate between a.c. and d.c. for twelve different 
covered mild steel and low-alloy steel electrodes. Melt- 
ing rate, according to another investigator is inversely 
proportional to penetration. Small changes in the com- 
position of the electrode may have a great effect on melt- 
ing rate. Welding Handbook states that shielded arc 
electrodes deposit four to five times faster than bare 
electrodes, for the reasons that the covered require 
higher currents, have practically no short circuits, may 
benefit from exothermic reactions in the coating and have 
higher thermal efficiencies. 


6 in. square, and the tip is one size smaller than usual 
(neutral flame, inner cone '/s in. from surface of sheet). 
Partly melt through the surface for a distance of 3 in., 
then fuse a hole. The bead must be smooth and uniform 
with little scale. The hole must have rounded, smooth 
edges. Inferior sheets produce porous, flaky scale and 
irregular ripples higher in the center than at the edges. 
The hole in inferior sheets melts very rapidly, and has 
ragged edges with spongy oxide globules. Nead and 
Kenyon® blocked the sheet 0.06 in. thick, 4 in. square, 
above a metal surface. Using a tip 0.042 in. diameter, 
they moved the torch at a rate sufficient to melt merely 
the surface of the sheet. There was no spatter from satis- 
factory sheet and there was a smooth bead without 
undercut. Further, upon being melted sufficiently to 
sag, the satisfactory sheet was free from sponginess. 
Despite uniform motion of the torch, holes sometimes 
were blown through unsatisfactory sheets. With the 
torch vertical holes were melted more quickly in unsatis- 
factory sheets than in good steel. 

Besides the torch test, Nead and Kenyon fused strips 
0.06 in. thick, 1'/, in. wide in a resistance welder. Low- 
grade steel from the standpoint of torch welding exhibited 
ragged edges after fusion and ejected showers of sparks 
during fusion. Coated with vitreous enamel, the low- 
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ROD MELTING APPARATUS 


ROD TO BE MELTED ENDLESS CHAIN 


| PLATE MELTING APPARATUS 


Fig 1—Apparatus for Melting Welding Rods and for Melting 
the Surface of Plates, Used by Stursberg’ 


grade steel developed bubbles at the steel-enamel inter- 
face during heating in the resistance welder. The fusi- 
bility test specified by the French Welding Institute‘ 
for aircraft steel sheet and tubing consisted of directing 
a well-regulated, stationary oxyacetylene flame on the 
filed surface free from oxide and oil until fusion occurred. 
The puddle must not bubble, evolve gas or become 
covered with slag. Rechtlich® noted slag viscosity and 
spatter in fusing aircraft tubing with a small tip suitable 
for sheet 0.02—0.04 in. thick. 

To test the fusibility of thicker steel (0.39 in.) Holler® 
made 60° V automatic oxyacetylene butt welds in the 
flat position. The boiler plates contained 0.1 C, were 
6 x 10 in. and were tacked with '/s in. root opening. 
Flow and spatter were measured during backhand weld- 
ing with a filler rod of known quality. Stursberg’ avoided 
using filler rod in his fusibility test of plates '/, in. thick, 
Fig. 1. The flame was directed at 45° to a plate moving 
at uniform speed. The tip of the inner cone of the flame 
at which maximum reaction occurs touched the surface 
of the plate. Observation of the puddle and of spatter 
confirmed the results of tests in which rods of the same 
steel were fused. However, the appearance of the solid 
bead varied with the composition of the steel. For an 
O2/CsHe ratio of 1.6, a highly oxidizing flame, a steel 
with 0.35 C, 0.65 Mn, 0.19 Si, 0.025 S, 0.033 P had a 
fluid puddle, which bubbled considerably and on which 
several slag islands floated. The 45° flame blew uniform 
ripples which froze in the retreating puddle. On the 
other hand, with a steel containing only 0.08 C, 0.44 
Mn, 0.12 Si, 0.021 S, 0.044 P, the ripple spacing was 
twice as great because the slag was thick and the puddle 
was viscous. 

To test the fusibility of die steel (0.50 C, 2.5 W, 1.25 
Cr) Liedholm* observed the fluidity of and gas and spat- 
ter evolution from a bead melted in the surface by an 
atomic hydrogen torch. Weldability, including fluidity, 
porosity, undercut and cracks was rated in per cent (no 
details) and unsatisfactory steels invariably had high 
oxygen content. The severity of the test was increased 
if filler rod was added. In the U. S. Navy gouge plate 
test* for blowholes and lack of fusion in cast carbon- 
molybdenum steel a gouge is filled with beads from a 
covered electrode. The test involves both base metal 
and electrodes, and can be used to evaluate the fusi- 
bility of either provided the other is of established 
quality. In a test used by Hoff’ for the ability of a pipe 
and welding process to produce patch welds on pitted 
pipe under internal pressure, the electrode is passed 
over a pipe with artificially pitted surface. Laminations 


1942 WELDABILITY—FUSIBILITY TESTS 69-s 


in the pipe make it difficult to prevent holes being blown 
during welding across the pits. 


Filler Metal 


Three types of tests have been used to estimate the 
fusibility of filler metal: (1) the end of the filler rod is 
melted, (2) a weld is made, (3) a bead is deposited on a 
surface. 

Fusion of End of Rod.—The flame test developed by 
McCune" for gas welding rods and bare electrodes con- 
sisted in melting the upper half of the rod for a distance 
of 6 in. as it lay on a clean, flat surface. A neutral flame 
with the smallest tip was played along the rod until it 
was red hot. The flame then was moved slowly from 
one end to the other to melt the upper half of the rod. 
It was not sufficient to melt merely the surface, nor was 
it permissible to melt the supporting steel. Thus, the 
hot rod was exposed at intervals to the flame and to the 
air. No foreign matter was permitted to blow into the 
puddle. Good rods melt without disturbance. Impuri- 
ties in the rod cause sparking from the melt as the flame 
is withdrawn. Inferior steel containing gas and slag 
will bubble, and the frozen metal will be spongy. Some- 
times the metal will flow away. Although in 1925 Mc- 
Cune found that best results with bare electrodes were 
secured with a cold-worked grain structure and that gas 
welding rods behaved best in the annealed state, he 
showed later that the results of the flame test had no re- 
lation to the grain structure of the rod, except in so far 
as seams and segregations were disadvantageous. In 
tests of 17 rods said to be inferior, the flame test re- 
vealed that some exhibited good behavior, others bad. 
The composition of the rod seemed to exert no influence. 
McCune concluded that the test is {ndicative of the be- 
havior of a weld metal, but that base metal and other 
factors influence the behavior of the weld puddle from a 
rod in the field. He believed that the test was suitable 
for specifications. Instead of the flame test, bare elec- 
trodes could be stuck to a steel plate while sufficient 
current was passed to fuse the entire length of the rod 
at once. The same characteristics were studied as in 
the flame test. 

Several investigators estimated fusibility by melting 
the end of the rod in free air with a torch and studying 
the flow of the fused metal.” Pipe, inclusions and poros- 
ity in the rod were revealed by the test, according to 
Kinzel.'* Rechtlich® studied the drops from oxyacetylene 
welding rods for aircraft tubing to determine whether 
the puddle would be quiet. Oxide on the rod caused 
excessive slag. Any lack of flowing quality spoiled 
the appearance of the weld. An intensive study of the 
test by Stursberg,’ Fig. 1, showed that small changes in 
the speed (no details) at which the rod was moved rup- 
tured the film of slag enclosing the globule with attendant 
sparking. With some rods, however, there was no milky 
film on the surface; instead, the slag appeared as bright 
pin points on the surface. The slag was thickest with an 
oxidizing flame and with rods containing 0.58 C, 0.73 
Mn, 0.15 Si; compared with 0.05 C, 0.26 Mn, 0.03 Si. 

Melting the end of the rod is a test sometimes used to 
determine loss of elements.’:* For instance, a German 
firm” tested for formation of vapors from brass welding 
rods by noting zinc flame during melting. An indirect 
test of fusibility of gas welding rods is the McQuaid- 
Ehn test suggested by Rapatz."* If the rod is abnormal, 
the rod may contain slag and may exhibit unsatisfactory 
flow (no details). To measure the length of an electrode 
which becomes red hot during welding, Piingel'’ stopped 
welding after 1 min. and estimated the length of the red 
end of the electrode in the dark 2 sec. later. The length 
increased with increase in current. 
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Welded Joint.—Owens* in 1923 estimated fusibility of 
bare electrodes by making a weld and noting melt be- 
havior, freedom from slag, and penetration. For oxy- 
acetylene welds Kinzel™ remelted the weld metal which 
revealed defects, such as blowholes and slag inclusions. 
Granjon’® was cautious in drawing conclusion from fusi- 
bility tests. Some rods with quiet, oily fusion yielded 
bad welds, whereas spattery rods sometimes produced 
excellent welds. He observed fusion and noted bubbling, 
if any, while making a butt weld in the intended base 
metal. Subsequently the weld was bent. The fusibility 
of electrodes was determined by Sandelowsky” by os- 
cillograms of are voltage, which he believed should be as 
constant as possible. Flamm” was of the opinion that 
the simplest test for filler metal of any kind was the 
measurement of speed of deposition. He measured the 
speed in arc welding by means of an oscillograph. Ir- 
regularities in the oscillogram represented irregularities 
in the weld. The arconograph developed by Ronay” 
is similar in principle. Tests for purity of acetylene and 
suitability of torch were described by Rechtlich® for 
gas welding aircraft tubing. 


Surface Puddle with Filler Metal.—In some fusibility 
tests the filler metal is deposited on the intended plate. 
Weidle* deposited 11 oxyacetylene welding rods and 11 
covered electrodes (0.09 C, 0.46 Mn, 0.06 Si) as beads 4 
in. long on mild steel plates 0.24 in. thick, 2.4 in. wide. 
The oxyacetylene rods were deposited with a neutral 
flame, both forehand and backhand techniques, and with 
two different tips. Flow was designated as viscous, good 
or very good. Boiler Maker™ noted whether slag ap- 
peared (bright specks) on the surface of the oxyacetylene 
surface puddle. The flow of weld metal and the slag loss 
are measured in German specifications” for gas welding 
rods for copper by depositing a bead on copper plate 4 
x 8in. preheated dark red. Flux is used, the rod diameter 
is selected according to the plate thickness and the torch 
must correspond with the size of the rod. The rod must 
flow uniformly, must not spatter and fume to any great 
extent and must form a fluid slag with the flux. 


In other fusibility tests the filler metal is deposited on 
weld metal or on the rod. Groebler*® found that the flow 
might be more viscous when the covered electrode was 
deposited on its own weld metal than on base metal. 
To observe the quality of oxyacetylene rods independent 
of the base metal, Holler® deposited the rod on another 
rod of the same lot. After each bead was deposited the 
rod*was turned and the next bead was deposited in the 
reverse direction. Eventually the deposit was machined 
into a tensile specimen. Rechtlich® bent a filler rod in 
two and deposited another piece of the same rod on the 
bent rod. Smoothness of surface, porosity and specks of 
slag on the puddle were noted. It was immaterial 
whether the rod was cold drawn. 


Adhesion Tests.—To evaluate the ability of filler metal 
to deposit satisfactorily on and cling to a vertical sur- 
face, special adhesion tests, called ‘“‘Kletter’’ tests in 
Germany, have been devised, Fig. 2. Type A appeared 
in German specifications” in 1933; German Railway* 
specifications in 1938 restricted its use to bare and cored 
electrodes and gas welding rods up to 0.20 in. diameter. 
The tee fillet, type B, according to the 1938 specifications 
of the German Railways**is for thin and heavy covered 
electrodes up to 0.16 in. diameter. One side may be de- 
posited with a.c., the other with d.c. Matting*® states 
that the vertical tee fillet welded up and down is re- 
placing the circle test. Besides the circle and fillet 
tests, Helin®® also used type C. In all adhesion tests 
Helin recorded: (1) diameter and length of electrode, (2) 
dimensions of bead, (3) gap between plates, (4) dimen- 
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sions of plate, (5) number of beads, (6) temperature of 
specimen (should not be over 100° C.), (7) current. 

Good adhesion (smooth bead without drip and under- 
cut) generally is exhibited*® by gas welding rods*! and bare 
electrodes, but with high carbon content for hard facing 
they may give poorresults. Heavy coatings* also make 
it difficult to secure good results in the adhesion test, al- 
though in 1938 Stieler stated that covered electrodes had 
been produced which yielded as good results as bare elec- 
trodes in the adhesion test. In 1934 Stieler*! found that 
results were bad for electrodes thicker than 0.12-0.16 in. 
because the puddle froze too slowly. By delaying freez- 
ing, coverings reduced the adhesion. It was impossible 
to secure good adhesion with a 0.47-in. covered elec- 
trode even on a slope of only 15°. In Piingel’s” opinion, 
poor adhesion accompanied shallow penetration and de- 
position in the form of large drops. It is a characteristic 
of electrodes, according to Leitner,” that small changes 
in their composition (no details) may exert a great in- 
fluence on adhesion. 

Using type A specimens with a vertical circle 4 in. 
diameter, Specht®* found that adhesion became worse 
with bare mild steel electrodes as the time of deposition 
decreased. The effect was less pronounced with bare low- 
alloy steel electrodes (0.12 C, 1.22 Mn, 0.33 Si, 0.40 Cu, 
0.09 Mo), which exhibited less satisfactory adhesion 
than the mild steel. If results on the vertical plate were 
satisfactory, the electrode was suitable for both vertical 
and overhead welding. As bare mild steel electrodes are 
cold worked to increasing extents, the results of the ad- 
hesion test become less satisfactory.™ 

To study adhesion, Meller® deposited a horizontal 
bead of bare electrode on a vertical, mild steel plate at 
8 in./min. With high current (280 amp., 26 volts) the 
weld metal hung in drops, whereas with low current 
(150 amp., 16 volts) the beads showed no tendency to- 
ward dripping. Unlike bare electrodes, covered elec- 
trodes often created undercut. In vertical and horizontal 
butt welding with 0.16-in. covered electrodes on vertical 
plates 0.47 in. thick, according to Jurezyk,® the increase 
in weight of the plates indicates the smoothness of the 
weld. Abnormally large increase corresponded with 
drops beyond the root and with irregularities in the weld. 


Blowholes 
Arc Welding 


Blowholes are undesirable. Although Fish” stated 
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Fig. 2—-Kletter Tests (A and B) 


A. Plate is */, to 1/; in. thick. Vertical and overhead* rec- 
ommended for copper gas welding rods, if rod was to be used 
vertical. 

B. Vertical and overhead.* 

C. Test used by Helin® who states that the test does not dupli- 
cate a tee-joint or any deposit between scarves which change 
the ability to cling to the surface. 
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that they were not so troublesome in pressure vessel 
welding as lack of fusion, Layton® believed that they 
were the chief difficulty in class I weld metal. Whereas 
Blomberg*® found that cracks sometimes start or end at 
blowholes, Pullin*® and others found no connection be- 
tween cracks and blowholes. Small blowholes unac- 
companied by other defects generally have little effect 
on mechanical properties. A French writer“ stated that 
numerous tiny blowholes from thin coated electrodes had 
no effect on tensile and bend properties. It has been dif- 
ficult for notch impact investigators to predict whether a 
blowhole will raise or lower the notch impact value of 
weld metal. Several investigators® “ state that 
blowholes, particularly chains of holes,” lower the ten- 
sile strength and elongation, although Meunier found 
“paradoxically enough” that porosity did not always 
lower the mechanical properties. The strength of re- 
duced section tensile specimens 1 in. radius, 1.2 in. wide 
at weld, 2.2 in. wide outside weld fell linearly in de 
Verdiére's® tests from 113,000 Ib./in.? to 66,000 Ib./in.? 
as the ratio of average thickness of defects (X-ray) to 
plate thickness rose from 1 to 24%. Covered electrodes 
were used and there was considerable scatter. Since 
only surface defects affect bend angle, de Verdiére found 
no correlation between blowholes and bend angle. Ata 
given reduction of area, blowholes tend to increase the 
elongation in the tensile test owing to local stretching at 
the holes.“ It is local stretching that may have ac- 
counted for the decrease in Young’s Modulus as blow- 
holes increased in Mies’ tests. Mies used the reduction 
in modulus as a measure of porosity. Although porous 
welds may have low fatigue strength”: “ on account of 
the notch effect of the holes, porosity is not a major 
factor in fatigue. 

It is believed that blowholes are beyond the control of 
the operator™: ** and are a fault of the electrode.‘ The 
surface appearance of the weld is not a reliable indicator 
of blowholes. Although ridged (humped) fillet welds 
were porous in Helin’s®® experience, others have found 
blowholes beneath the surface of beads having periect 
appearance. Peening may close blowholes.* ™ 

Tests —The well-known nick-break test for butt 
welds and usability test (A. S. T. M. A205-37T) for 
fillet welds reveal blowholes. Babcock** measured blow- 
holes (turn-down test) by depositing 8 layers (full weave) 
in a 60° groove */s in. wide at the bottom, */, in. deep, 
in a plate 1 in. thick, 8 in. long. He counted blowholes 
on the surface of the deposit and after successive '/59-in. 
cuts were made in a lathe to reduce the weld metal to 
0.505 in. diameter. The tensile fracture also was ex- 
amined for blowholes. 

Description.—As Swinden®™ points out, pressure above 
the surroundings is required to form a blowhole. Gas 
bubbles usually form only at discontinues in the liquid, 
such as the interface between the melt and a crystal or 
another blowhole. Blowholes are spherical or elongated; 
any mechanically churned gas probably will assume a 
spherical shape. Strelow® in 1927 found that elongated 
blowholes started at the fusion and extended halfway 
to the surface perpendicular to the isotherms of freezing. 
Elongated worm holes in fillet welds made with covered 
electrodes, according to Gardner*® in 1939, start at the 
root and follow the throat halfway to the surface. 
Blomberg*® and Lefring™ likewise found that elongated 
blowholes are perpendicular to the isotherms of freezing. 
The worm-hole shape of the tiny blowholes suggested an 
analogy to larger worm holes in some steel ingots. The 
holes in the ingots are perpendicular to the freezing sur- 
face and receive successive bursts of gas from surround- 
ing, freezing liquid. The successive additions of gas 
account for the worm-eaten shape. Elongated blow- 
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holes were reported by Green™ in arc welds in stainless 
steel. 

The walls of blowholes, spherical or elongated, always 
are shiny,® © never oxidized. Blomberg*’ stated 
without evidence that blowholes contained nitrogen, 
hydrogen, oxygen and reaction gases. Jenks" inferred 
that the gas in blowholes was mechanically entrapped 
from the are space, and found that the steel surrounding 
blowholes was decarburized. In unbeveled butt welds 
Lefring®™ found blowholes along the center line of the weld 
metal. Warner® observed that porosity at the root of 
butt welds (no reverse bead) in '/,-in. plates containing 
0.30 C, 3'/_ Ni often was accompanied by coarse crystal 
structure. Observing blowholes®/; in. long extending 
through successive '/s-in. passes, Jennings” concluded 
that blowholes formed in one pass may grow through 
later passes, and that the size of blowholes cannot be re- 
duced by reducing the thickness of successive layers. 

Rate of Freezing.—-Too rapid freezing is the most fre- 
quent cause assigned to blowholes. The rapidly freez- 
a lateral motion in depositing 14% Mn-5% Ni electrodes 
to retard freezing and thus to prevent blowholes. A 
general rule™: “ to prevent porosity is to keep the puddle 
molten as long as possible without overheating to permit 
bubbles to rise to the surface. For this reason coatings,*® 
especially the heat-evolving type,” discourage blowholes. 
The blowholes sometimes found where electrodes have 
been changed® *. or where welding has been inter- 
rupted” are attributed” to the rapid freezing of the first 
metal to be deposited. Blowholes in tacks” and in the 
first pass® may have a similar explanation. In John- 
son's” automatic 45° V butt welds in mild steel plates 
'/, in. thick made with */,s-in. hare electrodes, rapid 
cooling by a copper, instead of a steel, backing did not 
influence blowholes. 

Viscosity.—Blowholes are likely if the melt is insuf- 
ficiently hot for good fusion, according to Jenks.*° 
Blomberg*’ and others” state that blowholes occur if the 
melt has low fluidity just before freezing. Blowholes in 
18-8 weld metal may be caused” by too viscous weld 
metal. 

Surface Tension.—According to Lincoln Lessons,” 
a slag of low surface tension is essential for 14% Mn steel 
welds to prevent blowholes. 

Carbon Monoxide.—Followed by others, 7 7% 8° 
Ruder* in 1921 held that blowholes were bubbles of CO 
from the reaction of carbon with oxygen in the weld 
metal. Besides being the gas in blowholes in mild steel 
welds, CO has been said to be the gas in welds in medium 
carbon steel (Brennecke™) and cast iron.” Those*® * 
who find that Si and Mn prevent blowholes believe that 
these elements prevent CO by removing FeO from the 
melt. If the CO reaction is of unfavorable duration, 
blowholes are formed, according to DeGraaf.™ 

Hydrogen.—Deposits of unalloyed iron in hydrogen 
were full of blowholes, mild steel less so, in Doan’'s® 
tests. Without presenting evidence, others** have 
stated that hydrogen is the gas in blowholes. Owens™ 
stated that CO and hydrocarbons also were present. 
The blowholes in deposits from electrodes fresh from the 
pickling tank® perhaps were hydrogen. 

Gas Absorption.—The gas in blowholes may have been 
absorbed from the are atmosphere during welding, 
especially if the melt was overheated, and precipi- 
tated ™ © during freezing. 

Pressure.—As the atmospheric pressure was increased 
to 2'/. atmospheres (welding in caissons) in Gerrit- 
sen's® tests of covered electrodes, blowholes became more 
frequent, especially with some electrodes (no details). 

Composition of Base Metal.—Since no blowholes were 
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found by Doan’ ® in deposits on degasified unalloyed 
iron in argon, whereas deposits on mild steel under iden- 
tical conditions were full of blowholes, he concluded that 
the gas comes from the base metal. Svantesson,** how- 
ever, believed that blowholes were independent of base 
metal (mild steel). Increasing the carbon content some- 
times has increased blowholes. Over 0.28 C produced 
blowholes, according to Esslinger,*® and over 0.35 C 
according to Zeyen.™ On the other hand, in Leitner’s®® 
tests (bare electrodes) increasing the carbon content 
with constant Si and Mn decreased blowholes to the 
vanishing point. Theisinger® likewise found less blow- 
holes with 0.33 C steel than with 0.25 C, and none with 
0.50 C (S. A. E. steels) or with S. A. E. 4130 and 4150. 
Rapatz and Schiitz® reported less blowholes with the 
harder steels than with the softer, but whether Si played 
a part was not stated. The tendency of welds in 3% 
Ni steels toward blowholes” may have been an expres- 
sion of carbon content. 

Rimmed steel gave rise to far fewer blowholes than 
silicon-killed steel of the same carbon content in Leit- 
ner's™ study. Bare electrodes (0.09 C, trace Si, 0.47 
Mn, 0.019 S, 0.009 P, 0.16 in. diameter, 150-170 amp., 
17-20 volts) were deposited on plates 8 x 12 x 0.39 in. 
A longitudinal vertical section through the bead was 
polished and etched for blowholes. Weld metal con- 
tained 0.14—0.15 O* and deoxidizing it with insufficient 
silicon (killed steel) for some unexplained reason pro- 
duced large numbers of blowholes. Owing to their vis- 
cosity (metal or slag), steels with over 0.35 Si yielded 
most blowholes in Groebler’s” tests of low-alloy steels 
and eight different covered electrodes. Nevertheless, 
Leitner®™ found that blowholes vanished as the Si 
or Mn content of base metal rose above 1%. Covered 
electrode welds in aluminum-killed steels always had 
blowholes, according to Bolton and Smith.“ Lincoln 
Handbook™ stated that surface holes sometimes are 
found in the first few beads of covered electrodes (con- 
cave-bead type) at the root of deep-groove welds in steel 
containing abnormally high Mn, Si, Al or slag segrega- 
tions high in S and P. The holes are caused by exces- 
sively deoxidizing atmosphere and may be prevented by 
negative polarity. High sulphur and possibly phos- 
phorus content in base metal is a source of blowholes” 
in both metal arc and carbon are welding. The blow- 
holes are in the fusion line® and weld metal. The deeper 
the penetration, the more pronounced are the blowholes. 
In fact, shallow penetration” on the surface of a plate 
may not reach the segregations, although Rolfe’s results 
suggest that for thin steel, the segregations are reached 
with the shallowest penetration. 

Preheating.—In Leitner’s® experience (no details) 
blowholes were less pronounced as the temperature of 
base metal was increased. Miiller” recommended pre- 
heating to prevent blowholes in thick welds, and Zeyen® 
blamed inadequate preheat for porosity in hard facing 
(arc) deposits. It is customary” to preheat thick alu- 
minum parts to prevent blowholesin arc welds. Preheat- 
ing exerts its effect through retarding freezing, accord- 
ing to these authorities. Blowholes were unusually 
numerous in a weld made by Schuster*’ on mild steel 
plate preheated red hot, perhaps because scale was heavy. 

Scale on Surface.—Scale is a cause” '° of blowholes 
in arc welds. Svantesson*’ describes pinholes in fillet 
welds in mild steel covered with mill scale and rust if 
covered electrodes 0.13 in. diameter were used. With 
0.16—0.20-in. electrodes there were no pinholes. If the 
plates were cleaned before welding there were no pin- 
holes even with 0.13-in. electrodes. Although iron oxide 
obviously was the cause of the pinholes, their precise 
origin could not be stated. The pinholes occurred with 
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ten steels (0.11-0.26 C, 0.41-0.70 Mn, 0.00-0.25 Sj, 
0.016-0.037 S, 0.013-0.046 P). Contrary to these results, 
Groebler*® found more blowholes in covered electrode 
deposits on ground mild and low-alloy steels 0.39 in. 
thick than on the same steels covered with mill scale 
with or without rust. Paint on the surface to be welded 
has caused blowholes.'”° 


Thickness.—Using plates containing 0.09 C, 0.08 Si, 
0.45 Mn and 0.16-in. bare electrodes (150-170 amp., 
17-20 volts, 0.09 C, 0.47 Mn, 0.00 Si) moving at 39 ft. / 
hr., Leitner® found no blowholes in deposits on plates 
0.24 in. thick, but there were numerous blowholes on 
plates 0.51 in. thick, owing to more rapid freezing. 

Composition of Bare Electrode.—Blowholes were not 
found by Doan’® in deposits of bare, hydrogen-purified 
carbonyl iron electrodes in purified argon. Blowholes 
appeared if the iron was not hydrogen-purified, speci- 
fically if even a trace of oxygen was present in the elec- 
trode. Ruder* in 1921 showed that electrodes contain- 
ing high carbon or other ‘‘gas-forming elements’’ yielded 
blowholes. Confirming Doan’s results, occluded gas in 
the electrode had no influence on blowholes. High sili- 
con content in bare low-alloy steel electrodes favored 
blowholes, according to Schulz’*™ (1939), while Jennings!” 
reported a similar effect of chromium. Deposits from 
bare 18-8 electrodes are full of blowholes, according to 
Hougardy'’ (no details of welding conditions). 

Increasing the degree of cold work of an electrode in- 
creased the number of blowholes under identical welding 
conditions,” and at the same time increased the spatter. 

Composition of Core Rod and Weld Metal of Covered 
Electrodes.—High-grade rimmed steel (0.15 C, 0.50 
Mn), according to Welding Handbook, is the best core 
rod. Although Stine’ believed that aluminum in the 
core rod was a cause of blowholes, Helin®® found that Si 
and Mn prevent blowholes. Freeman’ showed that 
there were fewer blowholes with weld metal containing 
0.11 C, 3.13 Mn than with 0.11 C, 0.50 Mn. However, 
Babcock found no connection between silicon (0.12- 
0.28%) or manganese (0.10—-0.70%) in the weld metal 
and the number of blowholes. If conditions favored lit- 
tle loss of carbon from the electrode, blowholes were 
more numerous. Blowholes in deposits from 16% Ni 
electrodes were prevented” by adding a little Cr or Mo 
to the core rod. If the sulphur content of the core rod is 
excessive, blowholes are likely, according to Welding 
Handbook, the sulphur forming SO;. Pinholes and 
spongy appearance of weld metal from semi-basic or 
acid type of electrode were caused by high sulphur con- 
tent (0.070 S) of the electrode in tests by Helin and 
Svantesson.'” “Sulphur exerts some sort of concen- 
trating influence on other segregating constituents or on 
the secondary slag through lowering the viscosity and 
solidus.’’ Gaseous compounds of sulphur were not men- 
tioned. Unless pickled core rods are blued to remove 
occluded gas, according to Swinden and others*® blow- 
holes are likely. 

Coatings.—It is a sign of improper coating that the 
deposit, mild steel’ or stainless steel,” contains blow- 
holes. To seek a better coating is the best solution for 
blowhole problems.” Heavy covered electrodes® gener- 
ally yield fewer blowholes than thin coated. Esslinger'” 
believed that organic coatings yield gases that appear as 
blowholes, while Duma’®* associated blowholes with ab- 
sence of stabilizers in the coating. Unless the slag closes 
in directly behind the arc, there were tiny blowholes in 
Groebler’s* welds. Moist coatings favor blowholes.* 

Arc Atmosphere.—Owens® agrees with Esslinger that 
blowholes invariably occur if the arc atmosphere is 
principally CO, Hz or CHy. Doan's’® deposits in inert 
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gases contained blowholes if the atmosphere contained 
small amounts (1%) of oxygen. 

Crater —To Strelow®® in 1927 deep craters signified 
overheating and blowholes. DeGraaf* found that 
craters which were not remelted completely contained 
blowholes. Warner"™® described a crater which swelled 
during freezing and contained many blowholes. 

Arc Length.—Excessive arc length produces blowholes 
in deposits from bare’ and covered™ ™ elec- 
trodes. However, Warner’ stated that blowholes could 
be avoided by lengthening the are with bare electrodes, 
and Lincoln Lessons® cautions against permitting the 
coating to touch the puddle, which causes blowholes. 

Arc Blow.—aArc blow or flare, as Duma’ called it, 
associated with unsuitable grounding gives rise to blow- 
holes. Blowholes in deposits from dust coated electrodes 
studied by Hensel and Maddox" became less frequent 
with increase in magnetic field parallel to the arc. Al- 
though the field lowered the deposit efficiency, the angu- 
lar rotation (1000 r.p.m.) imparted to the globules may 
have influenced blowholes. 

Current.—Particularly with bare electrodes,®: 
excessive current causes blowholes, owing to over- 
heating®® "8 and gas absorption.“ In surface 
welding Zimm"™* found that excessive current led to 
elongated blowholes starting at the fusion line, while 
Zeyen™® found them in high carbon steel deposits made 
with too high current, which also is said” to be a cause 
of blowholes in stainless steel deposits. In 1930 Lefring® 
stated that current had no effect on blowholes. Horn 
and Tewes™ found more blowholes in deposits of identi- 
cal size of high carbon rail electrodes 0.20 in. diameter 
made at 220 amp. than at 165 amp. 

Inadequate current also favors® blowholes, for ex- 
ample in 25 Cr-20 Ni deposits,’ through “‘chill effect.’ 
De Verdiere® believed that any factor tending to lower 
the temperature of the weld favored porosity by hasten- 
ing freezing. Layton’s® statement that blowholes in- 
crease with depth of puddle may explain the effect of 
excessive current in preventing the rise of blowholes, 
despite the fact that an increase in temperature of the 
puddle retards its freezing. 

Welding Speed.—Depositing a bead from a bare elec- 
trode on rimmed steel at 16-26 ft./hr., Leitner® ' 
found no blowholes, whereas at 59-79 ft./hr. the deposits 
were full of blowholes. Likewise in Theisinger’s® tests 
there were far more blowholes in bare electrode beads on 
0.25 C steel (S. A. E. 1025) at 90 ft./hr. than at 20 ft./hr. 
In general, the deposits were free from blowholes if the 
rate of heat input was at least 64,700 joules/in. ‘“‘The 
puddling action of the slower speeds permits the molten 
metal to free itself of the gases which would be trapped 
if the melt solidified rapidly.” It is a rule with several 
authorities® that high speed favors blowholes. 


Gas Welding 


Blowholes in gas welds are said’ to be rare and to be 
beyond the operator’s control.“ F. C. Saacke states 
(private communication, November 1941) that blow- 
holes are rare in low-carbon steel gas welds but are not 
beyond the operator’s control. Blowholes are not rare 
in non-ferrous welding and are partly a function of the 
operator’s control and partly a function of the welding 
rod, flux and base metal. Although there has been no 
comprehensive description of blowholes or the gases 
they contain, the same reasons have been advanced to 
account for their appearance in gas welds as in arc welds. 
Rockefeller, Stursberg,’ and believe that 
too rapid freezing is the cause in steel, and the same 
cause applies for copper.“ To secure slow freezing 
Rockefeller™ holds a large puddle. Owens" believed 
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that the gas was absorbed during fusion or overheating” 
and was carbon monoxide from reaction of iron oxide in 
the weld with carbon in base metal. Blowholes in cast- 
iron welds also are believed to consist of carbon mon- 
oxide.* If the slag on the surface of the weld is too 
viscous™ 7 due to too high silicon in the weld, the gas 
cannot rise through the slag and blowholes are found at 
the surface of the weld. 

To avoid blowholes Critchett'* emphasized that any 
scale on the surface must be reduced to metal by the 
flame. Others™: ”* state that dirty base metal and slag 
react to form gas, which may appear as blowholes. 
Graphite on cast-iron scarves causes blowholes."° Bub- 
bling during welding is associated with blowholes in 
gas welding mild steel and rails, but not 
necessarily in gas welding copper. Geldbach'™ cites an 
experiment in which a layer of MgCl» flux bubbled vio- 
lently during welding, yet there were no blowholes in 
the weld. The weld metal did not bubble. Blowholes 
also may be associated with spatter.’ “ Blowholes 
in hard facing deposits, according to Zeyen,”: ™ were 
caused by excessive preheating, which favored admix- 
ture of iron with the facing. The iron may have reacted 
in some way with carbon and oxygen in the melt. 

Excessive oxygen in the flame caused blowholes in gas 
welds in Cr-Mo steel,'” high carbon steel,”° and in hard 
facings, * perhaps because scale on the surface was 
not reduced. Blowholes and volcanoes were found by 
Holler*® in welds made with an excess acetylene flame in 
mild steel. An oxidizing flame often is useful in pre- 
venting porosity in brass."* ™, If the acetylene con- 
tains 1% or so of phosphine or H,S or both, blowholes 
cannot be avoided. If there are gas-forming elements 
in the filler rod,* or if the mild steel rod contains over 
0.06-0.08 C and is not copper coated,” blowholes are 
likely. Mild steel base metal should be of suitable qual- 
ity for gas welding™* to avoid blowholes. Gassing from 
tough-pitch copper may cause blowholes in copper 
welds."* Young™ mentions peculiar blowholes (no 
details) close to welds in copper plates. Both too high 
and too low welding speed favors blowholes, according 
to a German firm,” particularly in alloy steels. 


Resistance Welding 


Blowholes, distinct from shrinkage voids (pipes) and 
other openings that may contain gas, occur in spot 
welds as smooth-sided, approximately spherical cavities. 
When the electrodes were vertical in Dussourd’s™ tests, 
the cavity was close to the upper electrode, perhaps be- 
cause the gas rose or because the lower part of the weld 
in contact with the lower electrode cooled more rapidly 
than the upper part. When the electrodes were hori- 
zontal, the cavity was on the plane between the plates, 
but was displaced upward; gravity must have been ef- 
fective. In spots 0.43 in. diameter, the blowhole did not 
exceed 0.04 in. diameter. Dussourd always found the 
hole if the strength of the weld was over 50,000 Ib./in.’, 
and generally if metal had been expelled between the 
steel sheets during welding. Thum,’ on the contrary, 
only found blowholes if there was no expelled metal. 

A study of spot welds in '/,-in. structural nickel steel 
plates (single lap, 1'/s-in. overlap, '/2-in. Elkalloy tip, 
various tip, loads and times) by Quinn'*® revealed blow- 
holes only in the fused slug. Often the blowholes were 
elongated parallel to columnar crystals (vertical section 
only was examined). Welds made with low energy had 
few blowholes and low strength. Pelton'® found radial 
worm holes near the circumference of the slug in the 
brittle fracture of a single-shear specimen of a pulsation 
spot weld in defective mild steel 1 in. thick. In the ver- 
tical section of a pulsation spot weld in a pack of 117 
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sheets of grit-blasted iron each 0.044 in. thick Cogan and 
Pelton™ found a large blowhole at the top and long, ra- 
dial blowholes lower in the slug, which resembled an ingot 
of rimmed steel. Mikhalapov'’® and Duma’ stated 
that blowholes in spot welds (no details) were related to 
volatilization of metal. There was indication of den- 
drites protruding from the wall of the cavity exhibited 
by Mikhalapov. 

Blowholes in flash welds were believed by Croskell'™ 
to be due to gas from slag inclusions or sulphur” in the 
steel. Likewise Blomberg™ ascribed blowholes in re- 
sistance butt welds in 0.45 C steel to reaction between 
inclusions of air and steel. 


Other Welding Processes 


Blowholes in atomic hydrogen welds in tool steel,’ 
other steels“ and 13% Cr iron are attributed to too rapid 
freezing. Slower welding prevents blowholes. Dissolved 
hydrogen was said to cause the blowholes in 13% Cr 
iron, and the same cause or some carbon-hydrogen reac- 
tion was believed by Séférian'®® to account for blowholes 
in atomic hydrogen welds in mild steel. Oxygen in die 
steels caused blowholes in a bead melted across the sur- 
face by an atomic hydrogen torch, according to Lied- 
holm. 

Seamy steel has produced honeycombed pressure 
welds.* 

In carbon are welding, Stine’ found that blowholes 
in the surface appeared in shielded atmospheres (autoge- 
nizer), not in oxidizing, unshielded arcs, and were pre- 
vented by flux. He believed that aluminum-killed steels 
were prone to blowholes. F. T. Llewellyn, discussing 
Stine’s results, could not confirm the effect of aluminum. 


Shrinkage Cavities 


The angular shape and rough, often oxidized surface 
of shrinkage cavities distinguish them from blowholes or 
gas cavities. Shrinkage of the metal and inadequate 
feeding account for shrinkage cavities. As Helin and 
Svantesson'” point out, some crystals grow far into the 
melt before the interstices containing metal of low melt- 
ing range have solidified. They illustrated several inter- 
dendritic shrinkage cavities, which were particularly prev- 
aient in craters, which are unfed. In 1932 Warner"? 
explained that bleeding of the crater causes the surface 
of the metal to sink, causing a shrinkage cavity after the 
arc was broken. Discussing a paper by Stine,’ Warner 
showed that some cavities at the surface of the weld at 
the edge or down the center are “solidification pipes’’ 
caused by excessive welding speed. The puddle was 
not sufficiently fluid to flow behind the arc, the metal 
freezing rapidly without feeding. Flux prevented the 
pipes presumably by retarding freezing and by improv- 
ing fluidity. Bierett™® stated that shrinkage cavities 
are favored by low heat input. 


Inclusions 


Inclusions in the present section will be “particles of 
impurities, such as oxides, sulphides, silicates and others 
which are retained by the metal during solidification or 
which are formed by reactions in the metal” (Metals 
Handbook). Inclusions are distinct from blowholes (bub- 
bles), carbides, nitrides and similar phases. Inclusions 
in welds are estimated by the nick-break test (A. S. T. M. 
A205-37T) and may be expressed™ as a percentage of the 
total surface which they occupy in the microsection. 
The term “porosity,” which is too broad for use in the 
review, may include both inclusions and blowholes. 


74-s WELDING RESEARCH SUPPLEMENT 


Two general types of inclusions are found in welds, 
as Dustin™“® pointed out in 1926: (qa) large, irregular 
inclusions and (6) small globular inclusions (“‘pepper’’), 
Hoyt" and Jevons and Wheeler’ recognized the same 
types, Jevons adding as a third type the oxide that fills 
cracks and cavities. Eight types of inclusions were dis- 
tinguished by DeGraaf:™ 


1. Slag in the valley between two previous beads 
submerged by a third bead. 

2. Slag too deeply embedded between two excessively 

convex beads to be removed. 

Arc strikes to bevel instead of to root of V welds, 
thus trapping slag at root. 

Slag flows ahead of the weld, freezes and is sub- 
merged by the advancing puddle. 

A large drop of slag spatters on the cold scarf, 
freezes and is not fused when the puddle passes 
over. 

6. Inclusions at a crater which has not been re- 

melted sufficiently. 

7. If too long an arc is used in overhead welding 
small holes appear in the bead. The oxide in 
the holes is submerged by later beads. 

8. Wall inclusions at the bevel which, through care- 
lessness, has not been melted. 


or 


Helin and Svantesson’” found three types of inclusions: 
(a) pieces of coating, (b) emulsified slag, (c) sulphide as 
interdendritic films. Among many coatings, the slag 
yielding weld metal most free from inclusions contained 
24% SiOz, 35% CaFs, 25% CaO, 5% FeO, 4% MnO 
and MgO. In Bannon’s” investigation some inclusions 
were interdendritic at the boundaries of columnar grains, 
others were within the grains. Owens® refers to ‘‘con- 
glomerates of alumina’’ from covered electrodes. Many 
illustrations of thin films of oxide in low carbon steel weld 
metal were discussed by Miller in 1920. Periodic slag 
inclusions on the top of a bead are described by Diat- 
lov."* Slag from the electrode gathered in the crater, to 
the lip of which the slag was pushed periodically by the 
arc blast. Moore™ observed that slag fibers in base 
metal were globularized at the fusion line. 

A peculiar inclusion discussed by several investigators 
is the “metallic globule” inclusion.“ A film of slag or 
oxide (no details) encloses completely or incompletely 
an approximately circular area of metal. According to 
Rawdon’ and others, 1°. 157 the inclusions are 
small metallic particles formed as a spray at the tip of 
the electrode and deposited on the solid crust surround- 
ing the pool under the arc. They are not fused into the 
metal which subsequently is deposited over them. 
Hoyt," without suggesting an alternative explanation, 
could not agree with Rawdon because every inclusion he 
probed was hollow. Polishing had swept a thin skin of 
metal over the cavity. Nevertheless, Miller’ stated 
that the films never enclose a hollow region, and Griffis” 
found that the metal globule inside the film often dropped 
out when the specimen was stressed. 

Inclusions, if they are small and rounded, seem to 
have little effect. Miller? showed that the thin films of 
oxide accounted for brittleness. Cracks sometimes ac- 
company angular slag inclusions, according to Pullin.” 
Although inclusions reduced tensile strength and duc- 
tility in Paterson’s® tests, they prevented excessive 
grain growth during heat treatment, provided the inclu- 
sions were not FeO. Hoyt suggested that the fine dis- 
persion of inclusions accounted for the fine grain size of 
weld metal. 

Some of the reasons advanced to explain blowholes 
have been applied to inclusions as well. Rapid freezing 
prevents rise of the slag to the surface if the gas weld 
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puddle is too small, according to Rockefeller." As the 
time of deposition of bare electrodes increased, inclusions 
became less frequent along the fusion line.* Too vis- 
cous slag*® during freezing or weld metal'”: ' is the cause 
of large inclusions. Slag on previous beads," especially 
in undercut™ or in crevices of low-fluidity weld metal,!” 
may appear as inclusions beneath subsequent beads. 
Although in are welding inclusions may be avoided by 
depositing thin layers, according to Welding Handbook, 
in gas welding (forehand) Rockefeller™ uses large pud- 
dies to prevent inclusions. With backhand and multi- 
layer welds, the smaller puddles show cleaner weld metal, 
according to F. C. Saacke (private communication, 
November 1941). Large inclusions in flat position 
welds may be related to the attempt by an inexperienced 
operator to deposit too large a bead for the electrode.** 
An oxidizing flame” causes oxide inclusions in oxyacety- 
lene welding. Dirty base metal surfaces also favor 
inclusions,” which become more numerous in Free- 
man’s’ investigation in 1931 as the thickness to be 
welded was increased. To avoid inclusions Ronay'™ 
states that the interpass temperature should be 100- 
150° C. (200-300° F.). 

Many authorities*®. agree that large slag 
inclusions in arc welds arise from incorrect manipulation 
of the electrode. Looping motion in which the arc 
passes over molten slag favors inclusions.“ Welding 
Handbook™ states that the electrode should be at an 
angle to blow the slag away from the puddle, which sug- 
gests a possible reason for the defect described by Diat- 
lov."* Inadequate current'™ or speed™ has caused 
inclusions, which are favored by excessive are length.™ 
A long arc (28-30 volts instead of 20) in automatic welds 
examined by Paterson’ accounted for slag inclusions. 


Flow 


There is no way of expressing quantitatively the flow 
of filler metal and weld metal. Some of the fusibility 
tests exhibit the flowing capacity of a rod or electrode. 
In arc welding viscosity® is important. German speci- 
fications’ in 1933 required that the slag from covered 
electrodes should have low viscosity. Lebrun’ stated 
that the fluidity of the electrode is reflected in the shape 
of the bead. Fluid electrodes are suitable for the flat 
position only.” Whereas molybdenum has a good ef- 
fect on flow,’ bare electrodes with 3% Ni” were found 
to have wild flow, and Hess'™ showed that weld metal 
from bare electrodes containing aluminum was too fluid 
for good deposition, owing to the heat created by the 
reaction of aluminum. The rustier the surface in Groeb- 
ler’s* tests of covered electrodes, the more fluid was the 
slag but the less fluid was the weld metal, on account of 
pick-up of iron oxide. Apart from the higher FeO con- 
tent of bare electrode weld metal, which is not so fluid 
as metal from covered electrodes, larger variations in 
arc length are permissible with covered than with bare.'™ 
Ronay” showed that 0.10 C bare electrodes deposit dur- 
ing only 56% of the time, whereas covered electrodes 
deposit 85-95% of the time. 

Surface tension of the slag® also influences the indefi- 
nite quantity known as “‘flow.’’ Low surface tension of 
the slag is essential, according to Garriott," if the slag 
1s to cover the deposit. Too low surface tension and vis- 
cosity of the slag cause it to follow the arc too closely®: 
and the rate of travel must be increased, the depth of the 
bead accordingly being decreased. Complete Welder 
lengthens the arc momentarily if the slag flows in front 
of the electrode, for it is an indication that the arc has 
been shortened before the plate has been preheated suf- 
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ficiently. The size of the globule has been used to indi- 
cate the flowing quality of bare electrodes. Kessner 
and Specht,* who showed that cold working the elec- 
trode decreased the size of the globules, found that the 
results of the drop number test were unrelated to welding 
quality. Small changes in the composition of the elec- 
trode have a great effect on globule size, according to 
Leitner® (1936). Ronay® '** found that globule size 
decreases with increase in carbon content, because low 
carbon steel (0.03 C) has higher viscosity than steel 
containing 0.26 C. Consequently, more molten metal 
accumulated at the tip of the low carbon rod before 
transfer occurred. 

The crater in are welding is found if the electrode is 
negative.’ The sharper the tip of the carbon in carbon 
arc welding, the deeper is the crater.’ Several hypothe- 
ses of crater have been advanced. According to Alex- 
ander,'” splash of globules and electromagnetic inter- 
action (no details) accounted for crater. In 1932 
Doan™: ' believed that pressure at the cathode and low 
surface tension (hot metal) at the center of the crater 
caused the depression. Later Doan'* found that oxygen 
was essential, but that surface tension was important. 
The crater (measured after freezing) from covered elec- 
trodes is shallower than from bare. During freezing the 
crater may be bled and may sink, or it may evolve gas 
and may swell, as Warner"® showed. Methods of break- 
ing arc to control the crater are described in Welding 
Handbook. 

Quiet flow of weld metal in gas welding'’ does not nec- 
essarily signify good welds nor is spatter related to flow- 
ing quality.“ Excess oxygen in the flame causes bad 
flow,® while in Stursberg’s’ tests the slag became viscous 
if the Mn and Si content of the rod was raised. Accord- 
ing to Kinzel,™ the rod flows more quietly if the steel is 
deoxidized first with Mn in the furnace later with Si, 
than if Si is in the furnace, particularly in the early 
stages. Rechtlich® observed that aircraft tubing with 
0.59 C, 0.63 Mn, 0.34 Si did not flow so readily in oxy- 
acetylene welding as 0.35 C, 0.52 Mn, 0.45 Si. Filler 
rods 0.05 in. diameter made by Bardenheuer"™ from high- 
frequency furnace melts containing 0.01-0.07 C, 2 Mn 
and up to 23.6 Ni had as good flowing qualities in the 
neutral oxyacetylene flame as unalloyed rods. Good- 
ger’”® mentioned a light scum that formed on superheater 
tube weld metal if the rod contained excessive chromium. 

Two types of drops from copper filler rods were dis- 
tinguished by Geldbach: (1) easy flowing with smooth 
surface, (2) viscous flowing with rough, non-spherical 
surface. The drops were formed on rods 0.20 in. diame- 
ter with a neutral oxyacetylene flame suitable for weld- 
ing copper sheet 0.02—0.04 in. thick. Interpreting high- 
speed movies of the end of the vertical rod after a drop 
had fallen, Geldbach found that the end of rods with 
good flow was hemispherical, whereas the end was 
pointed if the flow was bad. Alloying elements such as 
phosphorus removed the oxide skin from electrolytic 
copper drops. On the contrary, 0.02 Al yielded a vis- 
cous oxide coating. Geldbach concluded that the vis- 
cosity of the metal was less important for flow than the 
surface tension of the oxide. The capacity of a copper 
rod to be molded into place in vertical and overhead 
welding was imparted by a wide solidification range, 
which in turn was secured with 0.1 Ti. 

The atomic hydrogen puddle is very active at first 
but quickly becomes quiet, according to Catlett.’ 


Bubbling 


Bubbling of a weld puddle signifies that bubbles of 
gas are rising to the surface. Bubbling also is known 
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by other names, such as frothing, foaming, boiling and 
heaving. Boiling of the metal generally is not involved. 


Gas Welding 


The literature contains no quantitative measurements 
of gas evolution and composition from weld puddles 
under defined conditions. A comprehensive study of a 
type of bubbling known as frothing has been made by 
Séférian®® “° and Swinden and Sutton.'” In the lat- 
ter’s tests frothing occurred on the under side of butt 
welds made with an oxyacetylene torch in mild steel 
*/s2 in. thick containing 0.21-0.23 C, 0.53-0.56 Mn, 
0.025—0.047 S, 0.024—0.035 P, 0.0055-0.0155 Os, 0.0001 
He, 0.004 Ne. Silicon was 0.01% in steel that frothed; 
with 0.05 Si frothing occurred only at the end of the bead, 
whereas with 0.21 Si there was no frothing. Frothing 
was accentuated by 0.05 Sn, or 0.18 Cu, or 0.12 Ni. 
Swinden and Sutton concluded that, while silicon is the 
cure, “‘the equilibrium conditions in the furnace at tap- 
ping also have an important bearing on the behavior of 
the steel during remelting in welding.’’ Some reduc- 
tion in frothing was effected by placing strips of steel in 
contact with the sheets during welding. A boiler plate 
'/s in. thick that did not froth was less fluid under the 
welding flame than the extremely fluid sheets which 
frothed. Type of flame and type of filler rod (none, or 
unalloyed iron, or 1.5% Mn steel) had no effect. 

In Séférian’s®: study of the spongy excrescences 
on the reverse side of oxyacetylene welds in mild steel 
sheets (no details), three possible sources of gas were 
mentioned: (1) dissolved in base metal, (2) absorbed 
from the air or the atmosphere of the flame during weld- 
ing, (3) reaction. The first type was believed to have no 
significance, although early investigators*: * blamed gas 
and slag content (no details) of base metal for bubbling. 
The second type also was excluded, except under extra- 
ordinary circumstances. The condition for foaming 
was a concentration of CO = dc at a distance dx, of the 
center of the FeO-C reaction from the surface of the pud- 
dle. Since the reducing oxyacetylene flame prevented 
CO in the upper part of the weld, frothing occurred at 
the root. There were three remedies: (a) Lower the 
carbon content (no details) or increase the content of 
deoxidizing elements, Mn and particularly Si. Above 
0.15-0.20 C no foaming was observed, contrary to 
Swinden and Sutton. For steels with up to 0.30 C the 
following conditions prevented frothing: Si/c > 1; 
Mn/c > 4. (6) Use a deoxidizing flux containing Si. 
(c) Use a protective atmosphere, such as hydrogen, to 
prevent FeO. 

Bubbling, in general, has been ascribed to CO from the 
reaction of iron oxide with carbon or iron carbide.” 
Hydrogen" (no details) in rod or puddle also may cause 
bubbling. Another well-substantiated cause”: has 
been phosphine and hydrogen sulphide as impurities in 
the acetylene. Burying the cone of the flame in the 
puddle has caused"*' bubbling of rail welds, especially if 
the flame is oxidizing. Stursberg’ also found that an 
oxidizing flame promoted bubbling, but Swinden and 
Sutton’ did not. Overheating may be a cause,” as 
well as gas and slag in the filler rod.“ According to 
Weidle,* “rising,”’ which is due to large bubbles, is 
favored by heavy slag and rapid solidification of the sur- 
face. Bubbling of 18-8 welds is related to pick-up of 
carbon upon holding the tip too close to the puddle. 
According to F. C. Saacke (private communication, 
November 1941), gassing in 18-8 welds is more closely 
related to the reduction of oxides in the molten puddle 
which form readily during welding when the proper 
protection is not available. Pushing the tip too close 
to the puddle causes overheating and rapid oxidation. 
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Pick-up of carbon is not the prime cause of bubbling be- 
cause 18-8 flows very quietly and smoothly under a 
highly carburizing flame but unfortunately gets quite 
brittle. Hook"** maintains a heavy slag on leaded bronze 
welds to prevent bubbling. A German specification® 
for copper welding rods permits no foaming when the 
rod is deposited. 

Blowholes accompanied bubbling caused by phosphine 
and H2S in the acetylene’® and by overheating,” but 
not if the bubbling occurred only in the flux layer.’ 
Several authorities’: *» *! found that spatter accompan- 
ies bubbling. 


Arc Welding 


Bubbling occurs at the surface,"° not at the root. 
As Leroy' points out, although weld metal should be 
calm and free from gas evolution during freezing, it is 
difficult to secure agreement about the degree of calm- 
ness. Besides affecting appearance” and possibly hinder- 
ing the operator, bubbling favors concave fillets, removes 
other dissolved gases, aids in separating slag from weld 
metal, and by agitating the growing crystals refines the 
grain structure.'*? Blowholes have accompanied bub- 
bling.®*’: Bubbles are carbon monoxide®: from the re- 
action of iron oxide with carbon. If the base metal con- 
tains silicon, * evolution of CO is prevented. Gas dis- 
solved (no details) in mild steel was believed by early 
investigators*®: ® to cause bubbling. In one instance 
bubbling increased as the acidity of the coating was in- 
creased. Bare electrodes for 14% Mn steel bubble if 
overheated, according to Lincoln Lessons.” The sluggish 
bubbling was prevented in 1931 by using reversed polar- 
ity." If the electrode contains 5% Ni it may bubble 
more than plain 14% Mn electrodes.'* 


Other Welding Processes . 


According to Catlett,“© the atomic hydrogen weld 
puddle bubbles actively when first melted, but quickly 
becomes calm. Bubbling is said to arise from oxygen in 
the steel and gives rise to blowholes in atomic hydrogen 
welds. 

Owing to absorption of carbon by Armco iron, a short 
are in carbon are welding caused bubbling in Doan’s'! 
experiments. 


Spatter 


Arc Welding 


Of the weight of the core rod of an electrode, the per- 
centage that does not appear as weld metal often is called 
spatter, which for ordinary purposes includes loss metal 
by reaction with slag or atmosphere, by volatilization 
and, most important, by spattered liquid globules. In 
Ter Berg’s™ test of a covered electrode (0.20 in. diame- 
ter, mild steel core rod, ferrous and ferric oxide coating 
with quartz, aluminum silicate and potassium water- 
glass) 18% of the metal was lost. Less than 0.5% was 
lost by volatilization and 4.8% was lost by core rod re- 
acting with and joining the slag. Reaction loss usually 
is included in spatter loss."* Depositing °/3:-in. mild 
steel bare electrodes at 100 in./min., 150 amp., 20 volts 
on a polished plate, Doan™ observed large globules in 
the path of the electrode, spray or spattered globule of 
metal oxidized to a great extent to FeoO, on either side 
of the path, and a small quantity (no details) of red ox- 
ide, which represented metal which had evaporated 
from the electrode. Paterson™ stated that loss by vola- 
tilization increases as the current rises (no details), and 
Leitner** pointed out that fumes from coated electrodes 
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generally do not represent loss of core rod by volatiliza- 
tion. It was Roberts’ belief that only a half of the loss 
of bare electrodes occurred through spatter. The dis- 
tinction between the different sources of loss has been 
understood by nearly all investigators, but for the sake 
of expedience measurements of spatter nearly always 
include loss by reaction and volatilization as well. 

The Navy Deposition Efficiency Test described by 
Ronay™ includes spatter, slag and vaporization, and 
minimum values are 65% or 85% depending on type of 
electrode. Ter Berg'® measured spatter by making a 
weld 0.79 in. wide on a steel strip 1 in. wide, which rested 
on a thick copper plate. Although Ter Berg assumed 
that all spatter fell on the copper plate, a small propor- 
tion of globules doubtless fell in the path and wake of the 
electrode. Hensel and Maddox" divided the increase 
in weight of the plate (no details) on which a bead was 
deposited automatically by the weight of electrode con- 
sumed to express deposition efficiency. The accuracy 
was estimated to be +0.5% of the weight of deposit. 
A plate 1 ft. square was completely covered by Wallin 
and Schade'*® with a single layer of weld bead. The 
plate was weighed before and after welding and clean- 
ing. Since only 7% spatter was reported for electrodes 
'/s and */, in. diameter, it is possible that a considerable 
proportion of spattered globules were submerged by 
later portions of the bead, as Roberts’ suggested. He 
deposited metal on the cross section of a round bar to 
avoid incorporating spatter in the deposit, but the 
method did not duplicate ordinary welding conditions. 
Specht* measured spatter by weighing a plate 4 x 7 x 
0.47 in. before and after depositing four beads 6 in. long. 
The weight of bare electrode that was consumed also 
was measured. A similar method was used by Sande- 
lowsky,”° who showed that spatter from a bare electrode 
0.16 in. diameter (electrode = 0.08 C, 0.46 Mn, weld = 
0.01 C, 0.03 Mn) was minimum (5%) at 150 amp. for 
straight polarity and at 200 amp. for reversed polarity. 

The spattered globules from a bare iron electrode in 
argon were iron, Doan'® found. Spatter in air cannot 
escape partial or complete oxidation. Although some 
authorities”: '* believe that spatter may come from both 
the weld puddle and the molten tip of the electrode, 
Newell’ stated that the tip of the electrode was the 
source of spatter. He found cavities in solidified tips, 
but he did not account for the cavities occasionally found 
in craters. Taran'® also believed that all spatter came 
from the tip of the electrode, because the spattered 
globules in welding hypereutectoid steel with high car- 
bon and low carbon (0.17 C) electrodes had the micro- 
structure to be expected from the electrode. The spatter 
from the high carbon electrode exhibited cementite 
needles in austenite, whereas with the low carbon elec- 
trode the spatter contained almost no cementite or pearl- 
ite. Those who found that spatter was created by in- 
stability of the arc believe that spatter comes exclusively 
from the tip of the electrode. 

There are several hypotheses* of spatter. An unsteady 
arc may throw globules outside the weld puddle, accord- 
ing to Doan.* If the are spreads or deflects an inch or 
so, the globules of weld metal carried with it fall outside 
the puddle, as Joublanc'’* and Owens® pointed out. 
Explosions combined with an unstable arc characterize 
some hypotheses. In Joublanc’s’ hypothesis, as the sur- 
face tension of the molten metal at the tip increases, the 
globules increase in size, and the tendency to explode and 
spatter is increased. Newell adopted a similar explana- 
tion, but gas in the electrode exploded, whereas Jou- 
blane believed that the explosion was vaporization of 
metal or was occasioned by a reaction among iron, 
oxygen and carbon. Osborne'™ stated that incorrect 


generator characteristics gave rise to high surges of cur- 
rent through the arc. The surges caused explosions of 
globules of molten metal in the arc. Owing to instability 
of the arc and the wandering of the cathode spot, which 
caused surges of current, Newell'®' believed that the 
surges gave rise to explosive expansions of gas in the glo- 
bules at the tip of the electrode. The explosions ejected 
spatter. Short circuits due to gas from the coating 
smothering and extinguishing the are are a_ possible 
source of spatter.'® 

Explosions of non-metallic inclusions in the are also 
may cause spatter.“ Helin'” found that spatter was 
increased if the rod contained seams or numerous slag 
inclusions. The inclusions may have affected arc sta- 
bility. For example, Sack'® and Newell’ stated that 
gas dissolved in the rod may form a bubble under the 
drop and, if it is eccentric, may cause spatter. How- 
ever, gases, if they are dissolved in solid steel, doubtless 
will remain dissolved in liquid steel. Other sources of 
gas for the explosion are: (1) hydrogen”: '* dissolved 
in rod or puddle and evolved during cooling (the gas does 
not explode with oxygen, but merely rises violently 
through the surface of the metal), (2) reaction™ of iron 
oxide with iron carbide to form bubbles of CO, (3) dis- 
sociation’ of FeS and MnS in the rod and volatilization 
of sulphur or oxidation® of sulphur to SO;. In Con- 
rady’s'” opinion, the force of the arc is sufficient to ac- 
count for spatter. The force acts as a hammer blow on 
the tip of the electrode, and converts the liquid to spray. 

Besides the factors that have been mentioned, many 
other factors have been found by observation and meas- 
urement to influence spatter. It is proverbial that coat- 
ing constituents” affect spatter either through evolving 
gases that smother or extinguish *the arc, or through 
stabilizing the arc. Unusually high spatter is associated 
with organic covered electrodes, according to Layton,™ 
Garriott’ and Esslinger.'% All-position electrodes '/ 1» 
in. diameter (20-35% organic constituents in coating) 
had 19.7% spatter at 175 amp., 34.0°% at 225 amp. in 
Esslinger’s® tests. In one test half the electrode was 
lost as spatter. The coating was 10.7% by weight of the 
electrode. Fillet and downhand electrodes with only 
14% organic constituents in the coating exhibited only 
15-16% spatter at deposit rates of 3.85-4.44 Ib./hr. 
Garriott" found that CaCO; decreased spatter, while 
arc stabilizers such as titanium in rod or coating de- 
creased spatter, according to Joublanc.'” If the elec- 
trode contained over 0.1% Si, its arc was unstable and it 
spattered excessively, Owens® found, whereas addition 
of manganese improved the arc stability. In the flat 
and vertical position bare electrodes spattered more than 
covered, according to Jurezyk.” Cored electrodes spat- 
ter to the same extent as covered.” Thin-coated elec- 
trodes spattered more than thick in Warner’s''® experi- 
ments, but the nature of the coating also had an effect. 

Although high and low current produced about the 
same spatter in Hensel and Maddox’s' tests of dust- 
coated automatic electrodes, excessive current has been 
a major cause of spatter in other investigations with 
bare and covered mild steel and stainless steel elec- 
trodes.**: 7. 76, 9, 103, 108, 116, 164, 1% Tn 1925 Frimaudeau'” 
found that as current was increased from 40 to 90 amp., 
the spatter fell from 30 to 12% to rise to 40% at 170 
amp. (no details). The spatter in Kendl’s'® tests of 
0.24-in. coated electrodes increased from 10% at 190 
amp. to 30% at 360 amp. Piingel"” in 1931 reported that 
spatter increased linearly with current; for example, 
from 6% at 100 amp. to 12% at 180 amp. for 0.16-in. 
bare electrodes. Spatter from bare electrodes 0.12 
0.24 in. diameter, according to Poniz,'®® increased from 
5% at low current (no details) to 15% at high currents. 
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Spatter is high if the polarity is incorrect.'"* A covered 
electrode mentioned by Warner®”’ behaved like a Roman 
candle on straight polarity (electrode negative), but 
spattered scarcely at all on reversed polarity, in agree- 
ment with Gerritsen. In Hensel and Maddox’s!" 
study of dust-coated, 0.10 C electrodes */ 4. in. diameter 
reversed polarity yielded 2 or 3% lower deposition ef- 
ficiency than straight. Greater differences were re- 
ported by Poniz'®® for bare electrodes 0.12—0.24 in. di- 
ameter. At high current the spatter was 51% for 
straight polarity (electrode negative), 30% for reversed. 
Spatter is the same on d.c. as on a.c., Stieler™ found, 
but Esslinger'’ observed more on a.c., while Villiers,?” 
who could supply no explanation of the effect, took it 
for granted that covered electrodes spattered more on 
d.c. than on a.c. at high current. 

According to Lincoln Lessons” and Doan,® a long arc 
is accompanied by high spatter loss. Meller''* found that 
spatter rose from 8 to 40% as arc length was increased 
from 0.10 to 0.28 in. with 0.16-in. bare electrodes at 170 
amp. Doubtless the power increased as the arc was 
lengthened. Testing */).-in. dust-coated automatic 
electrodes (0.10 C), Hensel and Maddox! showed that 
increasing the arc voltage from 14 to 28 decreased the 
deposition efficiency from 78 to 40% if a magnetic field 
of 2400 amp. turns was applied parallel to the arc. The 
magnetic field generally increased spatter. Magnetic 
blow®: ' also increases spatter. Green*” attempted to 
estimate the degree of spatter from the sound of the arc. 
The shorter the time required to deposit bare mild steel 
and low-alloy steel electrodes in Specht’s® investiga- 
tion, the greater was the spatter, other conditions being 
the same. However, spatter was independent of welding 
speed in Leitner’s'™ tests. The welding speed was 
varied from 25 to 75 ft./hr., the spatter being 17% (bare 
electrode 0.20 in. diameter, 17-20 volts, 200-220 amp.). 
Raising the pressure of the atmosphere in which welding 
with covered electrodes was performed to 2'/, atmos- 
pheres increased the spatter, according to Gerritsen.* 
Jensen’ stated that spatter is not related to penetra- 
tion, Joublanc' and others™: found that annealed 
electrodes spatter less than hard drawn. It was not cer- 
tain whether the small increase in resistivity and de- 
crease in thermal conductivity were the cause, or whether 
the energy of cold working in the steel accounted for the 
effect. It has been said without evidence that electrodes 
that have pearlitic'” microstructure instead of spheroi- 
dized or that are abnormal’ instead of normal in the 
McQuaid-Ehn test tend to spatter. 


Gas Welding 


Although no detailed study has been made of them, 
the spattered globules in gas welding appear to be iron 
oxide with or without metallic iron. By collecting the 
spatter from filler rods and from plates each melted 
separately with the torch, Stursberg’ proved that spatter 
may come from both the end of the rod and the weld 
puddle. Spatter always accompanied bubbling,’ and 
other authorities® ® state that spatter signifies blowholes. 
Holler* found that 40% excess acetylene suppressed 
spatter but favored blowholes. Stursberg’s’ conclusion 
that spatter is created by bubbles breaking the surface 
of the drop or puddle into spray seems reasonable. The 
bubbles were CO or H.O derived from reaction of iron 
oxide or oxygen dissolved in the steel with carbon or hy- 
drogen from the steel or flame. Wiss believed that iron 
carbide is preserved by rapid heating to react explosively 
with FeO in the melt. The explosion of non-metallic 
inclusions in the flame (no details) also has been ad- 
vanced® to account for spatter. Spatter seems to have 
no effect on welding, except that it may collect on the 
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rod in forehand technique.* German specifications® 
require that copper welding rods exhibit no spatter. In 
boiler welding Weidle™ stated that backhand technique 
creates less spatter than forehand. 

Flame setting controls spatter to a great extent. 
Excess oxygen favors spatter with aircraft tubing, 
rails®: and mild steel.“® Backhand welds (60° V 
butt, flat position in plates 6 x 10 x 0.39 in., 0.10 C) were 
made by Holler* with an automatic torch and different 
setting. Spatter was excessive (visual examination) 
with 20% excess oxygen and worse with 40% excess 
oxygen. As excess acetylene was increased from 10 to 
30%, spatter was reduced. Although Stursberg,’ using 
the apparatus in Fig. 1, confirmed the effect of excess 
oxygen in increasing spatter, he found that excess acety- 
lene in the rod test had the same effect, Table 1. 
Excess acetylene caused spatter with the low carbon 
rods because, according to Stursberg, they were rimmed 
and had no Si. Although Stursberg did not explain the 
increased spatter of the higher carbon rods with excess 
acetylene, it is possible that carbon pick-up made the 
drops more fluid, which may have made them more sub- 
ject to spatter and sparking. In the plate tests excess 
acetylene reduced spatter. 

The composition of the filler rod affects spatter. In 
Stursberg’s tests a rod containing 2.03 Mn exhibited less 
spatter, Table 1, than a rod of similar composition, con- 


able 1—Spatter in omen Welding. Stursberg’ 


Rod Test, Fig. 1 


Spatter* at a Mix- 
ture Ratiot of 
0.8 1.0 1.6 


Composition of Rod, % 
te Mn Si P 


0.05 0.26 0.03 0.006 0O 1 3 

0.28 0.40 0.07 0.015 0.038 3- i— 4+ 
0.58 0.73 0.15 0.017 0.022 2+ 1 5- 
0.30 2.03 0.17 0.016 0.022 2— 1 2+ 


Plate Test, Fig. 1 (No Details) 
Spatter in Grams at 
Composition of Plate, % a Mixture Ratiot of 
Mn Si Pp S 8.4.1.6 
0.35 0.66 0.19 0.083 0.025 2 5 9 7” 
0.08 0.44 0.12 0.044 0.021 3 6 12 12 16 


* Estimated by visual observation: (1) scarcely any, (2) a 
little, (3) considerable, (4) large, (5) very large. 
+ Mixture ratio is ratio of oxygen to acetylene by volume. 


taining only 0.40 Mn. Weidle* stated that spatter is 
reduced by raising the Mn and Si content of the rod. 
The effect of silicon in reducing spatter was exerted 
through increasing the viscosity of the slag, according to 
Streb,“: ® who also believed that oxides in the rod 
cause spatter. Although high slag viscosity mav corre- 
spond with low spatter,“ Weidle* found no connection 
between spatter and the flowing qualities of the rod. Too 
large a rod increases spatter. In Rechtlich’s tests of 
aircraft tubing, steel containing 0.59 C, 0.63 Mn, 0.34 
Si, although more sluggish, spattered more than a tube 
containing 0.35 C, 0.52 Mn, 0.45 Si. Burying the cone 
of the flame in the rail welding puddle produces a 
shower of spatter." A German firm” stated that slow 
welding speeds favored overheating of the puddle and 
consequently favored spatter. 


Surface Appearance 
Arc Welding 
Of the numerous features of a weld bead the most 
important seem to be its uniformity and smoothness, 
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and the contour of its cross section. 


In the following 
paragraphs uniformity and smoothness will be discussed 


first, with particular emphasis on ripples. Undercut 
and lack of fusion are the subjects of separate sections. 

A good weld from a covered electrode may be recog- 
nized, according to Bessel,?® by the uniformity of the 
ridges or ripples, which resemble fish scales. However, 
Warner*” found that uniformity of ripples signifies uni- 
formity of arc conditions, but nothing more. Appear- 
ance is not related necessarily to cracks and blow- 
holes." Uniform, smooth beads are important for high 
fatigue strength. Appearance is ruined®®: by 
inexpert manipulation of the electrode. 

Ripples on the surface of the bead are said® to be re- 
lated to ripples that are found near the lip of solid cra- 
ters. However, the ripples in the crater are smaller and 
of shorter wave length than the ripples in the bead, 
which, in the absence of a better explanation, may be 
attributed to periodic growth of crystals and supercool- 
ing of the melt during welding. According to Sticpe- 
wich,” reducing the speed of solidification of weld 
metal (1 cu. in. of cellular slag per in. of bead, which was 
deposited at the rate of 0.4 cu. in. of weld metal per in. of 
bead) reduces the prominence of the ripples. On the 
contrary, Specht® observed no difference in appearance 
of bare electrode beads deposited on plates '/, and '/» in. 
thick despite difference in rate of cooling. Ripples be- 
come pointed": 2" and may disappear,’ if the current 
and speed of welding are excessive. Helin®® observed 
ripples on vertical fillets but not on overhead fillets. 
Welding Handbook® states that the angle of the electrode 
to the surface affects ripples. The troughs between 
beads in cross weave are deeper,”” the lower the current 
and speed. Slag became difficult to remove from the 
weld when it was high in FeO, according to Helin,*° 
while Leitner® claimed that slag was easier to remove 
from deposits made with cored electrodes than from 
covered. Lincoln Handbook™ states that allowance for 
proper cooling facilitates removal of slag. 

Overheating is said'"® to cause a rough, porous sur- 
face. In Paterson’s'® investigation the surface was 
deeply pitted by reactions between weld metal and slag 
if the metal contained over 0.55 Mn, no matter what 
coating was used (no details). No one has confirmed 
Paterson’s observation. High sulphur content'” caused 
pock marks in the surface of weld metal which were caused 
in Lefévre’s®* tests by inadequate current, a general cause'™ 
of rough surface. Warner"® observed solidification 
pockets along one or both edges of fillet welds from heavy 
covered electrodes yielding concave fillets. High welding 
speed prevented the pockets by preventing interference 
from the slag. Too rapid freezing seemed to cause the 
pockets. Complete Welder described similar pockets 
arising from deflection of the weld by arc blow and from 
insufficient weaving Too viscous slag has yielded rough 
beads.* Appearance of oil well casing welds is governed 
to a large extent by the diameter of the electrode.*® 
The current from constant-voltage and constant-energy 
generators, Ronay® states, varies greatly with small 
changes in arc length. Consequently, the bead is ir- 
regular. Uniform appearance required a constant- 
current generator, Ronay found. Lincoln Lessons” at- 
tributes oxidized surface to excessive arc length. ‘The 
globules have a long way to go,”’ and the arc atmosphere 
is diluted by air. Burned appearance with a line of porous 
metal along the center of the surface was due to exces- 
sive current or too slow speed.'* Composition of base 
metal affected appearance in Groebler’s* investigation, 
smoother beads from 0.13-in. covered electrode being 
deposited on Cr-Cu low-alloy steel than on the Mn- 
Si-Cu type. High melting point of the plate favored 
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rough beads. Neatness is not related to penetration nor 
do waves in the surface correspond with undulations in 
the fusion line. Plasticin impressions*“ have been used 
to evaluate the smoothness of a bead. 

The contour of a fillet bead is evaluated in terms of 
concavity and convexity by the usability test (A. S. T. 
M. A205-37T). Duma’ allowed a maximum convexity 
of 3%. Humped fillets (convex in the middle, concave 
at the edges) were described by Helin,'” who could not 
account for them. Aside from pleasing appearance, the 
contour of a bead may affect cracking, fatigue strength 
and cleaning. In fillet welds auto cracks occur only in 
concave beads, root cracks only in convex beads, accord- 
ing to Helin." The concave beads required for high 
fatigue strength in welded railway cars in which duc- 
tility is a minor requirement can be deposited only by 
fluid electrodes, according to Stieler."” Less difficulty 
with slag entrapment between layers in butt welds is 
experienced™ with flat beads than with convex. As 
A. W. Demmler points out (private communication, 
November 1941), the convex bead, in general, seems to 
indicate deposition on the cold side, which makes it 
difficult to handle the slag. 

Whether the bead is convex or concave depends, ac- 
cording to Helin,'” on arc energy, gas evolution and 
slag, concave fillets being favored by overheating. On 
the other hand, Sexauer*"* deduced that bare or cored 
electrodes yield convex beads because in the interval 
between the transfer of large globules, the arc melts 
deeply into the steel. The globules from covered elec- 
trodes are smaller, have less momentum and do not 
penetrate so deeply as from bare electrodes. As a result 
the deposit is flatter. The diameter of the arc spot and 
many other factors doubtless must*modify any explana- 
tion along the lines adopted by Sexauer. For example, 
Lincoln Handbook™ and Layton® state that the deeper 
the penetration, the more concave is the bead, which is 
contrary to Sexauer’s deductions. 

Coatings have pronounced influence on contour. In 
general, the heavier'” and more fusible’ the coating, the 
more concave is the bead. A dubious method of prevent- 
ing short vertical legs in fillet welds is to employ a slag 
having a high melting point. ‘The slag freezes and 
holds the metal in place.’’ A flat bead is secured, ac- 
cording to Lincoln Lessons,” if the slag has low surface 
tension. Enck* stated that the contour of the bead 
from covered, mild steel electrodes is governed not by the 
composition of the weld metal, but by the surface ten- 
sion of the slag or the interfacial tension between slag 
and weld metal. If the coating he described contained 
little ferromanganese the bead was convex; with high 
content of ferromanganese the bead was concave. 

Inadequate current favors convex beads with asbes- 
tos covered** and other electrodes.'"“:*" According 
to Complete Welder,“ if the current is excessive, the 
metal freezes in from the edges, causing the center of 
the bead to sink (concave bead). With bare elec- 
trodes™: 2" a long arc (high voltage"*) flattens the bead, 
perhaps by distributing the globules over a wide area. 
A magnetic field parallel to the arc also flattens the 
bead" from dust-coated electrodes. Cold-worked bare 
electrodes* may yield particularly convex beads. Os- 
cillating the electrode flattens the bead,” while a bare 
electrode bead of varying concave and convex contour' 
signifies jerky travel, unstable arc and inadequately pre- 
heated base metal. As the fluidity of weld metal in- 
creases, the bead becomes less convex and increasingly 
concave.'* It is significant that metal from bare elec- 
trodes has high oxygen content, which increases surface 
tension and viscosity. Foaming affects appearance; 
indeed copious gas evolution from the puddle in Hel- 
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in's'” experience was essential for a smooth, concave 
fillet. The beads from bare electrodes in Sandel- 
owsky’s*® tests became flatter as the rate of travel of the 
electrode was increased. 

The contour of vertical and overhead beads is com- 
plicated by additional factors that do not affect beads 
in the flat position (see section on Adhesion Tests). 
The position of a weld governs its contour.’ Weaving is 
essential” to secure a uniform horizontal bead on a ver- 
tical plate, the arc remaining longer at the upper edge 
of the bead than at the lower. Ronay® contends that 
good appearance in vertical welds can be secured only 
with core rods containing 0.08-0.14 C for reversed po- 
larity and 0.14-0.18 C for straight polarity and a.c. 
It was believed that the globules from electrodes with 
too high carbon content were too small, were hurled di- 
rectly opposite the tip, and became superheated, despite 
the fact that base metal was inadequately heated (no 
details). With too low carbon content the drops were 
too large, and the deposit drooped. For some reason 
in overhead welding with covered electrodes whose core 
rod contained 0.06-0.08 C the bead was very convex; 
with 0.12-0.15 C the bead was flatter for the weld metal 
had lower viscosity. The lower viscosity was occasioned 
by the longer time for preheating the higher carbon 
globules before transfer occurred. 


Gas Welding 


Good appearance is desirable, German specifications 
for copper welding rods* requiring good appearance of 
vertical and overhead beads. The ripple type of surface, 
according to Critchett,”"* is characteristic of forehand 
welding, and best technique results in small uniform rip- 
ples. Large non-uniform ripples are produced by carry- 
ing too large a puddle and excessive manipulation of this 
puddle with the torch. Such large ripples are also gener- 
ally associated with welding rods which do not contain 
the necessary slag-forming elements and make increased 
manipulation of the puddle necessary to eliminate iron 
oxide and obtain optimum fusion. Overheating in- 
creases the distance between ripples until ultimately 
they disappear.” Holler®® found that ripples were ac- 
centuated by a flame containing 40% excess oxygen. 
With 20-30% excess acetylene the ripples vanished. 
According to Stursberg,’ the distance between ripples 
depends on slag viscosity, which in turn is a function of 
the composition of rod and base metal. As slag vis- 
cosity increased, the distance between ripples increased 
(no details). Ripples on plate containing 0.35 C, 0.66 
Mn, 0.19 Si were closer together than on a plate contain- 
ing 0.08 C, 0.12 Si, 0.44 Mn with a mixture ratio of 1.6 
parts O, to 1 part C,H». The fluid manganese silicate 
slag on the former plate favored short ripples, the viscous 
FeO slag on the latter plate favoring a long distance be- 
tween ripples. Backhand technique has yielded more 
uniform welds than forehand.”"* Irregular'®® width arises 
from poor control over the lateral swing of the torch or to 
alternately raising and lowering the torch. Oxy-Acety- 
lene Tips” also states that an oxidizing flame creates a 
pitted surface. Any lack of flowing quality spoiled the 
appearance of Rechtlich’s® aircraft tube welds, but poor 
appearance in tubes containing 0.59 C was not accom- 
panied by low strength. Zimm’s"® drawings of different 
surface appearances are reproduced in Fig. 3. 


Undercut 


Undercut is the groove that may appear at the edge of 
a bead on a flat or vertical plate. A method of measur- 
ing undercut is described in A. S. T. M. A205-37T. The 
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Fig. 3—Six Drawings of Appearance of Gas Welds. Zimm!"’ 


(a) Appearance of normal, metallurgically correctly 
handled seam. (b) Welded with too large a burner; over- 
heated weld and melting zone. (c) Bead deposited with too 
small a flame (similar appearance with oxidizing flame, weld 
is impure). (d) Unnecessary movement of burner (the weld 
in general is more impure and has poorer properties). (e) 
Weld metal of the seam was insufficient (results in defective 
fusion with the base metal). (f) Defective weld (as the base 
metal or the filler metal is poorly fusible, the weld is porous 
and burnt). 


tee fillet weld in the flat position used by Stieler® to 
test for auto cracking also served for measurement of 
undercut (see section on Adhesion Tests). German 
specifications’® require that an electrode exhibit ‘no 
dangerous undercut,” while British specifications” re- 
quire that any undercut from a large electrode be filled 
with a small electrode. Undercut is fatal for high fatigue 
strength.?%. 7° 

A comprehensive investigation of undercut at the 
upper edge of horizontal beads on a vertical plate was 
made by Meller.* Melting the surface with a carbon arc 
formed a drop which dripped down the plate; undercut 
appeared at the upper edge of the drop. For a given cur- 
rent slower welding increased the undercut. The carbon 
arc did not undercut flat plates, although Liedholm‘ 
found undercut sometimes at the edge of beads melted in 
the surface of flat plates of die steel. Meller continued 
his investigation by depositing automatically a hori- 
zontal bead of bare electrode on a vertical mild steel 
plate at 8 in./min. At high current (280 amp., 26 
volts) the bead drooped but there was no undercut. At 
low current (150 amp., 16 volts) there was neither 
drooping nor undercut. Fillet welds with these elec- 
trodes exhibited no undercut unless the electrode was 
held so far from the vertical plate that all drops fell on 
the horizontal plate. Varied behavior was exhibited by 
different dipped and covered electrodes. Some exhibited 
no undercut even at high currents and low speeds. In 
one instance the bead from a dipped electrode 0.20 in. 
diameter dribbled in streams down the plate at 220-360 
amp., 6 in./min.; undercut was pronounced. Dipped 
electrodes for a.c. tended to undercut. Heavy covered 
electrodes were as variable as dipped from the standpoint 
of undercut. In fact, Meller observed undercut less 
frequently with dipped electrodes than with heavy cov- 
ered electrodes with their high arc energy and high 
fluidity of melt. As the current was increased, undercut 
became more pronounced with heavy covered elec- 
trodes, especially with a.c. 

In agreement with Meller, others have concluded that 
type of electrode was more important for undercut in 
fillet welding than current, angle of electrode and speed, 
although Matting’ in 1939 stated that covered elec- 
trodes free from undercut had been developed. Incor- 
rect coating’™: *! and defective combustion of coating” 
have been blamed for undercut. Garriott’ added wood 
flour to the coating to counteract undercut in fillet welds. 
The wood converted convex beads to concave, which did 
not undercut. Other causes of undercut are too high 
speed of travel,” excessive current. 9%, 163, 16,. 
224 and excessive arc length.” *!.22 Although 
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Fig. 4—-Fillet Break Specimen*** 


the operator not always™! is responsible for undercut, it 
often is attributable to incorrect manipulation. For 
example, in a tee fillet joint with vertical plate, if the 
electrode is too nearly vertical, or if the tip of the elec- 
trode is too far from the vertical plate, the fused metal 
assumes a horizontal position™ and the vertical plate is 
undercut. 

The nature of undercut is perhaps described best by 
Layton.* The weld metal remains liquid too long after 
the arc, which has supported it in position, has passed 
by. The liquid weld metal droops downward carrying 
with it a portion of the vertical plate that had been fused 
earlier. In 1931 Warner™ attributed undercut partly 
to too low viscosity of weld metal. Too fluid slag also 
has been blamed.” * “If the slag is too thin, it flows 
to the edge of the bead and melts a groove.’ It is 
not easy to trace the course of the molten metal in the 
groove according to this explanation. A similar objec- 
tion arises to the hypothesis** whereby undercut is a 
cavity melted in base metal which becomes filled with 
slag. In another view™ base metal melts without 
filler metal filling the void so created. Weidle* believed 
that undercut was the location of some reaction between 
base metal and slag. 

Undercut in gas welding is attributed by Oxy-Acetylene 
Tips™ to insufficient heat, although excessive heat also 
may beacause. Liedholm* sometimes observed undercut 
at the edges of beads melted in the flat surface of die 
steel by an atomic hydrogen torch without filler rod. 


Lack of Fusion 


There has been lack of fusion, also called cold shuts or 
overlaps, when a surface has failed to unite with weld 
metal. The weld metal is separated from base metal, 
their plane of contact having no strength. Lack of fu- 
sion is particularly likely if weld metal must flow along a 
crevice, such as the root of a butt weld. For this reason 
root chipping in arc welding is important.” Gerritsen’ 
illustrates several types of lack of fusion. Whereas 
overlap is the only form of lack of fusion described in 
A. S. T. M. A205-37T, lack of root fusion was the chief 
defect revealed by the wedge fracture test of a lap joint 
adopted in Germany™ as a field test. A tee joint also 
was specified, while Hungarian specifications”® required 
the fillet specimen in Fig. 4. Gardner’s*® definition of 
root penetration in fillet welds is illustrated in Fig. 5. 
A distinction between lack of fusion and lack of pene- 
tration in pipe welds was drawn by Goodger.'” By lack 
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of penetration was meant “the inability to produce a 
weld of good quality right through the joint,” thus leav- 
ing the lower part of the joint unwelded. When there 
was lack of fusion, “‘the weld metal was not fused with 
the walls of the joint.” Frequently associated with lack 
of penetration, lack of fusion, according to Goodger, 
could be attributed to an inexpert operator whereas 
“lack of penetration was largely a matter of joint design 
and technique.” 

The worst defect in welded pressure vessels was lack 
of fusion in Fish’s* experience (1937), although Layton® 
in 1940 found that blowholes were most troublesome. 
Halsey™® illustrates several examples of lack of fusion 
which caused failure of the welded part in service. A 
number of gas and arc-welding authorities’: 
agree that lack of fusion, particularly at the root, is the 
commonest defect. In over 1000 fillet welds examined 
by Gardner,*® there was no instance of lack of fusion in 
Goodger’s sense, but lack of root penetration was fre- 
quent. A small amount of lack of root penetration had 
little effect on strength, Fig. 5. However, lack of fusion 
frequently caused cracks in Campus’! experience, and is 
a serious factor”® in lowering fatigue strength. To- 
faute™ found that lack of fusion had more effect than 
cracks in lowering tensile strength, elongation, bend 
angle and notch impact value. 

The usual cause assigned to lack of fusion is deposition 
of weld metal on insufficiently hot base metal, as Jenks®° 
and Duma’ pointed out. There was inadequate heat 
in the weld metal to melt the base metal. Rockefel- 
ler. "° advances the same reason for lack of fusion in 
gas welds; “the flame forced melt onto cold surfaces, 
and the weld metal flowed into the vee before base metal 
had fused.”” Lack of root fusion was particularly likely 
in frosty weather in Gardner’s‘*’tests, while Ronay'™ 
found that lack of fusion was prevented by an interpass 


Table A 


Maximum Leg Lengths of Fillet Welds Deposited by Different 
Sizes of Electrodes. Gardner 


0.128 in. diameter electrode should not be greater than */j in. 
0.160 in. diameter electrode should not be greater than '/, in 
0.192 in. diameter electrode should not be greater than '/, in 
0.232 in.* diameter electrode should not be greater than °/j¢ in. 
0.250 in. diameter electrode should not be greater than */\ in. 
0.276 in. diameter electrode should not be greater than °/), in 
0.313 in. diameter electrode should not be greater than */s in 
0.324 in. diameter electrode should not be greater than */s, in 
0.375 in. diameter electrode should not be greater than '/, in. 


* The weld size limitations for 0.128, 0.160 and 0.192-in. diam- 
eter electrodes are based on records obtained from some 600 speci- 
mens, including check tests made at various works. The limita- 
tions for the larger diameters of electrodes were obtained from 
approximately 70 specimens and further check tests on the latter 
are therefore desirable. 


ROOT PENETRATION 
DEFINED 


ROLLED EDGE 
ON VERTICAL PLATE 


“4 


Fig. 5—-Gardner’s** Method of Expressing Root Penetration 


Root penetration will be satisfactory (XK = —1 mm. or less)if the 
best leg length of the weld deposited by different sizes of electrodes 
is not exceeded (see Table A) and if the current is medium to high 
(not low) for the electrode. If X = —1 mm. or less the strength will 
meet specifications. 
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temperature of 90-150° C. Penetration of a bare elec- 
trode into a corner, according to Warner," is favored by 
welding toward a corner, thus preheating it, instead of 
commencing the weld at the corner. 

Lack of fusion also may occur if weld metal or base 
metal is coated with a film of slag,** although George™ 
exhibited a micrograph purporting to show that oxide 
on the surface rises from the surface as the advancing 
pool of gas weld metal pries the oxide loose. As Harris*® 
expressed it, if the slag does not wet base metal it may be 
trapped at the scarf in the same way as dirt in dirty 
mercury rising in a glass tube is trapped at the wall of the 
tube. Harris’ explanation is another example of the be- 
lief, often expressed that surface tension is the factor 
underlying weld puddle behavior. 

Careless manipulation frequently causes lack of fusion, 
Blomberg*®® stated. Although Turnbull® could find 
no effect of diameter of electrode on lack of fusion, 
others! *? state that too large an electrode favors lack 
of fusion, perhaps by increasing the melting rate.” 
Kommerell** found that bare electrodes of elliptical 
cross section have less are disturbance than circular 
cross section and therefore provide better root fusion 
in fillet welds. Others”: *° attribute lack of fusion to 
arc instability. Although the opposite might have been 
expected, Duma!’®® found that too slow speed of welding 
favored lack of fusion. Long ares'® (high voltage™’) and 
inadequate current*®: also yield lack of fusion. 
Examining the root side of V butt welds made with cov- 
ered electrodes in mild steel '/, in. thick, Malisius”®* 
found that there was lack of fusion at the root if the root 
spacing was nil. Uniform root penetration was secured 
with 0.10 in. spacing, but with */; in. spacing the root side 
exhibited icicles, which were remedied by copper back- 
ing. 


Penetration 


Penetration, sometimes called depth of fusion,™® is 
defined by the AMERICAN WELDING Society as the maxi- 
mum depth perpendicular to the surface of base metal 
at which fused metal is found. DeLange*® defines depth 
of fusion in arc-welding sheet metal as the depth of the 
molten pool. Penetration, according to Warner™ in 
1931, was the penetration to the root. Fusion was the 
union between weld metal and base metal. Weidle™ 
measured penetration on a vertical section through a 
bead 4 in. long on a mild steel plate 0.24 XK 2.4 in. The 
ratio of penetration to height of bead above plate sur- 
face varied from 0.57 to 1.12 for oxyacetylene welds 
and from 0.75 to 1.57 for covered electrodes. Generally 
the reinforcement was 40% higher for covered electrodes 
than for gas welds on boiler plate. It is interesting to point 
out with F. C. Saacke (private communication, Novem- 
ber 1941) the difference between penetration in arc 
welding and in gas welding. In the latter, only slight 
penetration in fusion welding processes is necessary. Ab- 
sence of visible penetration in gas welding, so long as no 
slag inclusions or cracks are visible, is often characterized 
by fairly good tensile strength although there will be 
little or no ductility. As soon as sufficient penetration 
is obtained to melt and thereby destroy evidences of 
irregularities in oxygen cut or mechanically machined 
surfaces, full joint ductility is present. For this reason, 
bend or ductility tests are a necessary adjunct to the 
tensile test in examining for penetration. 

To measure penetration Lefring® manually deposited 
a bead 2.8-3.6 in. long on a mild steel (0.05 C) plate 2 X 
6 in. and 0.24—0.39 in. thick, which was blocked above 
the welding table. Sections cut at intervals of 0.8 in. 


82-s WELDING RESEARCH SUPPLEMENT 


YU 


Fig. 6—Method of Expressing Pick-Up Used by Sandelowsky™ 

F, = bead area. F, = penetration area. F,/F, = surface ratio. 
b: = penetration width. b: = bead width. h = bead height. 
e = depth of penetration. e/b; = penetration ratio. h/b, = 
height ratio. 


through the bead were etched with copper ammonium 
chloride. The penetration ratio was the ratio of cross- 
sectional area of bead below plate surface to the area 
above plate surface. The bead was scarcely long enough 
to establish uniform conditions. 

The ratio of areas was called “surface ratio” by 
Sandelowsky,”® Fig. 6, while penetration was the ratio of 
depth of fusion to width of bead. When F,/F; = 2.0, 
conditions were favorable for bare electrodes, according 
to Specht,* who pointed out that if b./b; is too high, a 
gap is likely between two beads deposited side by side. 
As the time to deposit a mild steel electrode decreased, 
the ratios F,/F2, b2/b, and b/b; increased. Time of de- 
posit had no effect with low-alloy steel electrodes. In 
tests of bare electrodes 0.12-0.24 in. diameter by Poniz'® 
the ratio b/e decreased from 4-7 at 150 amp. to 3-4 at 
250 amp. Below 150 amp. the ratio reached high values, 
such as 14. Tetzlaff*° used the bead method for measur- 
ing penetration, which in his opinion was a measure of 
generator characteristics in carboy and metal arc 
welding. The welding speed and wind velocity (10 ft./ 
sec.) were held constant in his tests. Penetration in fillet 
welds was the ratio: B/A + B in Helin’s tests, Fig. 7, 
and generally was about one-half. 

The effects of absence of penetration were discussed in 
the section on Lack of Fusion. Specht* believed that 
the depth of fusion was a more important factor than 
surface appearance. Penetration is not related to spatter 
or neatness,?" nor do undulations in the surface of a 
bead necessarily create undulations in the fusion line.™ 
The deeper the penetration, the less convex is the bead, 
according to Layton, who presented no evidence. 

Among the factors that are said to influence penetra- 
tion is the depth of the crater. The AMERICAN WELDING 
Society in 1927 and 1938: 2%. stated that the 
depth of the crater (from bottom to lip, no details), 
which should be at least '/1. in. for bare electrodes, indi- 
cated the penetration. According to Lincoln Lessons,” 
the depth of the crater was approximately the penetra- 
tion, the depth of the crater being the vertical distance 
from the bottom of the solid crater to the surface of the 
plate, not the surface of the bead. Factors which in- 
crease the depth of crater also increase penetration,™ 
yet the crater from covered electrodes generally is shal- 
lower than from bare electrodes."° Sexauer* stated that 
bare electrodes penetrate deeper than covered, on ac- 
count of the low momentum of the small drops from the 
latter. On the other hand, Baumgartel* showed that 
for a given current penetration was deeper with covered 
than with bare electrodes; the voltage was higher for 
the covered electrodes. Organic covered electrodes may 
penetrate deeper than slag covered.® 

The effect of composition on penetration has received 
little study, although the heat content, thermal conduc- 
tivity and other factors affected by composition control 
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Fig. 7—Penetration in Fillet Welds. Helin” 


the amount of base metal that is melted (Weidle”™ and 
Ronay) and the amount of heat required for welding. 
Schwarz** found that high carbon steel plate with its 
lower melting range exhibited deeper penetration by a 
given electrode than low carbon steel. On the other 
hand, as the carbon content of the bare electrode was 
raised from 0.1 to 0.6%, the penetration at 140-180 amp. 
(0.16 in. diameter) falls from 0.12—-0.16 in. to 0.06—0.08 
in. The drops from the high carbon electrode had low 
heat content on account of their low melting range. 


Current affects penetration.* As the current in- 
creases, penetration also increases,'’: %, 1 
though the height of the bead above the surface also may 
increase. In Poniz’s'®® tests the relationship was linear, 
the penetration increasing from 0.02 in. with 0.12-in. 
bare electrodes at 50 amp. to 0.10—0.16 in. with 0.24-in. 
bare electrodes at 250 amp. Too short an arc'’® or low 
voltage* signifies shallow penetration. Mathias® re- 
ported that penetration of a covered electrode is inversely 
proportional to melting rate (gm./min.). In Hensel and 
Maddox’s'’ tests with a magnetic field parallel to the 
arc from */;.-in. dust-coated electrodes (0.10 C), the pene- 
tration was 30% deeper with a.c. field (2400 amp. turns) 
than with d.c. field. 

While Schwarz™* observed little effect on changing the 
arc polarity, Hall’? mentioned 14% Mn-Ni electrodes 
which, if connected to the negative pole, yielded no pene- 
tration. According to Esslinger,' fillet electrodes pene- 
trate less than other types because straight polarity is 
required. With straight polarity 65% of the heat is 
said to be generated at the tip of the electrode. Preheat- 
ing increases”: ** penetration. Welding speed had no 
consistent effect on penetration of bare electrodes in 
Sandelowsky’s*® tests. The ratio + in Leit- 
ner’s' tests of 0.20-in. bare electrodes (200-220 amp., 
17-20 volts) remained about 0.45 regardless of rate of 
travel of the electrode (25-75 ft./hr.). Theisinger® 
showed that in high-current smothered arc welding the 
higher the welding speed, the deeper was the penetra- 
tion for a narrow range of conditions. 


The AMERICAN WELDING Society”! stated that pene- 
tration varies with the thickness of base metal. Owing 
to better conductivity of heat, according to Jurczyk,*° 
an increase in thickness decreases the penetration. He 
also stated that by imparting a lateral motion to the 
electrode, freezing is delayed and penetration is in- 
creased. Sherwin™! found that a high wind increases the 
current required to secure adequate penetration. Doubt- 
less are stability and lack of root fusion were involved, 
rather than depth of fusion. Green™ in 1926 believed 
that penetration was directly proportional to the square 
of the diameter of a bare electrode. In atomic hydrogen 
welding penetration is complete when the pool is quiet 
and the width of the bead is three times the thickness of 
the sheet." 


The most elaborate hypothesis of penetration is that 
advanced by Theisinger® in the following terms. The 
arc from a bare electrode forms a crater of molten metal 
beneath the electrode. If the arc is stationary, the cra- 
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ter ‘“washes’’ the metal in all directions to form a ring of 
deposited metal at the edge of the sphere of influence of 
the electrode. When the electrode is moved slowly for- 
ward, the “wash’’ no longer is distributed uniformly 
around the electrode. Instead, most of the molten metal 
in the crater flows back of the electrode, which may be 
called “back wash.’ There still remains the wash to- 
ward the front and sides of the vee. As the rate of travel 
of the arc is increased, front and side flow decrease in 
importance compared with back wash. In Theisinger’s 
hypothesis the front wash has a marked effect in con- 
trolling penetration. The front wash comes in contact 
with the cold portion of the shoulder and solidifies there 
momentarily. By reason of the increased thickness of 
metal at the root of the vee, the frozen front wash ob- 
structs the arc. As the rate of travel of the arc is in- 
creased still further, the sphere of influence of the elec- 
trode is reduced by reason of the decreasing amount of 
are energy expended per inch of bead. Consequently 
there is less front wash acting as a barrier and the full 
melting power of the arc is available to fuse base metal. 

According to Green’s** hypothesis, penetration is 
proportional to the quantity of heat available at any 
point along the weld at a temperature above the melting 
range of base metal. Penetration = W-X-Y-Z-D", 
where W = melting rate constants of the electrode, X = 
deposit efficiency of electrode, Y = conditions affecting 
heat dissipation or radiation, Z = arc voltage and D = 
diameter of electrode. 


Melting Rate 


Melting rate in metal arc welding generally is ex- 
pressedas weight of electrode (core rod) melted in unit time 
with or without spatter. Ronay'® and Simon measure 
melting rate by depositing beads on a weighed plate. 
After removal of spatter the increase in weight is expres- 
sed in ounces per hour. On the other hand, Lincoln 
Handbook® measures the time to melt a foot of elec- 
trode. Most authoritiés have not deducted spatter in 
computing melting rate. Melting rate and are voltage 
were the two most important characteristics of an elec- 
trode, in Shibata’s™’ opinion. Melting rate exerts only 
an indirect effect on mechanical properties. In Specht’s® 


Table 2—Melting Rate Electrodes. Kendl'”* 


Melting 
Rate, 
Diame- Lb. of 
ter of Cur- Core Energy, 
Elec- rent, Rod Spatter Kw 
trode,In. Amp. Voltage per Hr. Loss, % Hr./Lb 
0.16 110 14 1.53 13.2 1.00 
0.16 150 15 1.98 16.7 1.14 
0.16 190 15 2.50 18.4 1.14 
0.16 220 15 3.00 20.4 1.10 
0.24 190 15 2.87 14.1 1.00 
0.24 220 15 3.33 14.2 1.00 
0.24 260 13-17 3.94 17.5 0.99 
0.24 300 13-17 1.98 19.3 0.91 
0.24 340 13-18 5.47 20.9 0.97 
0.24 360 15-30 6.23 29.5 


Two beads were deposited in a 60° V to form a weld in mild steel 
plates */s; in. thick. The core rods contained 0.10 C, 0.01 Si, 0.45 
Mn, 0.26 Cu (including copper coating) and the coating contained 
28.8 SiOz, 23.2 CaO, 14.5 FeO, trace Al,O;, 28.0% loss on heating. 
A Kjellberg KU 250 generator was used. The electrodes were neg- 
ative, were weaved, and blow was avoided by moving the ground 
connection as welding advanced 
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tests an increase in melting rate decreased the tensile 
strength and bend angle, while increasing the notch im- 
pact value. 

The melting rate is more or less nearly proportional to 
current!’ 2%, 197, 199, 244 for bare and covered electrodes. 
The linear relationship was confirmed by Meller"® for a 
wide range of conditions: bare electrodes 0.12—0.20 in. 
diameter deposited automatically, and covered elec- 
trodes 0.16-0.32 in. diameter, deposited manually, 50- 
500 amp. Lefring®® found proportionality between cur- 
rent and melting rate for bare electrodes 0.08—0.20 in. 
diameter deposited manually at 50-200 amp. More 
limited tests by Kendl,'® Table 2, confirm approximate 
proportionality. The proportionality constant between 
current and melting rate was called the coefficient of 
fusion by Schnadt.*” For a commercial covered elec- 
trode the constant was ().024 Ib. per hr. peramp. Ronay® 
believed that melting rate was proportional to the square 
of the current, that is, to the are energy, irrespective of 
voltage. 

Most investigators have found that are energy to melt 
unit weight of electrode is constant. Lincoln Handbook™ 
quotes tests, Table 3, showing that 1 kw.-hr. deposits 
approximately 1 Ib. of covered electrode. The arc 
energy varied from 0.5-1.3 kw.hr./Ib. without being 
related to position or type of weld, or to diameter of elec- 
trode. Electrodes yielding concave beads seemed to 
yield lower melting energy (0.7 kw.-hr./lb.) than those 
depositing convex beads. About the same energy (1 
kw.-hr./lb.) is reported also by Kendl, Table 2, Es- 
slinger,'S and Leitner. The last authority quoted 
0.64 kw.-hr./Ib. for cored electrodes, 0.95-1.27 kw.-hr./ 
Ib. for covered. Although Meller'® found constant en- 
ergy per unit weight for all currents (75-200 amp.) with 
covered electrodes, the energy per unit weight of bare 
electrodes dropped to a minimum with increase in cur- 
rent, then rose again. Moon™® confirmed the fact that 
energy per unit weight is independent of diameter of 
electrode. Although are and induction furnaces require 
only about 0.3 kw.-hr. to melt a pound of steel, it must 
be remembered that in are welding as much base metal is 
melted as electrode. The heat content of iron (0- 
1550° C.) is approximately 0.1 kw.-hr./Ib. 


Table 3—Melting Rate of Covered Electrodes (No Details). 
Lincoln Handbook®® 


Melting 

Rate, Lb. 

Diameter Melting Rate, Energy, per Hr. per 

of Elec- Current, Lb. of Core Kw.-Hr./ Sq. In. of 

trode, In Amp. Voltage Rod per Hr Lb. Electrode 
'/s 110 24 2.6 1.02 210 
5/39 130 25 3.3 0.99 170 
3/16 150 26 3.95 0.99 143 
1/4 250 30 7.5 1.00 150 
*/v0 325 34 10.7 1.04 140 
a/s 425 38 16.2 1.00 147 


Polarity has considerable effect on melting rate. As 
Lincoln Handbook® points out, the polarity yielding the 
lower melting rate produces more heat in base metal. 
Meller showed that bare electrodes melt nearly twice as 
fast if they are positive than if they are the negative 
pole. The rule was confirmed by Sandelowsky*® who 
found that at very low currents polarity had no effect 
on melting rate. In Lefring’s® tests the melting rate of 
dipped electrodes was 40% higher on the positive pole 
and 10% higher on a.c. than on the negative pole. How- 
ever, with electrodes high in carbon and manganese, 
positive polarity yielded lower melting rate than nega- 
tive. Stieler' found no difference in melting rate be- 
tween a.c. and d.c. for twelve different covered mild 
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steel and low-alloy steel electrodes. Esslinger'®® quoted 
3.85 lb./hr. as the melting rate of a covered electrode 
(200 amp., 25 volts) on positive polarity, 4.44 Ib./hr. on 
negative. Melting rate, according to Mathias, is in- 
versely proportional to penetration. Except as it may 
affect spatter'® and current,® arc length has no effect 
on melting rate. Speed of welding™ likewise has no ef- 
fect. Melting rate is independent of position and type 
of weld,” although Sandelowsky”’ found that bare elec- 
trodes melted at a higher rate when they were deposited 
on a flat plate than in a welding groove at a given speed. 

Small changes in the composition of the electrode may 
have a great effect on melting rate, according to Leitner® 
(no details). Melting rate rises, according to Ronay,® 
as the carbon content of the core rod is increased (0.05 
to 0.26%), because the resistivity increases with carbon 
content (no details). Although coating a 0.17 C elec- 
trode decreased the melting rate in Wologdin’s™* inves- 
tigation, Meller™® showed that for a given current (volt- 
age not stated) covered electrodes melt 25 to 50% faster 
than bare. Comparing two '/,-in. electrodes at 34 volts, 
340 amp., Lincoln Handbook™ found that one electrode 
deposited at the rate of 7.22 lb./hr. (coating was 22.2% 
of the weight of the electrode) while the other, whose 
coating was 20.1% of the weight of the electrode, de- 
posited at the rate of 8.62 lb./hr. Welding Handbook 
states that shielded arc electrodes deposit four to five 
times faster than bare electrodes, for the reasons that 
the covered require higher currents, have practically no 
short circuits, may benefit from exothermic reactions in 
the coating and have higher thermal efficiencies. Ma- 
thias® confirmed the powerful effect of coatings on melt- 
ing rate by showing that the melting rate of a low carbon 
steel electrode */1, in. diameter with an extremely thin 
coating 0.0001 in. thick melted (190 amp., electrode 
negative) at the rate of 3.3 lb./hr. if the coating was 
CaCOs;, but at the rate of 7.0 lb./hr. if the coating was 
TiO». 

The diameter of the electrode had no effect on the 
melting rates quoted in Lincoln Handbook,™ aside from 
the effect of diameter on arc energy. In Table 3 the 
melting rate per unit cross section was higher for the 
'/s-in. electrode than for the larger electrodes, but 
changes in current within permissible limits would re- 
verse the order of comparison. Schnadt™’ argued that 
since the volume of metal deposited was approximately 
proportional to the square of the diameter of the elec- 
trode, the melting rate should be proportional to the 
diameter, because current is approximately proportional 
to diameter. At constant current, of course, melting 
rate was independent of diameter. He pointed out that 
as the length of an electrode decreased the melting rate 
increased, because the portions of the electrode close to 
the holder became hot during welding. As the diameter 
of the electrode increased in Piingel’s” tests, the melting 
rate, expressed as length of electrode per unit time, was 
found to decrease. 

The hypothesis of melting rate of bare electrodes ad- 
vanced by Engel™® is based on the differential equation 
of heat conduction. Assuming that the end of the elec- 
trode remained plane during welding, Engel showed that 
the melting rate (Ib./hr.) was 


where d = diameter of electrode, S = density of iron, T 
= duration of a drop period (heating time + short cir- 
cuit time for a single drop), and X, = thickness of cy- 
lindrical layer of molten metal on the tip of the elec- 
trode, which was derived from the number of drops per 
second observed experimentally. The formula states 
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that the melting rate is the weight of each molten cy- 
lindrical layer at the tip divided by the time required to 
melt it and transfer it to base metal. The calculation of 
the time of heating was based on arbitrary assumptions 
about the temperature of the tip of the electrode. The 
equation of heat conduction suggested that X, should 
be proportional to the square root of the heating time. 

Refining his calculations, Engel next assumed that the 
globule at the tip grew from an initially small, hemispheri- 
cal drop remaining after the preceding transfer. The 
end of the tip remained plane except for the hemispherical 
drop growing at the center. The melting rate was 

— V,*) 

where V, = radius of drop at maximum size, and Vy = 
initial radius of drop. Although the assumptions do not 
correspond with the observed growth of a globule at the 
tip of a bare electrode, the formulas predicted that 
melting rate should be proportional to current, at least 
up to 200 amp., beyond which melting rate rose very 
rapidly. According to Sandelowsky,*’: * melting rate is 
a question of heat losses, and Engel’s formulas take into 
account only conduction. 

Melting rate in other welding processes has received 
little study. Stursberg’ mentioned a mechanism, Fig. 1, 
for measuring the rate at which a filler rod can be melted 
by an oxyacetylene welding flame. No results were 
given, perhaps because in welding the flame must be di- 
rected on base metal as well as on the rod. A neutral 
flame does not melt the rod so rapidly, George™ found, 
as an excess acetylene flame. Carbon pick-up from the 
flame may lower the melting point and heat requirement 
of the rod. In carbon are welding the melting rates of 
filler rod quoted in Lincoln Handbook™ range from 0 to 
14 lb./hr., depending on the extent to which filler rod 
must be applied. For surfacing a shaft 0.7 kw.-hr. was 
required per Ib. of filler rod, whereas in joints requiring 
very little filler rod over 4 kw.-hr./lb. was necessary. 
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COMMITTEE F. FATIGUE TESTING (STRUCTURAL) 
of the 
INDUSTRIAL RESEARCH DIVISION 
of the 
WELDING RESEARCH COMMITTEE OF THE ENGINEERING FOUNDATION 
REPORT NO. 2* 


Calculation and Graphical Representa- 
tion of the Fatigue Strength of 
Structural Joints 


HE term ‘“‘fatigue,’’ as commonly applied to struc- 
tural steel, refers to the observed phenomenon that 
a piece or joint will fail at a stress below its static 
ultimate strength, if this stress be applied, then released or 
reversed, then again applied, and so on for a large number 
of cycles. Such tests as have been made on “structural 
carbon” and “structural silicon’”’ steel plates, jointed or 
whole, indicate that if less than about two-thirds of the 
total stress is alternately released and reapplied, no mat- 
ter how often, or if any greater percentage of release and 
reapplication occur fewer than several thousand times, 
the fatigue strength is probably not far enough below 
the static ultimate to need consideration in structural 
design. 

Since the fatigue strength of some structural members 
or joints may be relatively low, and provision for it costly, 
specification for bridges and similar structures may be- 
come more complex than hitherto, when and as fatigue is 
taken more carefully into account. Specifications may 
have to be so drafted as to make only just that provision, 
in each individual structure and in the individual mem- 
bers of that structure, which is indicated as necessary for 
the respective probable type of stressing—and not any 
more. Tospeak in terms of a single unit stress, as 16,000, 
or 18,000, or 20,000 Ib. per sq. in., might be wasteful for 
one structural part, dangerous for another. 

The securing of data on fatigue strength in the struc- 
tural field, such as the work in which Committee F is 
engaged, is of rather recent commencement. A body of 
data is being started and should rapidly grow. These 
data are rather less consistent than the data obtained 
from testing integral materials, because duplicate joints 
are sure to contain minor inherent differences and only a 
few duplicate joints can be tested in any given piece of 
research; but this scattering of test results does not in- 
hibit the drawing of conclusions which, though tentative, 
will be useful to designers. The purpose of this report is 
to present the opinion of Committee F upon certain 
methods of calculating ‘Fatigue Strength’ from such 
data, and graphically representing it. The Committee 
intends to use these methods in subsequent reports, and 
believes that engineers in general may profitably adopt 
them, in so far at least as designs in structural steel are 
concerned. 

Nothing in the present report should be considered a 


E * Report No. 1 of Committee F, ‘“‘The Effect of Periods of Rest on the 
Fatigue Strength of Welded Joints,"’ was published January 1941. 


87-s 


A 


discussion of actual fatigue strength values under any 
given conditions; subsequent committee reports will 
cover that ground. The topic herein discussed is solely 
that of methods of calculation and representation. 


Part I—Calculation of Fatigue Strength at a Given 
Number of Cycles of Stress 


The nature of most fatigue testing, including all of the 
work in the program of Committee F on welded struc- 
tural joints, is as follows. A “‘cycle’’ of unit stress, com- 
prising a predetermined maximum followed by a pre- 
determined minimum, is set up on the testing machine by 
proper calibrating devices. The machine is put into 
operation, and this cycle of max.-min.-max.-min., etc., 
is repeated, and the number of cycles mechanically 
counted, until failure occurs. The cycle of stress is 
known in advance and throughout. The number of 
cycles endured is unknown in advance and can be pre- 
dicted only within wide limits; ascertaining this number 
of cycles is the objective of each individual test. 

For each different percentage of release or change of 
stress in repeated stressing, there is a unique functional 
relationship between the maximum stress in the cycle 
(called the fatigue strength for that cycle) and the num- 
ber of repetitions, or cycles, required to bring about 
failure at that stress. A typical relationship for plain 
steel plate is plotted in Fig. 1. 

As the number of repetitions increases from | to 100,- 
000 there is a marked falling off of the maximum stress 
endurable. As the repetitions increase from 100,000 to 
2,000,000 there is a further falling off, but at a continually 
decreasing rate. From, say, 10,000,000 to an infinite 
number of repetitions, the further falling off is insignifi- 
cant. In other words, the stress number, or S/N (so- 
called Woehler) curve, plotted with number of cycles as 
abscissa and fatigue strength as ordinate, as in Fig. 1, 
falls sharply from the y-axis (V = 0), where it represents 
static strength, then falls less rapidly, and finally goes off 
almost horizontally to the right after N exceeds a few 
millions. 

An examination of the typical S/N curve of Fig. 1 
reveals an important fact, namely, that stresses below the 
maximum have slight influence on fatigue failure, in 
that so many more thousands of repetitions can be en- 
dured at such lower stresses. This will be of importance, 
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for instance, in considering the design of a bridge member 
which may receive a given number per day of maximum 
locomotive axle loads and a many times greater number 
of lesser loads from car axles; it may be expected that 
the latter will do little in comparison with the former, in 
bringing about a failure through fatigue. 

For each type of repeated stressing* we should like to 
know a number of points on the S/N curve, through 
which we might draw a smooth and accurate curve. 
Then, for instance, for a connection which we might 
estimate would receive, say, 80,000 repetitions of that 
type of stressing during the life of the structure, we should 
be able to scale off the exact fatigue strength, divide it by 
a factor of safety, and design the connection accordingly. 

Neither time nor money will permit us to obtain so 
much data. All we can hope for now is to get about three 
points on each of a few such curves, and trust that the 
curves we pass through these points will be sufficiently 
near the truth. One of these three points is obviously 
the static strength, where the repetitions are zero in num- 
ber—in other words, the starting point on the y-axis. 
The choice of the other two points calls for some thought. 

Engineers have considered that a large number of 
members in a bridge, such as stringers, floor beams and 
floor beam hangers, which receive their stress from a 
single axle or small group of axles, may receive about 
2,000,000 repetitions of maximum stress in their desired 
lifetime. Other members, such as main girders, truss 
chords and main truss diagonals, on which the loading 
and unloading may be incessant but the combined maxi- 
mum load occurs far less frequently, may receive 100,000 
repetitions of maximum stress. These assumptions are 
always subject to critical review. They have led, in the 
work done thus far, to our seeking to find stress cycles 
that produce failure at 100,000 cycles, and stress cycles 
that produce failure at 2,000,000 cycles. Quite evi- 
dently, the form of the S/N curve between N = 1 and 
N = 100,000 is not going to matter much to a bridge 
engineer. 

It is manifestly impossible in the laboratory to select 
in advance a maximum stress for any cycle (pulsating, 
released, partially reversed, reversed*), which will cause 
failure exactly at 100,000 or 2,000,000, or at any other 
pre-selected number of cycles. Therefore the investi- 


* Pulsating cycle: the stress is released partially, as “‘tension-to-a smaller 
tension,” “compression-to-a smaller compression."’ Released cycle: the 
stress is fully released, as“ ‘‘zero-to-tension,”’ zero-to-compression."” Partially 
reversed cycle: the stress changes sign but the stresses of opposite sign are not 
equal, as “tension-to-'/: compression,"’ etc. Reversed cycle: the alternate 
are of opposite sign and of the same intensity, as 10,000 to — 10,- 

» ete. 
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The plotted values are illustrative only, but are mithin the range 
that might be expected for a plain plate of carbon steel. 
Number of Cycles =N 


Fig. 1—A Typical S/N Curve 
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gator is faced (in principle) with the necessity of drawing 
a curve which will pass through such points as he does 
experimentally determine, and of then scaling from this 
curve the probable fatigue strength at 100,000 and 2,- 
000,000 cycles. Or, instead of drawing such a curve, he 
may write an assumed equation for it, find the constants 
in his equation by inserting the coordinates of his experi- 
mentally determined points and from the equation thus 
determined, calculate the desired fatigue strengths at 
100,000 and 2,000,000 cycles. 

It is at once evident that no such equation can claim 
the sanctity of one rationally derived. If many points on 
the S/N curve for some one type of specimen and type of 
stressing are available, and a curve cay be passed reason- 
ably through them, then it may be inferred that a curve 
of similar shape may be reasonably passed through points 
obtained from tests of similar specimens subjected to 
some other type of stressing. But this remains only an 
inference, and no “fatigue strengths’ calculated from 
such an inference should be looked upon by specification 
writers as precise. 

It has been found! * * ‘¢ from many fatigue tests of 
small machined-and-polished rotating-beam specimens of 
steel, that the portion of the S/N curve between N = 
about 50,000 and NV = about 4,000,000 can be represented 
by the empirical equation 

B 

S= We (1) 
in which B and K are experimental constants, and S and 
N are the maximum stress in the stress cycle and the 
number of cycles to failure, respectively, from any 
individual test. The curve representing this equation 
becomes a straight line when plotted on a logarithmic 
field (see Appendix 1 for proof), and the fatigue strength 
corresponding to 2,000,000 cycles for failure is repre- 
sented by the intersection of this S/N line with the 
ordinate whose N value is 2,000,000. This assumes, of 
course, that the S/N line is a straight line for all values of 
N up to 2,000,000. Before this graphical construction 
can be made, the two experimental constants B and K 
must be known. Of these, B determines the position of 
the S/N line and K determines its slope (Appendix 1). 

As stated above, the point of intersection of the S/' 
line with the ordinate having a value of N of 2,000,000 
represents the fatigue strength of the specimen corre- 
sponding to failure at 2,000,000 cycles. If this fatigue 
strength is represented by F 2,000,000, its value from equa- 
tion (1) is 
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2,000,000* ~ 2,000,000" 


F 2,000,000 = 


Similarly, the fatigue strength F based upon failure at 
any number of cycles, n, is seen to be 


This general equation is applicable only to that portion 
of the S/N diagram which is straight when logarith- 
mically plotted. 

Equation (3) is empirical and cannot be depended upon 
to give absolute values of F, because (1) the S/N dia- 
gram (logarithmically plotted) is not necessarily exactly 
straight, and (2) the value of K must be determined 
experimentally, and probably has different values for 
various types of specimen and various kinds of material. 
Only average values are available. 

It has been assumed, in the absence of evidence to the 
contrary, that the laws governing the fatigue of joints 
sufficiently parallel the experimental law above stated 
for polished specimens of material, that a similar method 
may be applied to the interpretation of the test data 
obtained in the program of Committee F. Thus, for in- 
stance, by a process of cut-and-try, it is found for a num- 
ber of tests of butt welds in 7/s-in. carbon steel plates® 
that a value of K = 0.13 is in fair agreement with the 
data for butt welds with the reinforcing on, whereas for 
specimens with welds planed flush or without welds, the 
value of K is of the order of 0.18. 

The degree of justification for these values may be 
indicated by the detailed study made in Appendix 2. 
It is there shown that, always assuming the S/N curves 
to be essentially straight when logarithmically plotted, 
even though the value of K were chosen 20 per cent 
either way from the best value, the fatigue strengths 
calculated from the resulting equation (3) would be 
within a 3 or 4 per cent margin of error. 

The numerical study in Appendix 2 shows also that for 
a given maximum stress S in a stress cycle, a large varia- 
tion in NV, the numbers of cycles endured by duplicate 
specimens, does not necessarily mean a large variation in 
computed fatigue strength. Thus if two specimens, S 
being the same, failed, respectively at 400,000 and 200,- 
000 cycles, the ratio of cycles would be 2 : 1, but the ratio 
Of Fio0,000 would be only 1.09 : 1. 

Since the empirical method for determining the fatigue 
strength at 2,000,000 cycles from tests for which failure 
occurred at other than 2,000,000 cycles is to be considered 
aS an approximate method, an alternative to its use 
would be to consider only those tests for which failure 
occurred at approximately 2,000,000 cycles. The objec- 
tion to this is that the fatigue strength of joints is so 
comparatively erratic that the results of a single test are 
of little value. There are a number of instances in 
which, of two identical joint specimens, the one that was 
subjected to the smaller stress broke at the smaller num- 
ber of cycles. This can only be accounted for on the 
basis of a physical difference, possibly minute, between 
specimens that were intended to be identical. It is be- 
lieved that to use only the specimen failing at a number 
of cycles most nearly equal to 2,000,000 is not so close to 
probable truth as to use the average of the values of the 
fatigue strength computed from the results of the tests 
of three or more identical specimens (or as closely identi- 
cal as it is possible to construct them), 


(3)* 


* In applying equation (3) it should be kept in mind that S and N are the 
associated coordinates of any experimentally determined point on the curve, 
stress S having been fixed by the experimenter and N being whatever number 
of cycles it may then prove to be; whereas F (which it would be more scien- 
tific to express as Fn) is the desired, or to-be-calculated, fatigue strength at 


some (usually round) number of cycles, », in which the experimenter is inter- 
ested. 
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As stated before, the three tests of a group are not 
always consistent, and no method of interpreting the 
results can eliminate the inconsistencies. Moreover, 
these inconsistencies are to be expected, and it is not in 
the interests of truth to throw out tests because the 
results are inconsistent. Although it would be desirable 
to test a larger number of identical specimens than three, 
the expense of always so doing would be prohibitive. It 
is believed that the method used affords a fairly satis- 
factory interpretation of the data available, and that the 
average of the values of the computed fatigue strengths 
of three identical specimens of a group may reasonably be 
accepted as the fatigue strength of that and similar 
groups. 

The method of computing by equation (3) the desired 
fatigue strengths at 100,000 and at 2,000,000 cycles, 
respectively, has been followed in Report No. | and will 
be followed in the succeeding reports of Committee F, 
always with a statement of the value of K employed in 
the computations. It will not be deemed necessary to 
repeat any of the foregoing explanation in future reports. 

There will be cases where the fatigue strength at 100,- 
000 or at 2,000,000 cycles will have to be obtained from 
specimens which break rather far from 100,000 or 
2,000,000 cycles, respectively, and which are therefore 
less trustworthy than values computed from specimens 
breaking nearer to the desired number of cycles. Such 
cases will be pointed out by associating a heavy dot with 
the tabulated values of “fatigue strength.’ This has 
already been done in Tables IIIA and IIIB of Report 
No. 1 of Committee F. 

There will also be cases where the fatigue strength at 
2,000,000 cycles will have to be obtained from specimens 
which break at well over 2,000,000 cycles, or sustain such 
number of cycles without breaking! As it is not certain 
how far beyond 2,000,000 cycles the logarithmic plotting 
remains a straight line, and as a calculation based on 
4,000,000 cycles would increase the computed fatigue 
strength only 9 per cent over that based on 2,000,000 
cycles at the same maximum stress, the practice will be 
followed of tabulating as the fatigue strength of such 
specimens at 2,000,000 cycles, the maximum stress of the 
cycle which was endured for more than 2,000,000 cycles, 
with a plus sign (+) affixed. 


Part II—-Graphical Representation of Fatigue Strengths 


The S/N curve discussed in Part I hereof, whether 
plotted to ordinary scale as in Fig. 1 or to logarithmic 
scale as in Figs. 3 (Appendix 1) and 4 (Appendix 2), cov- 
ers in any one diagram: 


One type of specimen, joint and material. 

One type of stress cycle (as full reversal, or zero-to- 
tension, etc.). 

All numbers of repetitions of this cycle, with the maxi- 
mum stress endured for that number of repetitions. 


There is required, for the use of students of fatigue, and 
for the writers of specifications, another, different type of 
curve, covering, in any one diagram: 


One type of material, joint and specimen. 

One number of repetitions endured (as 100,000 or 
2,000,000, etc.). 

All possible ranges of stress cycle, including tension-to- 
a lesser tension, zero-to-tension, partial reversal, full 
reversal. 


Many conventions have been suggested for diagrams to 
serve this latter purpose. Some of them are complicated 
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in the effort to include all possible sorts of situation in one 
diagram. Others are adapted to the use of research in- 
vestigators who doubtless find them simple enough when 
frequently referred to; they are not simple to a practicing 
engineer who encounters them only at long intervals. 

In order to make the results of the work of Committee 
F as readily understandable and usable by structural 
designers as possible, the Committee recommends show- 
ing this type of information on the simple type of dia- 
gram shown in Fig. 2. 
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Fig. 2—Typical Diagram of Fatigue Strength 
Representing one type of material 
Representing one type of joint 
Representing one type of specimen 
Representing one number of cycles (as 100,000 or 2,000,000) en- 
dured to failure 
Representing al! possible ranges of Unit Stress between Max. and 
Min. 
The coordinates of any point X on curve represent:—ordinate, 
the max., abscissa, the min., stress in some particular cycle that 


produces failure at the number of repetitions stated for the particular 
diagram. 


In any diagram of the form of Fig. 2, any point on the 
line ABCD defines a particular stress cycle or stress 
range (max. to min.) that produces failure at the number 
of repetitions stated for the particular diagram. The 
ordinate to such point on ABCD measures the numeri- 
cally maximum stress (““Max.’’) in the cycle. The 
abscissa measures the numerically minimum stress 
(‘“Min.’’) that is associated with “Max.” in defining the 
cycle. If the point in question lies to the right of the OC 
axis (“++ Min.”’) the numerically minimum stress is of the 
same sign as the maximum, hence the stress cycle is either 
“tension-to-a lesser tension”’ or “‘compression-to-a lesser 
compression.” If the point lies to the left of the OC axis 
(‘‘“—Min.’’), the numerically minimum stress is of oppo- 
site sign to the maximum, hence the stress cycle is either 
“‘tension-to-a numerically lesser compression’’ or ‘“com- 
pression-to-a numerically lesser tension; until the 
limiting point A is reached. 

In the diagrams of this type, + and — have nothing to 
do with any structural designers’ convention as to which 
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represents tension and which represents compression. 
+ always represents the numerically greater stress in 
the cycle. 

Point A in Fig. 2 is supposed to represent a fair average 
of the several points plotted from tests of full reversal. 
Since, for full reversal, max. = —min., all such points 
are plotted on a 45° line, and the diagram cannot extend 
any further to the left than this line. 

Point B (max. is +, min. is —) is supposed to represent 
a fair average of several points plotted from tests of 
tension to a numerically lesser compression. (In the 
probably less important but still conceivable case, it 
might represent compression-to-a numerically lesser 
tension.) 

Point C (max. is +, min. = 0) is supposed to represent 
a fair average of several points plotted from tests of zero- 
to-tension (or zero-to-compression). 

Point D (max. is +, min. = —) is supposed to repre- 
sent a fair average of several points plotted from tests of 
tension-to-a lesser tension (or compression-to-a lesser 
compression). 

At point D shown on Fig. 2, min. = about '/. max. 
It seems probable that little if any testing need be done 
by Committee F to establish points farther to the right; 
for the tests thus far made in that range have indicated 
that if the range of stress is less than */; of the maximum, 
the fatigue strength at 2,000,000 cycles will probably 
exceed the static elastic strength, and accordingly cannot 
replace the latter as the designer’s criterion. 

The line ABCD may be extended in an imaginary and 
unimportant way to point Z, on the 45° line, where max. 
= muin., where, in other words, there is no release of the 
maximum stress, and hence the plotted ordinate repre- 
sents the ultimate strength in a static test. 

The line ABCD is not necessarily straight. The data 
we can afford to obtain may be insufficient, and too con- 
flicting, to determine whether it is or is not. The testing 
thus far performed, here and abroad, has been principally 
zero-to-tension, resulting in knowledge of the ordinate 
OC. Some work has been done, and more will be done, 
in full reversal, resulting in knowledge of the ordinate 
A’A. Ordinates in the neighborhood of B’B, where the 
maximum tensile stress reverses to a compression less 
than the maximum, (or vice versa) are of much interest in 
bridge design. 

It appears that future testing will largely be done on 
the cycle OC; enough will be done on the cycle A’A to 
determine how constant the slope AC may be over vari- 
ous types of joint and for various numbers of cycles; 
enough on the cycle B’B to determine whether ABC is a 
reasonably straight line. After a sufficient amount of 
such data are obtained it is conceivable that such regu- 
larity of relationships might be found, that testing on the 
cycle OC would thereafter be considered sufficient. 

In Appendix 3 it is shown how simply the diagram form 
of Fig. 2 will lend itself to the study of permissible unit 
stresses and their expression in easily handled design 


formulas. 


Diagrams of the form of Fig. 2 will be used by Com- 
mittee F whenever the occasion may arise, in future re- 
ports, to compare fatigue strength under varying max.- 
min. relationships, with the other factors constant. 
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Appendix 1 
B 
S= we (1) 


It is assumed that B and K are constants, and one or 
more (.S, N’s) are known. 


SN* = B 
log S + K log N = log B 
log S = —K log N + log B, which is of the form 
Y=CX+G 


which is the equation of a straight line in which 


Ny Slope K 
B 
log] Si 
log N2 
log 
Fig. 3 


X = any abscissa (log V) 

Y = the corresponding ordinate (log S) 

the slope (— K) 

C, = the ordinate on the vertical axis (log B) 


ll 


Appendix 2 


The experimental values employed in the following 
are taken from reference 5, for purposes of illustration 
only. Discussion of the tests and of the meaning of the 
results will be included in a later report. 


For butt welds in */s-in. carbon steel plate, reinforcing 


on, not-stress-relieved, cycle zero-to-tension, experimen- 
tal data are obtained as follows: 


0 to +30,000 Ib. per sq. in. 253,200 cycles 
241,700 cycles 
190,900 cycles 
277,100 cycles 

1,114,400 cycles 
763,400 cycles 
816,000 cycles 


0 to +28,000 Ib. per sq. in. 
0 to +25,000 Ib. per sq. in. 


From these are calculated, using K = 0.13 in equation 
(3): 
From the first four values, 
if N = 100,000, F = 33,900 Ib./sq. in. 
33,700 
32,600 
32,000 


Av. 33,100 
From the last three values, 


if NV = 2,000,000, F = 23,200 Ib./sq. in 
22,100 
22,300 


Av. 22,500 


Note that only the four tests falling reasonably near 
100,000 cycles are here used in calculating F at 100,000; 
and only the three tests falling reasonably near 2,000,000 
cycles are used in calculating F at 2,000,000. 

In Fig. 4 the average F = 33.1°kips/sq. in. for 100 
thousands of cycles is plotted (on logarithmic paper) as 
point A; and the average F = 22.5 kips/sq. in. for 2000 
thousands of cycles is plotted as point B. The seven 
individual experimental values of S with corresponding NV 
are also plotted. (1 “kip’’ = 1000 Ib., a customary 
abbreviation in the literature of structures.) 

A line with the slope K = —0.13 is drawn through A, 
and a line with the same slope is drawn through B. In 
this instance the two lines practically coincide, and pass. 
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nicely through the plotted positions of the individual 
tests, indicating that the procedure gives excellent results 
for this group of tests in which it happened that the 
individual tests were very consistent with one another. * 

The agreement between the curve and the data is not 
always so precise. Other data corresponding to the 
foregoing, with the difference only that the welded 
specimens were stress relieved before testing®, are as 
follows: 


0 to +30,000 Ib. per sq. in. 182,700 cycles 
140,200 cycles 
796,300 cycles 
526,500 cycles 

1,292,700 cycles 
341,000 cycles 

1,034,800 cycles 
From these are calculated using K = 0.13 in equation 

(3): 

From the first two values, 

if N = 100,000, F = 32,400 lb./sq. in. 
31,400 


Av. 31,900 


0 to +25,000 Ib. per sq. in. 


From the last five values, 
if N = 2,000,000, F = 26,600 Ib./sq. in. 
25,200 
23,600 
19,900 
23,000 


Av. 23,700 


In Fig. 5 the average F = 31.9 kips/sq. in. for 100 
thousands of cycles is plotted as point G; and the average 
F = 23.7 kips/sq. in. for 2000 thousands of cycles is 
plotted as point H. The seven individual, experimental 
values of S with corresponding WN are also plotted. 

A line with the slope K = —0.13 is drawn through G, 
and a line with the same slope is drawn through H. But 
in this instance the two lines are seen to be separated by 
an appreciable distance. Moreover, tests of the group 
which they represent are quite scattered, so that it is 
difficult to draw a line satisfactorily from these tests 
alone. 

If, however, the family relationship expressed by K 
may be assumed to exist, it will be helpful in arriving at 
the most probable interpretation of such groups of tests 
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Fig. 5—S-N Diagrams for Butt Welds in ’/,;-In. Carbon Steel Plates. Reinforcement on. Stress 
n 
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~ * The coincidence may also be demonstrated by the following algebraic 
solution: 


If F = S(N/n)* and S = B/N®-13 (equation 1), then: 


F = aon for all associated values of F and n, 


e.g., 33.1 = (F in kips/sq. in., in thousands of cycles) 


1000-13 
B = 33.1 X 100918 = 60.23 (log B = 1.779828) 
log S = log B — 0.13 log N (from equation 1), which is of the form 


log S = a + blog N; therefore log S and log N have a linear relationship and 
: is necessary to locate only one more point to plot the desired line through 
> 


Let N = 2000, for instance. 
log S = log B — 0.13 log 2000 = 1.779828 — 0.429134 = 1.350694 
S = 22.42 kips/sq. in 
B 
20000-13 
B = 22.5 X 2000°15 = 60.44 (log B = 1.781317) 
Let N = 100, for instance. 
log S = log B 0.13 log 100 = 1.781317 — 0.260000 = 1.521317 
S = 33.21 kips/sq. in. 


Similarly, for point 0, 22.5 = 


Comparing 22.42 thus calculated for N = 2,000,000 from the data that 
established point P with 22.5 from which point Q was plotted, and comparing 
33.21 thus calculated for N = 100,000 from the data that established point Q, 
with 33.1 from which point P was plotted, it will be seen how close the two 
lines thus established are to exact coincidence 
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as are mutually somewhat inconsistent; provided that, 
as in the foregoing instance, enough specimens with the 
same characteristics are tested to establish a value for K. 
The relative error in the value of F at 2,000,000 cycles, 
resulting from an error in the assumed value ef K, de- 
pends upon the amount by which the experimentally 
derived N varies from 2,000,000. 
Thus: 


If N = . 1.072S; 
1.0948; 

If N = 2,000,000, for K , = 1.0S; 
for K he 1.0S; 
for K 16 1.0S. 

If N = 1,500,000, for K ; 0.972S; 
for K li 0.968S; 
for K 16 0.955S. 

If N = 1,000,000, for K 0.933S; 

= 0.914S; 
= 0.895S. 
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ii N = 500,000, for K = 0.10, F = 0.87058; 
for K = 0.13, F = 0.8385; 
for K = 0.16, F = 0.8025. 


If, then, it be true that the S/N curve closely approxi- 
mates the form assumed in equation (1), and if the true 
value of K, could it be known, is in reality closer to 0.10 
or to 0.16 than to the value of 0.13 arrived at by a 
study of the data at hand; then the error in the calcu- 
lated fatigue strength at 2,000,000 cycles may reach 
(0.036/0.802) slightly more ‘than 4 per cent, values of N 
less than 500,000 being excluded. 

Similarly for the fatigue strength at 100,000 cycles we 
find: 


ii N = 500,000, for K = 0.10, F = 1.1755; 
for K = 0.13, F = 1.2335; 
for K = 0.16, F = 1.29458. 
If VN = 400,000, for K = 0.10, F = 1.1505; 
for K = 0.13, F = 1.1975; 
for K = 0.16, F = 1.248S. 
If N = 300,000, for K = 0.10, F = 1.11658; 
for K = 0.13, F = 1.154S; 
for K = 0.16, F = 1.1928. 
If VN = 200,000, for K = 0.10, F = 1.0725; 
for K = 0.13, F = 1.094S; 
for K = 0.16, F = 1.117S. 
If N = 100,000, for K = 0.10, F = 1.0S 
for K = 0.13, F = 1.0S 
for K = 0.16, F = 1.08. 
If N = 50,000, for K = 0.10, F = 0.9335; 
for K = 0.13, F = 0.9145; 
for K = 0.16, F = 0.8955. 
If N = 35,000, for K = 0.10, F = 0.9005; 
for K = 0.13 F = 0.8738; 
for K = 0.16 F = O.845S. 


Thus, as above, if the true value of K were closer to 
0.10 or to 0.16 than to 0.13, the error in the fatigue 
strength at 100,000 cycles calculated by assuming K = 
0.13, might reach slightly more than 4 per cent, values of 
N less than 35,000 or greater than 400,000 being excluded. 

The foregoing tabulations show also that, for a given 
maximum stress S in a stress cycle, a large variation in JN, 
the number of cycles endured by duplicate specimens, 
does not necessarily mean a large variation in computed 
fatigue strength. Thus if two specimens, S being the 
same, failed, respectively, at 200,000 and 400,000 cycles, 
the ratio of cycles would be 2 : 1, but the ratio of fatigue 
strength at 100,000 cycles would be 1.197 : 1.094 = 
1.09 : 1. 


Appendix 3 


The design formulas for welded joints, found in the 
AMERICAN WELDING SOCIETY’s “Specification for Welded 
Highway and Railway Bridges,” are typified by that 
for butt welds in shear, viz., 


Max. — '/2 Min. Max. 
9000 but not less than 12,000 
inwhich A = required weld area 
Max. = maximum total stress on joint 
Min. = minimum total stress on joint 


As is shown and fully discussed and illustrated in 
“Appendix A” of that specification, such formulas pro- 
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ceed simply from a plot of the available test data in the 
form of Fig. 2 of the present report. 
Assume that a safe value for shearing fatigue strength 
at 2,000,000 cycles in full reversal has been found to be 
10,000 Ib. per sq. in., and that therefrom a value of 6000: 
has been selected as the permissible unit stress in full 
reversal, and plot this as f_, giving point P in Fig. 6. 


Ry 


WHEN STRESS RANGE IS FROM 
p 


FOR FULL REVERSAL. 


m TO M. 


Fig. 6 


Assume that a safe value for shearing fatigue strength 
at 2,000,000 cycles on a cycle zero-to-max. has been 
found to be 18,000 Ib. per sq. in., and that therefrom a 
value of 9000 has been selected as the permissible unit 
stress on the cycle zero-to-max., and plot this as fo giving 
point Q in Fig. 6. 

Assume that the permissible unit stress for static and 
near-static shear has been selected, after due considera- 
tion of the static yield and ultimate strengths, as 12,000, 
and plot this at K in Fig. 6. 

Then a straight line joining P and Q, and continued 
until it cuts a horizontal through C? gives a satisfactory 
design relationship between the max. (ordinate) and min. 
(abscissa) unit stresses for any possible combination of 
max. and min., in so far as the data cited will suffice. 
_ fo —f-1 _ 9000 — 6000__,, 
Then slope of line AB = 6000 

Let “”’ be the maximum unit stress permissible in 
repeated alternation with any minimum unit stress “‘m.” 


Let “A”’ be the required weld area. 
Max. (maximum total stress on joint) 
Ae AXIMUIT 
M 
Max. 
= (by geometry) (slope P-Q being '/s 
as above found) 
Max. 
i /, , Min. (minimum total stress on joint) 
ft 
Clearing, A X fo + '/2 Min. = Max. 
Max. — Min. Max. — '/» Min. 
fo 9000 


The objective of Committee F is to provide the experi- 
mental data from which the values fo and f—;, and the 
general shape of the line P-Q-R, Fig. 6, for all the cases 
arising in construction, can safely be determined by 
specification writers. The application of values so deter- 
mined, to the algebraic transformation just illustrated, 
will yield design formulas of a type which can be easily, 
and in large measure mentally, applied to design of joints 
as soon as a stress sheet showing ““Max.”’ and ‘‘Min.”’ is 
supplied. 
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Behavior of Spot Welds Under Impact 


By A. M. Unger,' H. A. Matis’, and E. P. Gruca' 


S every Welding Engineer knows, the art of resist- 
ance welding has developed rapidly in the past 
few years. Newer types of steels welded by 

highly developed processes and equipment have given 
the engineer freer range in his design of important struc- 
tures. No longer are the static properties of a spot weld 
in shear all inclusive for design purposes. More and more 
thought is being given to the dynamic properties of the 
weld. Research of this type is being done to supplement 
the standard tests{ of spot welds as given by the Amrr- 
ICAN WELDING Society for shear and U-tensile values. 
How a spot weld will stand up under fatigue stress and 
impact stress is important for the designer to know. The 
fatigue investigations that will be carried on by the 
various manufacturers and by the AMERICAN WELDING 
Society undoubtedly will give much interesting and use- 
ful data. This paper will cover the results of some pre- 
liminary test work that has been done to determine the 
impact properties of a spot weld. 

7A paper receiving the first prize in the Resistance Welding Contest of the 
AMERICAN WELDING Society, sponsored by R.W. M.A. Contribution to the 
Fundamental Research Division 

t Plant Engineer, Asst. Plant Engineer, and Metallurgist, respectively, 
Pullman-Standard Car Mfg. Co., Chicago. 


t “Suggested Methods of Testing Tue Wertpinc JourRNAL, 
19 (9) Research Suppl., 333-s to 334-s (1940). 


Fig. 1—View of Machine Used for Impact Test- 
ing of Spot Welds 


The equipment used in making the impact tests for 
this article was a standard Riehle machine used to make 
Izod and Charpy tests (Fig. 1). The standard anvils 
and grips were replaced with an attachment that had 
been designed to test sheet metal tensile specimens in im- 
pact. The machine has two capacities, 110 and 220 ft.- 
Ib. These capacities are determined by the height to 
which the pendulum is raised. In all of our tests the 
maximum capacity of 220 ft.-Ib. was used. 

The specimen used in the impact tests is shown in Fig. 
2. One of the specimens is assembled in the grip block 
attached to the crosspiece. The other end of the speci- 
men, when ready for test, is gripped by the blocks in the 
pendulum. As can be seen in the photograph, the speci- 
men consists simply of two pieces */, in. in width lapped 
1 in. so as to give an over-all length of 8 in. and joined 
together with a single spot weld. The specimen is gripped 
firmly at each end to prevent slippage (Fig. 3). Any 
energy absorbed in slipping would add to the result ob- 
tained and give an erroneous value. In testing, when the 
pendulum reaches the bottom of its swing, the crosspiece 
attached to the grip block strikes the anvil block. This 
prevents further movement of the crosspiece, resulting 
in an impact load being applied to shear the spot weld. 


Fig. 2—Impact Specimen and Grip Block 


Fig. 3—-Close-Up Showing Impact Specimen Gripped Ready for Test 
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The energy required to fracture the weld is recorded in 
foot-pounds. 


Materials Tested 


The materials chosen to make the test were mild 
steel, a low-alloy high-tensile steel (Cor-Ten), and 18-8 
stainless steel. Two grades of stainless were used, an- 
nealed (low-tensile) and cold rolled (high-tensile). Fig- 
ure 4 gives stress-strain curves on the materials that were 
used. The mild steel was low carbon, which has been 
spot welded for years with satisfactory results and was 
included so that results on the other metals could be 
compared with it. The thickness of all material used in 
the tests was 18 gage (0.050 in.). 


Welding of Test Specimen 


To check the effect of welding with different settings on 
the impact strength of a spot weld it was decided to use 
five different timings—4, 7, 10, 15 and 20 cycles. For 
each of these timings the current was varied from the 
minimum value that would weld to above the maximum 
value that could be used. The currents above this 
maximum value gave excessive expulsion of metal. The 
pressures used were standard values found to be satis- 
factory in production work. 

For each setting several shear and impact samples were 
made so that a good average could be obtained. A third 
set of samples were made at each setting so that they 
could be cross sectioned for measuring the diameters of 
the spot welds. 


SHEAR STRENGTH-CURRENT C 
FOR SPOTWELDS IN VARIOUS ST 
MADE AT 4 CYCLES 


URVE SHEAR STRENGTH - SPOT SIAmMETES SHEAR STRENGTH - SPOT DIAME 
EELS CURVE FOR SPOTWELDS IN VARIOU ' 
STEELS MADE AT 4 


Discussion of Tests Results 


Shear Strength 


Figure 5 shows the results of the tests on shear speci- 
mens made at 4 cycles. The curve is plotted showing 
variation of shear strength with the current used. Data 
is plotted from results on the various steels used when 
welded at this timing. High-tensile stainless welds at the 
lowest current, because it has the highest electrical re- 
sistance; mild steel requires the highest current, of the 
materials used, since it has the lowest resistance. Curves 
plotted at the other timings would show the same rela- 
tionship to each other as the welding time is increased 
from the minimum to the maximum values used. For 
the longer time, the weld strength obtainable is higher 
and the current required to weld is lower. In production 
a different timing would be chosen for each of the various 
materials. For example, the stainless steel would be 
welded at 10 cycles, whereas the Cor-Ten steel would be 
welded at 15 cycles. Several timings were used in these 
tests as mentioned previously to determine what effect 
the various timings would have on impact properties of 
the spot weld. 

In order to get a more direct comparison in strength of 
spot welds in the various materials, the shear strengths 
were plotted against weld diameters measured on etched 
cross sections of the welds. These values are shown in 
Figs. 6 to 10. 

The strength of the welds in mild steel, Cor-Ten and 
stainless for the same size spot welds is in the same order 
as the strength of the parent metals as shown by the 
stress-strain curves in Fig. 4. The welds in low-tensile 
and high-tensile material have been annealed by the 
heat used in making the weld. The longer times used 
gave larger spot welds. 


Impact Strength 


Figure 11 illustrates several of the impact specimens 
showing the types of fracture. Some of the samples 
failed in shear, especially the smaller spot welds. Others 
pulled a “plug’’ or ‘“‘button” out of one or both of the 
pieces. The mild steel specimen in the photograph is 
typical of many of the fractures obtained in this steel 
with the larger spot welds. If the specimen could have 
been wider, failure of the parent metal could have been 
prevented. 

The values obtained in the impact tests were plotted 
against the diameter of the spot weld, as was done with 

Tee 
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CYCLES STEELS MADE AT 7 CYCLES 


3500, 


| 


SSS 


4 
4 STEEL 
| 
| 


STAINLESS 


n 


j 

+ fe + 


STRENGTH - POUNDS/SPOT 


4 
HIGH TENSILE | 
LSTAINLESS | 
| M*=MAXIMUM 
CURRENT SETTIN 
| 


SHEAe 


| 


SHEAR STRENGTH - POUNDS/SPOT 


| 


LOW TENSILE + 


f | 
HIGH TENSILE 
STAINLESS 


Nn 


Low ~ TENSILE 
$s - 


STRENGTH POUNDS/SPOT 


‘HIGH TENSILE 
STAINLESS 


+ 

| 

| 


SHEAR 


| 

10 12 14 le 18 20 622 4 8 
AMPERES x 103 


SPOT DIAMETER (IN 64 THS) 
FIG.5 FIG. 6 


SPOT DIAMETER 64 THS) 
FIG. 7 


IMPACT SPOT WELDS 


| ; 
| 
as 
110 — 
LOW TENSILE STAINLESS “ey 
> ‘ 
1 
> 
S 
tte 
| 
| “a2 MILD STEEL | A MILD STEEL 
4 | | | | 0° 
| 
| | | | 
1942 95-s 
‘ay 


SHEAR STRENGTH- SPOT DIAMETEP 


CURVE FOR SPOTWELDS IN VARIOUS 1M! 
SHEAR STRENGTH-SPOT DIAMETER SHEAR STRENGTH- SPOT DIAMETER STEELS MADE AT 20 CYCLES cu 
CURVE FOR SPOTWELDS IN VARIOUS CURVE FOR SPOTWELDS IN VARIOUS 40 - STi 
STEELS MADE AT 10 CYCLES STEELS MADE AT 15 CYCLES i 
3500. 350 | 80 

5 STAINLESS conten Low TENSILE FZ Ge | sc 
5 | 5 j | STEEL | 
AA | | Z 
z 5 — —t = 500 STAINLESS 
TENSILE 0 
“STAINLESS 
SPOT DIAMETER (in ©4THS) SPOT DIAMETER (\N 64 THS) SPOT DIAMETER(N 64THs) 
FIG. 8 FIG.9 FIG.10 
the 
4 to 
the shear strength values. Separate curves were made had been reversed. Mild steel which had the lowest four 
for each timing and on each curve the values obtained shear strength has the highest impact strength. An ex- is g 
for the various materials used in the tests were plotted. amination of the elongation curves on mild steel shows were 

- The curves are shown in Figs. 12 to 16. that the parent metal is elongated even when testing the wit 

A study of these curves shows that as the spot di- smaller spot welds. High-tensile stainless gave the low- E 
ameter increases a point is reached at which the impact est values in the impact tests since the heat of the weld mac 
strength of the weld suddenly increases. This abrupt had softened and annealed the weld metal. As the parent stre 
rise is due to the energy absorbed in the stretching or metal has a high yield point, it does not elongate, as wit! 
elongation of the material. Before testing the impact shown by the curves, Figs. 17 to 21. The full impact the 
specimens, they were carefully marked with gauging force must then be absorbed by the weld metal which adj 
points so that the elongation resulting from the impact has a much lower yield point. The softer metal in the hea 
load could be measured. Figures 17 to 21 show curves’ weld is therefore in this case a definite disadvantage as far will 
plotted using the elongation values that were measured. as impact stress is concerned. ° The 
The elongation values are plotted against diameter of the To show the influence of timing used to make the welds, easi 
spot weld so that they can be compared with the impact Tables 1 to 4 were prepared. These tables show the im- 
results in Figs. 12 to 16. The curves are also compiled pact properties of welds in the same material, and for = 
for the various timings and materials as were the previous 
curves. The materials with the lower yield points natu- = - 
rally are the first ones to show any elongation. Mild Table 1—Im Strength of S 

steel and the low-tensile stainless both have low yield ; “a T 
points. Mild Steel 

By comparing the impact strength curves with the Timein Cycles Impact Strength in Foot-Pounds for Various 
elongation curves, it is noted that a sudden increase in 
elongation occurred at the same point that the sudden ‘ 3 08.5 7 
increase in impact strength occurred. This means that - 60 125 193 2% 33 
besides the energy used to fracture the weld, energy was 10 6.0 9.3 12.6 @ 34 
absorbed in stretching the parent metal. 15 ; 6.0 12.0 19.8 33 = 

An interesting point learned from these impact tests 20 52 67 #93 
is that the order of strength as found in the shear tests 
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the same size of weld made with weld timings from 
4 to 20 cycles. A separate table is given for each of the 
four different steels that were used. The impact value 
is given for several sizes of welds. The smaller welds 
were made with the lower currents and the larger welds 
with the higher currents. 

Examining Table 1 for mild steel we find that welds 
made with the shortest timing gave the greatest impact 
strength. The reason for this is, no doubt, connected 
with the metallurgical properties of the weld metal and 
the metal surrounding the weld. At the short timing the 
adjacent metal to the weld will not have absorbed as much 
heat, therefore the weld is quenched quicker. The metal 
will be slightly harder and higher in tensile strength. 
The impact value of the specimen depends upon how 
easily the weld can be fractured. When the weld and sur- 


Table 2—Impact Strength of Spot Welds 
Cor-Ten 


Impact Strength in Foot-Pounds for Vari- 
ous Diameters of Spot Welds 

8/64 14/64 
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18.2 
15.0 
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Used to 
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Table 3—Impact Strength of Spot Welds 


Low-Tensile Stainless Steel 
Time in Cycles 
Used to 


Make Weld 


Impact Strength in Foot-Pounds for Various 
Diameters of Spot Welds 


Table 4—Impact Strength of Spot Welds 


High-Tensile Stainless Steel 


Impact Strength in Foot- 
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energy in stretching. For impact stresses in mild steel, 
it is a definite advantage to have harder metal in the weld. 

Table 2 for Cor-Ten does not show as much difference 
between the short-time welds and the long-time welds 
as the mild steel. The results for the larger welds are 
about the same at the long time as at the short time. 

Table 3 for the low-tensile stainless steel shows the 
same trend for higher impact strength at short timing as 
did the mild steel. The difference is not as great since 
there is not much change in hardness between the parent 
metal and the weld metal. 

Table 4 for the high-tensile stainless steel shows im- 
pact strength decreasing with the timing used from 4 to 
10 cycles and then increasing with timing from 10 to 20 
cycles. The difference, however, is not very great. 


Future Work on Impact Tests 


The work described in this paper is only of a prelimi- 
nary nature as much more can be done in regard to im- 
pact testing of spot welds. As stated previously, the 
machine used in our tests was a standard machine with 
grips designed for testing of sheet metal tensile speci- 
mens. Therefore the size of specimen used was limited 
by the size of the grips. It would be better to be able to 
use a wider specimen in order to reduce the elongation in 
the parent metal. For heavier thicknesses higher capa- 
city equipment will be necessary. 

We believe that very interesting properties of spot 
welds can be determined by future use of impact test 
methods. 


on Joints 


The Effects of Welding Procedure 
Made 


in Type 304 


Stainless Steel’ 


Introduction 


HIS investigation was conducted to determine the 

effects of welding procedure on the macrostruc- 

ture, the hardness distribution and the micro- 
structure of a restrained joint of 18-8 stainless steel, 
Type 304, when manually arc welded with coated elec- 
trodes. The deposited metal was of a composition simi- 
lar to that of the base metal. A need for such a study of 
the welding procedure for 18-8 electrodes was found in 
attempting to set up the best procedure for welding with 
these electrodes. The author was of the opinion that 
* Submitted in partial fulfilment of the requirements for the degree of Master 
of Science in the Graduate Division of Armour Institute of Technology. 
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the present recommended procedure of using stringer 
beads for these electrodes was not the most economical 
from a standpoint of production welding, especially when 
the carbon content of the base metal and filler metal 
was held below 0.08 per cent. It was hoped that a more 
rapid procedure would produce results as satisfactory as 
the recommended method. 


Welding and Testing of Electrodes 


Materials Used and Preparation 


The plates used in this study were forged into 12 x 5 x 
'/,-in. pieces from billet stock of the following analysis: 
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Phos- Sul- 
phorus, phur, Si, 
% % % 
0.05 17.5 8.97 0.43 0.017 0.010 0.25 


After forging, the plates were air cooled to room tempera- 
ture. They were then annealed by heating to 1950° F., 
holding temperature for fifteen minutes and water 
quenching to room temperature. 

These plates were sawed in half at the required angle and 
the sawed edges ground to remove all of the saw marks. 
Prior to welding the entire joint assembly was cleaned 
with a solvent to remove all oil, grease and foreign ma- 
terial. 

The backing up strips were sawed from standard 
weight, seamless tubing of Type 304 stainless steel. 
These strips were straightened cold under a forge hammer 
and annealed by heating to 1950° F., holding tempera- 
ture for five minutes and water quenching to room 
temperature. 


ol Ce, Ni, Mn, 
or 
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Fig. 1—Test Setup 


For supporting plates two 12 x 6 x '/2-in. mild steel 
sections were used on each welding setup. To clamp 
the entire assembly, thus preventing any warpage, two 
extra strong C-clamps were employed. 

The majority of weld tests were made with electrodes 
supplied by one manufacturer, but because of the un- 
expected results several other manufacturers’ electrodes 
were welded, serving as simple check tests. In order 
that this paper may be presented independent of the 
merits of any manufacturer’s electrode each type of elec- 
trode shall be identified as shown in Table 1. 


Table 1—Identification of Electrodes 


Electrode Diameter Electrode Analysis, % 
Type Identification Used, In. Cc Cr Ni Cb 


18-8 A 5/32, 3/46 0.07 max. 19 9 .... 
18-8, Cb A’ 1/, 0.07 max. 19 9 0.70 
18-8 B 1/, 19 
18-8, Cb B’ 1/s 0.07 max. 19 9 0.70 
18-8 0.07 max. 19 9 .... 


Electrode A was used for test Groups I, II, III, IV, VI 
and VII; electrode A’ was used for test Groups V and 
VI; electrodes B and B’ for test Group VI; and electrode 
C for test Group VII. 


Welding Procedure 


The general welding setup was made by clamping two 
beveled sections of test plate to two thicknesses of mild 
steel plate. This setup resulted in a very rigid joint 
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Fig. 2—Macrographs of Group I 


assembly which was light enough to be handled easily for 
water quenching after welding. By this arrangement a 
majority of the thermal stresses remained in the joint 
and were not relieved by any movement of the test 
plates. To prevent any carbon pick-up from the mild 
steel supporting plates on the first pass, backing strips of 
approximately the same analysis as the test plates were 
placed between the mild steel plates and the test plates. 
The setup is shown in Fig. 1. 

Three different sizes of electrodes were used, '/s in., 
°/~ in. and */y in. The welding voltage was deter- 
mined by the rod manipulation. In all cases the burning 
off rate of the electrode was maintained at such a value to 
just prevent the leading edge of the coating from drag- 
ging. The amount of heat used under these conditions 
was varied by means of the current, the variation being 
as shown in Table 2. 


Table 2—Current Variations 


Diameter of Electrode, In. Current Variation, Amp. 


1/, 90 to 100 
120 to 140 
3/16 160 to 180 


In depositing the metal the electrode was held perpen- 
dicular to the surface of the test plate in a plane perpen- 
dicular to the line of travel and tilted at an angle of about 
75° in the plane of travel. The stringer beads were de- 
posited in a straightforward method without oscillation 
whatsoever. Weaving was accomplished by a simple 
side to side oscillation, advancing the electrode at such a 
rate to fill the groove without any undercutting. In all 
cases reverse polarity with the electrode positive was 
used. 

Welding power was supplied by a modern, well-stabi- 
lized welding generator. 

When water quenching was employed the entire test 
assembly was immediately quenched in water at room 
temperature after each bead was deposited. The as- 
sembly was allowed to remain in the water until it had 
reached a temperature below the boiling point of water. 
The remnants of slag remaining on the deposited bead 
were then removed by a scaling hammer and the entire 
joint wire brushed and wiped dry. 

In air cooling, the assembly was cooled so that no part 
| in. or farther from the edge of the joint was above 212° 
F. Between each successive deposit the slag was com- 
pletely removed by means of a scaling hammer and the 
entire joint wire brushed to remove all foreign material. 
The clamps were not removed until the entire assembly 
had cooled to room temperature. 


Welding Procedure of Test Groups 


The following welding procedures were used for each of 
the test groups. 
Group I.—This group consisted of three specimens. 
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Fig. 3—Macrograph of Sections of Groups II, III and IV 


The test plates were beveled to a total angle of 60° and 
were rigidly clamped to the two mild steel plates with 
backing up strips between the test plate and the sup- 
porting plates. The test plates were spaced '/, in. 
apart. Welding was done with °/3 in. diameter Type A 
electrodes using the following procedures: 


1. Straight stringer beads, water quenched after each 
deposit. A total of nine passes was deposited in 
the groove. 

2. Straight stringer beads, air cooled between each 
successive bead. Nine beads were deposited in 
the groove. 

3. Weaving full width between the plate edges, cooled 
to room temperature between passes. Four 
weld deposits were made in the groove. 


After welding each assembly was cooled to room tem- 
perature and the supporting plates and backing up strips 
removed. A single pass weld was then made on the back 
side. 

Group II.—In this group a total of four specimens was 
welded. The test plates were beveled to a total angle of 
90° and were clamped as previously described. The 
beveled plates were spaced '/; in. apart, or one-half the 
diameter of the electrode. Using '/s in. diameter Type 
A electrodes, the following procedures were employed: 


1. Straight stringer beads, water cooled after each 
bead. Nineteen beads were deposited in the 
groove. 

2. Stringer beads, air cooled after each bead. A 
total of seventeen passes was made in the 
groove. 

3. Weaving of the electrode two diameters. Beads 
air cooled between each successive deposit. 
Total of fourteen beads deposited. 
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4. Full puddling between the*edges of the beveled 
plate. Air cooled between each deposited 
layer. Only six beads deposited, 


Group III.—As in group II four specimens were 
welded. The test plates, beveled to a total angle of 90°, 
were spaced °/g in. apart. For this group °/» in. di- 
ameter Type A electrodes were used with welding pro- 
cedures as follows: 


1. Stringer beads, quenched in water after each de- 
posit. Sixteen beads were deposited in the 
groove. 

2. Single stringer beads. Each bead air cooled after 
welding. Total of fifteen passes made. 

3. Each pass made by weaving two diameters of the 
electrode. Air cooled between successive beads. 
Ten passes made in filling the groove. 

4. Beads deposited by full weaving between the 
edges of the groove. Only six passes made with 
this procedure. 


Group IV.—For this group of four specimens the total 
beveled angle was 90° with the plates spaced */» in. apart 
in assembling. Welding with the following procedures 
5/1, in. diameter electrodes were used. 


1. Stringer beads, water cooled after each deposit. 
Fourteen passes were made with this procedure. 

2. Stringer beads. Each deposit air cooled after 
welding. Total deposits numbered twelve. 

3. Electrodes deposited by weaving twice the di- 
ameter of the electrode. The beads were air 
cooled after welding. Nine passes made. 

4. Each deposit made by weaving the electrode the 
full width of the groove, and air cooled before the 
next deposit was made. With this procedure 
only five passes were necessary to fill the groove. 
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Group V.—One specimen welded with test plates 
beveled to a 90° groove and set up as in the previous 
groups. One eighth inch diameter Type A’ electrode was 
used. The electrodes were manipulated so that each 
bead was not wider than twice the diameter of the elec- 
trode. Each deposit was air cooled after welding. 

Group VI.—For this group a 4 x 5-in. section of test 
plate was surface ground to remove all scale and single 
beads of '/s in. diameter Types A, A’, B and B’ electrodes 
deposited parallel to the 4-in. side. The stringer beads 
were deposited 1 in. apart. 

Group VII.—Single beads of '/s in. diameter Types A 
and C electrodes deposited on the cleaned surface of a 
test plate. 


Heat Treatment of Specimens 


In general, tests were conducted in the as-welded con- 
dition, in the annealed state and after sensitizing at 1200° 
F. One set of specimens from each group was tested in 
the as-welded condition. 

For test Groups I, II, III and IV a set of specimens was 
annealed by heating to 1950° F., holding at temperature 
for fifteen minutes and water quenching to room tem- 
perature. 

Another set of specimens from test Groups II, III and 
IV was sensitized by heating to 1950° F., holding for 
fifteen minutes at temperature, water quenching to room 
temperature and then reheating to 1200° F., holding at 
temperature for one hour and allowing to cool in the fur- 
nace to room temperature. 


Testing Technique 


The examination consisted of a macroanalysis, a hard- 
ness study and a microanalysis. For the macroanalysis 
the sections were polished on a fine grinding wheel and 


Fig. 4—Macrographs of Sections of Groups II, III and IV 
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then placed in hot muriatic acid. Etching was carried 
on for a period of approximately thirty-five hours, the 
acid being allowed to cool to room temperature after the 
sections were placed in the acid. 

The hardness study was made on the surface of the 
macro sections prior to etching. A Wilson Rockwell 
hardness testing machine, using the B-scale and a 100- 
kg. load, was employed. 

The microanalysis samples were polished to remove all 
scratches and then etched electrolytically in a solution of 
sodium cyanide. The etching potential was furnished 
by four 1.50-volt dry cells connected in series. The 
etching time was varied as indicated in the data. 

In general after each joint was completely welded and 
cooled to room temperature it was cut from the test plate 
about '/, in. from the fusion line. The weld specimen 
was then sectioned in the following manner. One inch on 
each end was discarded, the remainder being sawed into 
'/s-in. sections. These sections were examined by vary- 
ing methods depending on the testing group, as follows: 

Group I,—One section of this group was macro etched 
in the as-welded state and another section macro etched 
in the annealed condition. No further study was made 
of this group since it was only used to determine the 
proper welding groove. 

Groups II, III and IV.—As-welded, annealed and 
sensitized sections were examined for macrostructure, 
microstructure and hardness distribution. These groups 
constitute the main body of this paper. 

Group V.—The one section of this group was macro 
etched in the as-welded condition only. 

Groups VI and VII.—A section through the single 
beads of these two groups was etched in hot muriatic acid 
in the as-welded state for about two hours to bring out 
any fusion line decay. 
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Fig. 5—Macrographs of Sections of Groups II, III and IV 


Data 


The figures and tables which follow are given to illus- 
trate the findings of this paper. Although all samples 
were examined, only those demonstrating the conclusions 
are shown. 

Figure 2 shows macrograph of specimens welded ac- 
cording to the procedure outlined for Group I. The top 
row sections are annealed. The lower row are as-welded. 
Note the slag entrapment in the upper sections. When 
attempting to weld the 60° V with stringer beads the 
sides were found to be too steep to prevent the molten 
slag from being trapped during welding. Sections re- 
duced to four-fifths actual size in reproduction. 

The left-hand column of Figs. 3, 4, 5 and 6 are sections 
of specimens welded with '/; in. diameter electrodes, the 
middle column of sections represents specimens welded 
with °/s3: in. diameter electrodes and the right-hand 
column depicts sections of specimens welded with */; in. 
diameter electrodes. 

The top row of sections is from specimens welded with 
stringer beads, water quenched after each deposit. The 
top middle row shows sections of specimens welded with 
air-cooled, stringer beads. The lower middle row de- 
picts sections obtained by weaving two diameters, air 
cooled after each deposit. The lower row represents 
specimens welded with full puddling beads, air cooled. 

Figure 3 shows macrographs of sections of Groups II, 
IIlandIV. The etching time for these sections was only 
one minute. All of the sections are as-welded. Note 
the stress cracks, appearing in this short etching time. 
There is no evidence of fusion line decay. The weld 
metal, although pitted, resisted the etching action of the 
muriatic acid better than the plate material. The sec- 
tions are reproduced full size. 

Sections, etched in muriatic acid, representing Groups 
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II, III and IV are illustrated in Fig. 4. Etching time 
approximately thirty-five hours. All sections are as- 
welded. This figure shows the fusion line decay of all of 
the sections. The stress cracks seem to be more preva- 
lent in the sections having the greatest number of beads 
for each size of electrode. Although the weld metal 
appears pitted it resisted etching much better than the 
plate material. Full size reproduction shown. 

Figure 5 shows macrograph sections of weld specimens 
of Groups II, III and IV, annealed after welding. These 
sections were etched for about thirty-five hours. The 
annealing eliminated fusion line decay of all sections and 
tended to prevent pitting of the weld metal. The stress 
cracks are still prevalent in the sections after annealing. 
The weld metal resisted etching to a greater degree than 
the plate material. The reproduction is full size. 

Figure 6 shows macrographs, long time etch, of sections 
of Groups II, III and IV. Sensitized at 1200° F., these 
samples show no evidence of fusion line decay. Inter- 
granular corrosion, as indicated by this type of acid etch, 
is not present in any of the sections. Note once again 
the stress cracks. Full size reproduction of sections. 

Figure 7 shows macrograph of Group V, welded with 
Type A’ electrodes. The section is as-welded. Fusion 
line decay is present in this sample as in the previous 
data. The stress cracking of this section is very severe, 
especially on the top layers. This is to be expected be- 
cause of the relatively brittle weld metal deposited by 
columbium stabilized type of stainless electrodes. En- 
larged to one and one-half size in reproduction. 

In Group VI a section through the single beads de- 
posited by electrodes A, A’, B and B’ was polished and 
etched in hot muriatic acid. Welds deposited by elec- 
trodes A and A’ showed fusion line decay but the weld 
deposits resisted etching better than the plate material. 
Those deposited by electrodes B and B’ showed no fusion 
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line decay but the welds themselves etched faster than 
the plate material. 

In Group VII a macrograph section of the single bead 
deposits of electrodes A and C, etched in hot muriatic 
acid, revealed fusion line decay of both types of deposit 
but both welds resisted etching better than the plate 
material. 


Table 3—Hardness Distribution* of Test Groups II, III, IV 


and 
Plate Adjacent Top Layer 
Samples to Weld Weld Difference of Weld 

1Alt 7t 92 5 87 
2Al 91 90 —1 85 
3Al 

4Al 81 81 78 
1B1 89 91 2 82 
2B1 87 87 0 76 
3B1 86 87 1 83 
4Bl 86 82 —4 77 
1C1 84 89 5 84 
2C1 88 90 2 87 
3Cl 88 91 
4Cl 86 87 1 82 
1A2 75 83 x 77 
4C2 72 81 9 78 
1A3 74 81 7 78 
4C3 73 80 7 7 

3D1 90 ) 0 81 


Average hardness of plate = 74 


* Hardness readings represent Rockwell-B values. 

t Identification of samples: The prefix numbers indicate the welding pro 
cedure as follows: 1—-stringer beads, water quenched; 2—stringer beads, air 
cooled; 3—weaving two diameters of electrode, air cooled; 4—full puddling, 
air cooled. 

The middle letters indicate the type and size of electrode thus: A—'/s in 
diameter Type A electrodes; B—'/: in. diameter Type A electrodes; C 
*/w in. diameter Type A electrodes; D——5/» in. diameter Type A’ electrodes 

The suffix numbers indicate the type of heat treatment as follows 1—as 
welded sections; 2—annealed sections; 3——sensitized sections 

} All values are the average of at least three hardness readings. 


Fig. 6—Macrographs of Sections of Groups II, III and IV 
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Fusion line of sample 3A1 is shown in Fig. 8 weaving 
two diameters with '/s-in. electrodes in as-welded condi- 
tion. Electrolytically etched for ten minutes in a sodium 
cyanide solution. Figure 8 is magnified to 75 diameters, 
Fig. 9, 375 diameters. The fusion line is indicated by 
arrows on both figures. 

The structure of the base metal and weld is not fully 
developed by this short etching time but since the 
sensitized samples revealed carbides in this etching time 
it was used for these samples to show the absence of any 
carbides in the fusion zone. Note the slightly heavier 
etch of the weld at the fusion line. 

Figures 10 and 11 shows sodium cyanide electrolyti- 
cally etched micrographs of fusion line at 75 diameters 
and 375 diameters. The sample, 4Cl, is as-welded, 
representing full puddling with */,-in. electrodes. 
Etching time ten minutes. The fusion lines are indicated 
by arrows. As in Figs. 8 and 9 the true structure of the 
base metal is not brought out by this short etch. No 
carbides are revealed in the heat-affected zone. The 
structure of the weld is similar to that shown in the 
previous two figures. 

Figures 12 and 13 show annealed micrographs of sam- 
ple 1A2, stringer beads, quenched in water, '/s in. diam- 
eter electrodes. Etched electrolytically in solution of 
sodium cyanide for twenty minutes. Figure 12 was 
taken at 75 diameters, Fig. 14, 375 diameters. Arrows 
indicate the fusion line. Note that the lower magnifica- 
tion does not have sufficient resolving power to bring out 
the true structure. The fusion line at 375 diameters 
shows grains growing from the base metal to the weld 
without any apparent difference in structure. 

Figures 14 and 15 show micrographs of annealed sec- 
tion 4C2, electrolytically etched in_a solution of sodium 
cyanide for twenty minutes. Saniple welded with */. 
in. diameter electrodes, full puddling. The fusion line 
is indicated by arrows. Note the severe pitting of the 
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Fig. 7—Macrograph of Group V Specimen 


weld metal at 375 diameters as compared with that of 
Fig. 12. 

Figures 16 and 17 show sensitized micrographs of sam- 
ple 1A3, water quenched, stringer beads, using '/s in. 
diameter electrodes. Electrolytically etched in solution 
of sodium cyanide for ten minutes. Fusion line indi- 
cated by arrows. Carbide precipitation is in evidence in 
both the plate metal and the weld to about the same de- 
gree. Note the small outlined grains at the fusion line of 
the weld metal. 

Micrographs of sensitized section 4C3 full puddling 


beads, using */,. in. diameter electrodes. Etching time, 
solution and magnification same as Figs. 16 and 17. 
Arrows indicate fusion line. Structure almost identical] 
with that of Figs. 18 and 19. The fine grained structure 
at the fusion line of the weld metal is not as definite as in 
sample 1A3. 


Discussion of Results 


Welding Technique 


In welding with Type A electrodes, using four different 
procedures, it was noted that all four resulted in deposits 
free of any porosity. The slag of all five types of elec- 
trodes was easily removed. With the Type A electrodes 
the procedure had no effect on the ease of slag removal. 
All types of electrodes had a very low spatter loss. 
Each had a steady arc and handled easily. Of the five 
types, Type A handled the best, considering all around 
weldability. The slag of Types A, A’ and C covered the 
deposited metal uniformly while that of Types B and B’ 
tended to run to the sides of the bead thus resulting in a 
non-uniform coverage of the deposited bead. No arc 
blow was encountered since the 18-8 austenitic steels are 
non-magnetic. 

The coating of these welding electrodes is composed 
chiefly of minerals and was found to crack during 
welding, due to the heat developed by the high electrical 
resistance of the electrode metal. Cracking was found to 
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Fig. 8—Fusion Line Micrograph of Sample 3Al, 75. Fig. 9—Fusion Line Micrograph of Sample 3A1, 375 x. 

Fig. 10—Fusion Line Micrograph of Sample 4Cl, 75X. Fig. 11—Fusion Line Micrograph of Sample 4Cl, 

375X. Fig. 12—Fusion Line Micrograph of Sample 1A2, 75x. Fig. 13—Fusion Line Micrograph of Sample 
1A2, 
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Fig. 14—Fusion Line Micrograph of Sample 4C2, 75x. Fig. 15—Fusion Line Micrograph of Sample 4C2, 

375. Fig. 16—Fusion Line Micrograph of Sample 1A3, 75x. Fig. 17—Fusion Line Micrograph of 

Sample 1A3, 375. Fig. 18—Fusion Line Micrograph of Sample 4C3, 75x. Fig. 19—Fusion Line Micro- 
graph of Sample 4C3, 375 x 


be proportional to the size of the electrode. The cracking 
of the coating on the '/s in. and *°/s in. diameter elec- 
trodes caused no trouble but the coating of the */)¢ in. 
diameter electrodes spalled off into the arc crater of the 
deposit before it had been melted by the heat of the arc. 


Welding Procedures 


Of the four procedures—stringer beads, quenched in 
water; stringer beads, air cooled; weaving beads two 
diameters of the electrode, air cooled; and full puddling 
between the sides of the groove, air cooled—the third 
method was selected as being the most satisfactory. 

With the stringer bead procedures the large number of 
passes resulted in an increase in the thermal stresses over 
the other methods. These stresses are illustrated by the 
greater number of cracks as shown in Figs. 3, 4, 5 and 6. 
Cracks were not visible at the surface of any bead. The 
time necessary to completely fill the groove with stringer 
beads was much longer than with the other methods. 

By weaving twice the diameter of the electrode the de- 
posit was relatively free of stress cracks while the welding 
time was decreased. 

Full puddling was ruled out because the shrinkage of 
the crater at the end of the weld resulted in cracks which 
were visible after welding. No cracks were in evidence 
in the crater of the other procedures. The relative num- 
ber of passes with each procedure is shown in Table 4. 

It is believed that the amount of restraint of the weld- 
ment is vital in determining the degree of stress cracking. 
Since the test setup was designed to prevent any great 
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movement it is doubtful if stress cracking, as severe as 
encountered in this study, actually exists in production 
welding. Nevertheless, it should be pointed out that 


Table 4—Number of Beads Deposited for Each Procedure 


Number of Per Cent of 


Passes Procedure 2 

8/2 3/16 4/16 

Procedure in. in. in in. in in 
1—Stringer beads, water 

cooled 19 16 14 110 105 115 

2—Stringer beads, air cooled 17 15 12 100 100) 100 

3—Weaving two diameters 14 10 Q 80 75 75 

4—Full puddling 6 6 5 35 40 40 


stringer bead deposits are more susceptible to cracking 
than weaving deposits, providing the weaving does not 
become so excessive as to cause crater cracking. 
Welding Groove 

To deposit stringer beads free of slag pockets the 90° 
bevel was found to be necessary. The 60° bevel was not 
satisfactory as illustrated in Fig. 2 and graphically dem- 
onstrated in Fig. 20. A slight weaving movement was 
found to produce satisfactory welds and as a result the 
60° bevel would be more economical and is recommended 
if the weaving procedure is used. The deposit in the 60° 
V groove was free of serious stress cracks. 
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Fig. 20—Slag Entrapment in 60° V Groove 


Fusion Line Decay 

The direct causes of fusion line decay, the rapid etching 
of the metal at the line of fusion of the as-welded speci- 
mens when immersed in muriatic acid for long periods of 
time, was not revealed in any of the data. The following 
factors are believed to have a bearing on the problem. 
Since the decay only occurred in the as-welded condition, 
heat treating eliminated it entirely. The causes are a 
function of the welding itself. 

Intergranular corrosion was not a factor because no 
carbides were found in the as-welded micrographs and 
sensitizing failed to cause decay although carbide net- 
works were found in the micrographs. 

The thermal stresses caused by welding would be the 
greatest at the line of fusion in this type of steel having 
no low transformation temperatures. At the fusion line 
the temperature gradient of the unfused metal would be 
the steepest. This stress concentration would result in 
rapid corrosion at this point and hence becomes a factor 
in causing fusion line decay. No welding stresses were 
present in the heat-treated specimens. 

The hardness distribution values, demonstrating the 
presence of thermal stresses, are summarized in Table 5. 
It should be noted that the weld metal has a higher 
hardness, hence a higher tensile strength, than the plate 
material, especially in the heat-treated conditions. 
Sensitizing did not affect the hardness values. No 
difference in hardness values of the heat-treated speci- 
mens as a function of welding procedure was noted, 
therefore only the two extreme values are shown in 
Table 3. 


Table 5—Average Hardness Values (Rockwell B) 
Plate Adjacent 


Heat Treatment Plate to Weld Weld Top Layer 
As-welded 74 87 88 82 
Annealed 73 73 82 78 


Sensitized 73 73 81 80 


Any difference in carbon content, especially if there is 
no carbon diffusion over a large area, will tend to cause 
accelerated corrosion at the point of carbon difference. 
The micrographs of the as-welded specimens show a 
deeper etch at the line of fusion of the weld metal but no 
carbide particles. This etching can therefore be at- 
tributed to the difference in carbon content of the plate 
and weld metal as well as to thermal stresses. 

Another possible cause of fusion line decay is the 
marked difference in the microstructure of the base 
metal and weld metal. The base metal, being forged 
and annealed, has typical equiaxial grains. The weld 
metal structure is similar to cast metal, being dendritic. 
At the junction of these two dissimilar structures, it is 
possible for rapid corrosion to take place if the corrosion 
agent is strong. This may be particularly true of the 
18-8 stainless steels which have no heat-affected zone of 
transformed metal. 

The fusion line decay was present in all types of elec- 
trodes examined except the two which showed lower 
corrosion resistance than the plate material. Asa result, 
this decay was not characteristic of one electrode but of 
all electrodes of 18-8 composition investigated. 

Of the above factors, the stress concentration and 
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difference in carbon content at the fusion line are be. 
lieved to be the chief causes of fusion line decay. To the 
author’s knowledge, this phenomenon has not occurred in 
welded structures. 


Intergranular Corrosion 


The microstructure of all specimens of each heat 
treatment was so similar that only the extreme welding 
conditions are represented in the data. Micrographs of 
the as-welded specimens revealed no evidence of carbides 
under etching conditions similar to those used for the 
sensitized samples. This is conclusive evidence that 
intergranular corrosion of a Type 304 stainless welded 
joint is independent of welding procedure when manual 
arc welding is used and the base metal kept reasonably 
cool. Apparently the time at sensitizing temperatures 
was too short and the carbon content too low to form 
any carbides. 

The micrographs of the annealed specimens show weld 
metal structure similar to the base metal with no fusion 
lines visible as far as grain structure was concerned. 
The growth of grains from one bead to another was also 
noted in the macrographs. The sensitized micrographs 
show a more definite fusion line and outline relatively 
larger, longer grains in the weld metal than in the plate. 
These sensitized samples indicate that this steel is un- 
stable at 1200° F. and will show intergranular corrosion if 
used in service at this temperature. 


Conclusions 


1. Weaving two diameters of the electrode will pro- 
duce welds having fewer stress cracks than when welding 
is done with stringer beads. The welding time is also 
greatly reduced by the use of weaving beads. 

2. Carbide formation will not occur in arc-welded, 
Type 304 stainless steel regardless of the welding pro- 
cedure, providing that the weldment is kept reasonably 
cool. 

3. Crater cracks will occur if weaving becomes ex- 
cessive. 

4. The 60° V groove cannot be used if stringer beads 
are employed. This groove can be used if weaving two 
diameters is allowed. The 60° V groove results in very 
few stress cracks, hence is desirable. The over-all weld- 
ing economy of the 60° V groove is greater than that of 
the 90° V groove. 

5. Fusion line decay occurs on as-welded sections 
when etched in muriatic acid. Annealing eliminates the 
decay while sensitizing will not reproduce it. 

6. Carbide formation will occur at 1200° F. if the 
time of formation is sufficient. 

7. Columbium stabilized weld deposits of Type A’ 
electrodes crack severely during welding of restrained 
joints. 
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Metal Transfer in the Metallic Arc 


By Louis J. Larson! 


PECULATION as to the mechanism of metal 
transfer in the metallic arc-welding process prob- 
ably goes back to the time of the discovery of the 

process. The form in which the metal moves across the 
arc space and the forces which cause it to pass from the 
electrode to the work have been the subject of numerous 
investigations. From a review of the literature on this 
subject, it is found that various theories have been ad- 
vanced, and from recent articles it appears that there is 
still a great difference of opinion as to the forces which 
cause the transfer of the metal. Among the forces sug- 
gested are the following: 


1. Vaporization and condensation 

2. Gravity 

3. Pinch effect 

4, Electrostatic forces 

5. Electric effects 

6. - Surface tension 

7. Gas stream from weld rod coatings 

8. Pressure on the cathode spot of the arc 
Expansion of gases in the metal at the electrode tip 


Some of the differences of opinion in regard to the 
forces causing metal transfer may be due to interpreta- 
tion of term “metal transfer.” The welding operation 
may be divided into two parts: (1) the transfer of the 
metal from the electrode to the molten pool and (2) the 
retention of the metal in the pool. Certain forces which 
are important in retaining the metal after it reaches the 
pool may be of little or no importance in transferring the 
metal from the electrode to the work. As to the forces 
which hold the metal in place after it is deposited on the 
work, there is probably little question or difference of 
opinion. In overhead welding, surface tension retains 
the metal in place and must be sufficient to overcome the 
force of gravity or molten metal will drop out of the 
pool. Hence, it is imperative to limit the size of the 
pool in overhead welding. In down-hand welding sur- 
face tension and gravity both act to retain the metal in 
the pool. In all other positions surface tension tends to 
hold the metal in place, whereas gravity is a help or a 
hindrance depending upon the position. 

The present discussion will deal primarily with the 
forces which cause the metal to pass from the electrode 
to the work and the term “metal transfer’’ refers to this 
phenomenon. In setting up an hypothesis to explain 
the mechanism of metal transfer, it must be remembered 
that welding is done with straight polarity, reverse 
polarity or with alternating current, in all positions 
from down-hand to overhead, and with many types of 
electrodes ranging from bare to heavily coated. In view 
of the fact that the results obtained under all these con- 
ditions are, in general, quite similar in so far as the trans- 
fer of metal is concerned, it appears that the principal 
forces involved in the transfer of the metal are the same 
for all conditions. There is no basis for an assumption 
that one theory applies for one type of electrodes or set 
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of conditions and another theory applies for another set 
of conditions. The correct theory should explain why 
the metal always passes from the electrode to the work, 
and never in the opposite direction, regardless of type of 
current, position of welding or type of electrodes. On 
the other hand, if it is found that for certain combina- 
tions of electrodes, position of work and current the 
metal does not pass across the are space, the theory 
should indicate the reason. It should be observed in 
this connection that welding may be impractical and is 
not done commercially under some combination of con- 
ditions, even though metal is transferred under this set of 
conditions. For example, overhead welding with heavily 
coated electrodes of certain types is not practical because 
the slag and the metal tend to fall away from the work; 
bare wire on alternating current is not used in practice 
because the are extinguishes too often when the voltage 
passes through zero; and some coated electrodes are not 
used on alternating current or straight polarity, direct 
current because the spatter is too great. However, in 
all of these cases metal is actually transferred from the 
electrode to the work and the theory should apply. 

Before attempting to evaluate the importance of the 
various forces mentioned above, a brief review of the re- 
sults of tests bearing directly and indirectly on the sub- 
ject of metal transfer will be made. Dr. Hilpert' made 
tests on bare wire in which he photographed the are of the 
bare wire at a speed of around 2000 exposures per second 
and these photographs indicate that the metal globules 
at the end of the electrode frequently short circuit the arc. 

Doan and Weed? carried out a series of tests, welding 
with bare electrodes on a polished strip which was moving 
at a rate of over 100 inches per minute. The metal was 
deposited on this strip in the form of separate solid and 
hollow globules of various sizes up to */ inch in diameter. 
The oscillograms taken by Doan and Weed simultane- 
ously with the welding on the strip showed that the 
metal globules were deposited on the strip during short 
circuits. From these and other tests it has been con- 
cluded that the metal passes across the are space chiefly 
in the form ot metal globules and according to Doan and 
Weed less than 10% of the metal transferred was in the 
form of vapor or spray. The voltage used in their tests 
was reported as somewhat in excess of 20 volts, which 
would indicate a fairly long are for bare wire. The num- 
ber of short circuits shown by the oscillograms, about 6 
per second, is small for bare wire and indicates that the 
arc was somewhat longer than that used in normal 
welding. Because of this condition, it is probable that 
the globules deposited were larger than would be the 
case when welding with the proper arc length. 

In a second paper Dr. Hilpert® presents the results of 
further tests on welding arc, in which he synchronized 
high speed motion pictures with oscillograms of the arc. 
He also added a counting device which indicated the 
number of short circuits during the test. This investi- 
gation included tests on coated as well as bare elec- 
trodes. The results presented in this paper are very in- 
teresting and instructive, but some questions may be 
raised regarding the conclusions drawn by the author. 
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He found, as have all other investigators, that the num- 
ber of short circuits with coated electrodes was very much 
less than with bare electrodes. The total time of short 
circuits with bare electrodes was 25.77% and with 
covered electrodes only 2.96% of the arcing time, as 
shown by his tests. Dr. Hilpert asserted that all of the 
metal was transferred during the period of short circuits 
and, therefore, the amount of metal in each drop repre- 
sented by a short circuit must be much greater for 
covered electrodes than for bare wire. In other words, 
he believed that in welding with bare wire the metal is 
transferred in the form of many small drops, whereas 
with covered electrodes it passes across the arc in the 
form of a few large drops. This conclusion does not 
agree with the results found by the writer and presented 
in a paper before the society.‘ The tests presented in 
this paper were made on a reversed polarity type of 
electrode having a heavy cellulosic covering. The find- 
ings reported may be summarized as follows: (1) By 
means of probes passed through the are stream it was 
found that most of the metal passes from the electrode 
to the work in a continuous stream of very small globules 
or droplets of steel ranging in size from 0.001 to 0.010 
inch in diameter. Incidentally, it was found that the 
droplets were bright tiny spheres of steel with no coating 
of slag. This is not in agreement with Dr. Hilpert’s 
conclusion that every drop of iron is accompanied by a 
skin of slag. Particles less than 0.001 inch in diameter 
were found and there was also an indication that some of 
the metal was transferred in the form of vapor. How- 
ever, an estimate based on the number and size of parti- 
cles passing in a given length of time indicated that over 
90% of the metal was in the form of particles 0.001 inch 
in diameter or greater. (2) Experiments to determine the 
velocity of the particles passing through the are both in 
down-hand and overhead welding showed that the par- 
ticles had a velocity of from 4 to 125 feet per second, 
with an estimated average velocity of about 30 feet pei 
second. From these data it is obvious that at least with 
this type of electrode most of the metal is transferred be- 
tween short circuits. In fact, with an arc only slightly 
longer than normal it is possible to eliminate short cir- 
cuits without appreciably reducing the rate of melting of 
the electrode. 

Bearing indirectly on the subject of metal transfer 
several papers®*’ have been presented showing the re- 
sults of tests to determine the magnitude of the forces 
acting in the arc, either by measuring the reaction 
against the electrode or the pressure of the are stream 
against the work. In general, the results found by these 
investigators agree. All showed that the electrodes 
tested developed an appreciable reaction or pressure, 
although the magnitude of the forces produced by various 
types of electrodes varied considerably. Nieburg found 
an appreciable difference in the reaction produced on 
positive and negative polarity, but Doan and Lorentz 
concluded that no matter which polarity is used the force 
is of about the same magnitude. 

Although these papers relating to the pressure of the 
arc do not indicate the mechanism of metal transfer, 
they have a very important bearing on the subject be- 
cause they show that there is an appreciable force present 
in the arc stream. In formulating a theory to explain 
the action of metal transfer the presence of such a force 
must be considered. 

Although the tests previously reported by the writer 
gave fairly complete information on the action taking 
place in the arc under the conditions of the test, they 
were very limited in scope. To determine whether other 
types of electrodes operated under other conditions have 
a similar action, a new series of tests was recently com- 
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pleted. In these tests four types of covered and a lightly 
coated electrode were used. All of these types were 
tested on straight polarity direct current, on reverse 
polarity direct current and on alternating current. The 
methods used in the previous test to determine the size 
and velocity of the particles was very laborious and a 
simpler method for obtaining this information was de- 
veloped for the present tests. This method is based on 
the fact that trajectories of small particles projected 
through air are very materially affected by particle 
size. The theoretical equations of motion for small par- 
ticles are as follows: 


x (1 9= (l-—e”) 
in which V is the initial velocity of the particle in a hori- 
zontal direction, c is a constant dependent upon the size 
and density of the particle and the gas through which it 
is projected, g is the acceleration due to gravity and ¢ is 
the time. Expressing all values in c.g.s. units g = 980 
and c has the values given in the following table: 
Diam. of particle .001 .002 .003 .004 .005 .006 .007 .008 .009 .010 
Value of c 64.8 16.2 7.2 4.05 2.61 1.82 1.34 1.02 (803 653 

From the above equations, values of x and y can be 
computed for given values of ¢ and the trajectories of the 
particles of various sizes can be plotted. Figure 1 shows 
the curves thus obtained for particles of various sizes 
projected at an initial velocity, V = 400 cm. per second. 
Figure 2 shows the trajectories of particles projected at 
different initial velocities. The curves shown by solid 
lines, passing through the point P, were obtained by as- 
suming an initial velocity for each particle such that its 
trajectory would pass through the point P. The dash 
lines show the trajectories of particles 0.010 inch in di- 


HORIZONTAL OSTANCE 


on 


a 


| | 


2 


VERTICAL ONS TANCE (N 


| | 


Fia./ 


COMPUTED TRAJECTORIES Of PURTICLES OF VARIOUS 
DIAMIETERS WITH SAME INTIAL VELOGITY OF GOO PER SE. 


HORIZONTAL DOMTANCE CH 
‘ 


R 
N 
\ 
\ \ \ 

\ \ 

\ \ 

\ \ 


SHOWING OF PARTICLE SIRE AND 
WITIAL VELOCITY ON TRAJECTORY 


FEBRUARY 


2A 
q 
red 
4 
| 
| 
| 
| \ 
| | | | 
ss 
4 10 30 
fr 
t 
it 
1 


All Position 
Rev. Polarity 
Electrode 


Horizontal 
Fillet 
Electrode 


Down-hand 
Groove 
Electrode 


All Position 
Straight Polarity 
Electrode 


Bare 
Electrode 


-- 


Se 


rae 


cage ges: 

se 
(8 an ee 


Fig. 3—Trajectories of Particles with Various Electrodes and Welding Conditions 


ameter for three other initial velocities. It is evident 
from the curves in Figs. 1 and 2 that the shape of the 
trajectories depends on both the initial velocity and the 
size of the particle. By comparing the curves passing 
through the point P it is obvious that the particle size is 
indicated by the shape of the curve passing through any 
arbitrarily selected point on its trajectory. 


Apparatus Used 


A photographic method was used to record the trajec- 
tories of the particles ejected by the arc. The set-up of 
equipment for projecting the particles so that they could 
be photographed was as follows: two ‘/,-inch plates 
were tacked with a space of '/s; inch between the abutting 
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edges and set up in a vertical plane with the joint be- 
tween the plates on a horizontal line. By starting a weld 
at one end of the plates and progressing forward with an 
oscillating motion, some of the particles expelled from the 
end of the electrode passed through the space between the 
plates. Since it was desired to photograph the orbits of 
only those particles which were projected in a horizontal 
direction in a plane substantially perpendicular to the 
plates on which the welding was done, it was necessary 
to build a box around the arc to catch the particles which 
were not traveling in the desired direction. A slot was cut 
in the front and bottom of the box which permitted the 
particles to pass freely in the desired direction, while a 
shelf slightly above and in front of the arc served to in- 
tercept the particles which were projected at an 
angle above the horizontal. In order to furnish means of 
making measurements on the photographs of the curves, 
a ruled background was placed parallel to the plane of 
the path of the particles and in such a position that it 
was photographed with the orbits of the particles. The 
photographs thus obtained are shown in Fig. 3, and for 
one condition, enlarged, in Fig. 4. 

To determine the velocity and size of any given parti- 
cle it was then necessary to compare the theoretical 
curves with the trajectory of the particle. Various 
methods could be used for making this determination, 
but in the present investigation it was considered that 
the slope of the curves at any arbitrarily selected point 
was most convenient. This procedure is fairly sensitive 
in distinguishing between particle sizes from 0.001 to 
0.005 inch in diameter and also for determining the 
velocities. For particles over 0.005 inch in diameter the 
curves do not differ greatly and, hence, it is difficult to 
determine the exact size. However, it was not the pur- 
pose of these tests to make an elaborate and scientific 
determination of the exact diameters of all the particles 
emitted from the arc. The tests were designed to show 
whether or not small particles were present in the arc 
stream of the electrodes tested, for the various types of 
current used, and to determine their approximate veloci- 
ties. It is obvious from the appearance of the curves 
that numerous particles in this size range are ejected at 
relatively high velocities under all conditions investi- 
gated. The data obtained from a study of the curves 


— 


Fig. 4—Enlarged View of A, Fig. 3. 
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show that particle sizes range from less than 0.003 to 
over 0.010 inch in diameter and velocities range from | to 
nearly 30 feet per second, and that, in general, there is 
no significant difference between the size of the particles 
and their velocities for the different combinations of 
electrodes and current. 

In the light of data obtained from these tests and those 
published by other investigators the plausibility of the 
various theories proposed to explain metal transfer will 
now be considered. 


Vaporization and Condensation 


This theory is based on the assumption that the metal 
at the end of the electrode is vaporized by the intense 
heat of the arc, and is then condensed in the pool on the 
work which is at a much lower temperature than the tip 
of the electrode. According to this theory the metal will 
be transferred from electrode to work with all types of 
electrodes, in all positions and with all types of welding 
current and in this respect it agrees with observed facts. 
However, it does not explain the presence of globules or 
particles of metal in the arc stream as shown in Figs. 3 
and 4. Furthermore, it has been pointed out in previous 
publications that the energy available in the arc is suf- 
ficient to boil and vaporize only a small percentage of the 
total amount of metal passing across the are, which agrees 
with conclusions reached by Doan and Weed and also by 
the writer who found that about 90% of the metal passed 
across the arc in the form of liquid globules or droplets. 


Gravity 


In the transfer of the metal across the arc space it does 
not appear that gravity is an important factor. This 
conclusion is based on the followtng observations: (1) 
in down-hand welding the velocities of the particles are 
far greater than could be produced by the force of grav- 
ity; (2) particles are projected in the horizontal direction 
which cannot be the result of the force of gravity and 
even in an upward direction against gravity; (3) the 
rate of metal transfer, as measured by the melting rate 
of the electrodes, is practically the same when welding 
in the overhead as when welding in the down-hand 
position. Obviously, if gravity were an important force 
it should result in a much higher melting rate in down- 
hand than in overhead welding. 


Pinch Effect 


The pinch effect is assumed to operate when a globule 
of metal short circuits the arc. The high current passing 
through the molten globule at the time of the short cir- 
cuit results in a radial compressive force which tends to 
pinch the molten globule and detach it from the elec- 
trode. Authorities differ as to the magnitude of the 
force. Granting that it is effective in pinching off a 
globule which short circuits the arc it is difficult to visu- 
alize that the pinch effect is an important force with 
coated electrodes which show relatively few short cir- 
cuits. Furthermore, it is inconceivable that the pinch 
effect could project a stream of small particles through 
space at velocities shown by the photographs discussed 
above. 


Electrostatic Forces 


The electrostatic force is said to cause particles to move 
from the positive to the negative terminal of an electric 
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circuit. This theory is based on the observation that in 
a direct current arc between two carbon electrodes, some 
of the carbon which disappears from the positive ter- 
minal is deposited on the negative terminal. Continu- 
ing this line of reasoning it is further concluded that since 
steel contains a small amount of carbon the action on the 
steel particles will be similar to that on the carbon parti- 
cles and, hence, the material should move toward the 
negative pole. Such action would be helpful in the trans- 
fer of metal when welding with reverse polarity. In 
considering the plausibility of this theory it must be re- 
membered that welding is done just as successfully with 
straight polarity, in which case the metal travels from 
the negative to the positive pole and, therefore, in the di- 
rection opposite to the electrostatic force. 


Electric Effect 


This effect has been described as the force which tends 
to carry particles in the are space in the direction of the 
flow of current, from the negative to the positive terminal 
and is, therefore, said to aid in welding with straight 
polarity.’ Again it must be observed that if such a force 
were of any significant magnitude it would hinder weld- 
ing with reverse polarity electrodes as much as it helps 
welding with straight polarity electrodes. 

Concerning the electrostatic and electric effects it 
hardly seems probable that the former would be effective 
only in welding with reverse polarity and the latter would 
predominate when welding with straight polarity. Since 
the melting rates of straight polarity and reverse polarity 
electrodes are substantially the same it is probable that 
their combined effect is negligible. 


Surface Tension 


As previously pointed out surface tension is no doubt 
a very important factor in retaining the molten metal in 
the pool on the work. However, in transferring the 
metal across the arc space when no short circuit exists it 
is difficult to see that surface tension plays any part. 
When a globule short circuits the arc, surface tension 
draws the metal into the molten pool but such a force has 
no tendency to project any particles of metal through 
space. 


Gas Stream from Weld Rod Coatings 


The velocity of the gas stream produced by certain 
types of coatings, undoubtedly tends to give the small 
particles in the arc space a velocity in the same direc- 
tion. To what extent this force is responsible for the 
metal transfer with electrodes of this type cannot be de- 
termined by tests on such electrodes alone. However, 
the photographs in Fig. 3 of electrodes having no gas- 
producing coatings, show that the metal passes across 
the are space in the form of many small droplets which 
are traveling at a considerable velocity. It therefore ap- 
pears that some other force is chiefly responsible for the 
transfer of the metal across the arc. 


Pressure on the Cathode Spot 


A new and unique theory has been proposed by Dr. 
H. von Conrady to explain the transfer of metal in over- 
head welding with bare electrodes on straight polarity.” 
He concludes that the pressure of the cathode spot on the 
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molten globule of metal at the tip of the electrode de- 
presses the liquid at this point. The arc then shifts to 
the high point and in turn depresses this in the same man- 
ner. In this way undulations or waves are produced in 
the molten metal which finally splashes high enough to 
short circuit the arc after which surface tension acts to 
attract metal into the pool. He supports his theory by 
moving pictures and sketches and, based on these data 
alone, his logic is convincing. However, other evidence 
indicates that the pressure on the cathode spot is not the 
important factor. In the first place, most welding in the 
vertical and overhead positions is done with reverse po- 
larity electrodes in which case the cathode spot is on the 
work and the theory proposed by H. von Conrady does 
not explain the transfer of the metal. In the second place 
Hoyt and Brophy found in tests on pure iron electrodes, 
which had been treated so as to be very free from gas, 
that it was impossible to weld overhead even on straight 
polarity. Obviously if the pressure on the cathode spot 
were responsible for the metal transfer, it should have 
been possible to weld overhead with the pure iron elec- 
trodes. 


Expansion of Gases in the Metal at the Tip of the 
Electrode 


The expansion of gases in the metal at the tip of the 
electrode has been suggested as a contributory force in 
the transfer of the metal across the arc, but apparently 
it is not considered to be an important force by most 
writers. From a study of the published data and the re- 
sults of the tests presented herein it appears that this is 
the prime factor in removing the metal from the elec- 
trode. 

It is well known that commercial steels contain dis- 
solved gases as well as non-metallic inclusions and some 
of the more volatile elements such as Mn which are 
vaporized by the arc. The loss of Mn during the welding 
operation, even with a well-shielded arc, and the ap- 
pearance of relatively large amounts of it in the smoke 
or fumes of the arc are evidence of this vaporization. 

When these gases and vapors are liberated rapidly they 
may occasionally shoot small particles from the tip of 
the electrode. However, a more likely explanation is 
that they are formed below the surface of the molten 
metal and because of the surface tension of the liquid, the 
expansion of the gases forms bubbles of metal on the tip 
of the wire. The bubbles may be large or small depending 
upon whether the gas evolution is general or localized. 
They may burst due to gas pressure alone, or they may 
expand until they touch the plate and short circuit the 
arc. When the bubbles burst they produce a spray of 
fine particles and when they short circuit the are they 
are literally exploded into fine particles by the high cur- 
rent passing through the thin film. A similar action can 
be readily demonstrated by collecting the particles re- 
sulting from short circuiting a small wire across a high 
current. 

The rate of heating and gas formation is probably an 
important factor in the type of bubble formed. Hence, 
coated electrodes should develop thin walled bubbles 
due to rapid heating and bare electrodes with low rate of 
heating should develop thicker walled bubbles. From 
visual observation or motion pictures it is not possible 
to distinguish a bubble from a solid drop but the rapidity 
with which the bubbles or drops form and disappear in 
the are of a coated electrode is strong evidence that they 
must be bubbles and not solid drops. In comparing the 
oscillograms of bare and coated electrodes several inves- 
tigators have pointed out that the short circuits on 
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coated electrodes were not only less frequent but also of 
shorter duration. The short duration suggests that the 
short circuits are due to bubbles which explode, rather 
than solid drops, and the infrequency of the short cir- 
cuits shows that many of the bubbles burst without 
touching the work. 

The theory that the gases liberated in the metal at 
the tip of the electrode, and acting in the manner de- 
scribed above, furnish the force which transfers the 
metal across the are space is consistent with the pub- 
lished data on the behavior of the arc. It accounts for 
the spray of small particles in the arc stream and for the 
velocities of these particles away from the electrode. 
It also explains why the metal always goes from the 
electrode to the work, and never in the opposite direction, 
regardless of type of electrode, position of welding or kind 
of current used. The theory is further confirmed by the 
fact that if the force due to the gases in the electrode is 
eliminated, as was done by Hoyt and Brophy, welding 
in the overhead position becomes impossible. The 
theory is not inconsistent with the observation that 
modifications in coatings or additions to the steel core 
effect melting rate, spatter and arc action, in general. 
Any change which effects the surface tension of the mol- 
ten metal at the tip of the electrode will, no doubt, 
effect the bubble formation and change the characteris- 
tics of the arc. 

While the gases liberated in the tip of the electrode 
furnish the principal driving force for metal transfer with 
all ordinary steel electrodes it is believed that degasified 
electrodes will deposit metal in the down-hand position. 
In this case gravity will elongate the molten drop until 
it touches the work and surface tension will draw some 


Metal Transfer in the 
Metallic Arc 


Discussion by Gilbert E. Doan* 


R. LARSON has added a new technique for the 
study of metal transfer in the electric welding 
_arc. His conclusion that gases liberated in the 


* Head Department of Metallurgical Engineering, Lehigh University, 
Bethlehem, Pa. 


of the metal into the pool. With a long arc the drops may 
actually fall into the pool. However, this action would 
be quite different from that in ordinary welding. 

In presenting the above theory of the mechanism of 
metal transfer it is realized that further tests are neces- 
sary. For example, tests to determine the force in the 
arc of a degasified, pure iron wire, both bare and with 
one of the commercial coatings would be very helpful. 
Overhead welding tests with these electrodes would 
also be very instructive. 
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tip of the electrode furnish the principal driving force for 
metal transfer is not contrary to the results of our own 
experiments published in this JOURNAL. The case can 
be narrowed somewhat, however, to exclude the inert 
gases, for in welding in such gases we have obtained slow 
growth of the globule and gradual detachment under no 
other observable force but gravitation. The weld, 
upon subsequent examination, nevertheless contained 
large gas cavities. So it is only certain kinds of gas 
which give propulsion to weld metal. Inert gases, even 
though they dissolve in the liquid metal at the tip of the 
electrode, do not propel globules from the electrode. 


1942 ANNUAL MEETING 


Very shortly the Program Committee of the American Welding Society will hold meetings to 
develop a program for the next Annual Meeting to be held in Detroit during the week of 
October 10, 1942. Anyone who wishes to present a report on his research work in con- 
nection with the Divisions of the Welding Research Committee, or otherwise is urged to notify 
the Secretary of the Program Committee promptly, giving title and a sentence or two descrip- 
tive of what the report will contain. These suggestions should be addressed to W. Spraragen, 
Secretary, Program Committee, American Welding Society, 33 West 39th Street, New York. 
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An Investigation of Spot-Weld Test 
Specimens 


Part I—Comparison of Specimen Types and Dimensions 
Alclad 24S-T 0.020, 0.040, 0.064 Inch in Thickness 


By W. F. Hess,' R. A. Wyant,' and B. L. Averbach! 


Introduction 


HE purpose of this investigation was to compare 
several types of spot-weld test specimens and to 
study the effects of specimen dimensions, spot spac- 
ing, sheet thickness and material characteristics on the 
test results. The types of specimens investigated were: 


1. The single-spot lap-weld specimen of the design 
recommended by the Welding Research Com- 
mittee of the AMERICAN WELDING Socrety for 
the ‘‘Process Qualification Test.’”! 

2. The two-spot lap-weld specimen with the spots 
located on the longitudinal axis similar to the 


* This is another of a series of reports prepared by the R. P. I. 
Welding Laboratory research staff on spot-welding problems, equipment and 
technique. This investigation is under the joint auspices of the N. A. C. A., 
the Army Air Corps and the Navy Bureau of Aeronautics in cooperation with 
the Resistance Welding Committee of the Welding Research Committee 
Other reports will be issued from time to time as the work progresses in order 
to relay the information to the aircraft industry as rapidly as possible. 

t Welding Laboratory, Rensselaer Polytechnic Institute, Troy, N. Y. 

“Suggested Methods of Testing Spot Welds,"’ Tue WeLpinc Journat, 19 
(9), Research Suppl., 333-s to 334-s (1940). 


specimen used by the Aluminum Company of 
America.? 

3. The two-spot lap-weld specimen with the two 
spots located on the transverse axis. 

4. The single-spot ‘““U” type specimen of the design 
recommended by the Welding Research Com- 
mittee of the AMERICAN WELDING Soctety for 
the ‘Material Weldability Test.’”' 


Part I of this report covers the work on Alclad 24S-T, 
0.020, 0.040 and 0.064 in. in thickness. Part II of the 
report will cover work on 52S-'/:H material, 0.0: 40 in. in 
thickness. The former material is typical of those alloys 
which are subject to heat treatment, while the latter is 
typical of those which are not subject to heat treatment. 


Procedure 


Prior to welding, the ee were first degreased in 


2? Hoglund, G. O., and Bernard, G. S., Jr., “The Effect of Current, Pressure 
and Time on the Shear Strength and Structure of Spot Welds in Aluminum 
Alloys,”” /bid., 17 (11), Research Suppl., 45-54 (1940) 


0.020" ALCLAD 24S-T WIRE BRUSHED 0.040" ALCLAD 245-T WIRE BRUSHED OC64" ALCLAD 265% WIRE BRUSHED 
CONDENSER-DISCHARGE WELDER CONDENSER-DISCHARGE WELDER CONCENSER-DISCHARGE WELDER 
3/16" 10° FLAT ELECTRODES 1/4" X 10° FLAT ELECTRODES 5/16" 10° FLAT ELECTRODES 
ELECTRODE PRESSURE + 675 LBS ELECTRODE PRESSURE + 1000 LBS ELECTRODE PRESSURE + 1500 LBS 
TIME TO CURRENT PEAK «0.008 SEC TIME TO CURRENT PEAK = ©.0I2 SEC TIME TO CURRENT PEAK + OOI7 SEC } 
TOTAL EFFECTIVE TIME = 0.020 SEC TOTAL EFFECTIVE TIME = 0.030 SEC TOTAL EFFECTIVE TIME * 0.046 SEC 
CAP +330 MFD TURNS RATIO + 300 CAP * 735 MFO TURNS RATIO + 300 CAP « 1680 MF TURNS RATIO « 300 
600 1200 1800}———- 
CRACKING @ EXPULSION + EXPULSION | 
} 
8 60 8 60 400 > 
= / z } 
PENETRATION z 8 | 2 e 
| = z 
ra) | | 6 | © co ° 
3 37 38 39 400 4 42 a4. 46 48 50 52 54 56 58 60 62 64 66 68 70 
PEAK CURRENT IN KILO-AMPERES PEAK CURRENT IN KILO~ AMPERES PEAK eunngnt IN KILO-AMPERES 
2400 2500 2600 2700 2800 2300 42600 2500 2600 2700 868800 2300 pave 2500 2 2800 


VOLTAGE ACROSS CONDENSER 
Fig. 1—Characteristics of Welds Made 
in 0.020-In. Alclad 24S-T 
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VOLTAGE ACROSS CONDENSER 


Fig. 2—Characteristics of Welds Made 
in 0.040-In. Alclad 24S-T 


VOLTAGE ACROS CONDENSER 


Fig. 3—Characteristics of Welds Made 


in 0.064-In. Alclad 24S-T 
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carbon tetrachloride and then wire brushed on both sur- 
faces. The specimens were welded on a spot-welder of 
the condenser-discharge type under the following welding 
conditions: 


TWO-SPOT LONGITUDINAL SPECIMEN 


Table | 
Average 

Strength of 

Electrode Single-Spot 

Gage, Pressure, Lap-Welds, 

In. Electrode Tips Lb. Lb. 

0.020 5/,6in. diam. flat x 10° copper 660 305 
0.040 1/, in. diam. flat x 10° copper 1000 725 
0.064 5/\sin. diam. flat x 10° copper 1500 1380 


Strength-current characteristics for single-spot lap-weld 
specimens for these conditions are shown in Figs. 1, 2 and 
3. These figures also show the variation in sheet pene- 
tration and weld diameter with peak current. Current 
settings for each gage were selected to produce welds of 
sufficient diameter and penetration to result in the 
strengths desired for this investigation. 

The investigation of each thickness of material was 
carried out in five steps with five specimens at a point as 
follows: 


Single-Spot Specimens (Fig. 4) 
1. The effect of specimen width and specimen overlap 
on the test results was investigated. 


SINGLE-SPOT SPECIMEN 


—co— . 


Variable 


| 


Grip 
Gage, Width Length Overlap Distance 

In. W, In. L,In. OL, In. GD, In. 

Control welds 0.020 5/, 3 5/, 11/, 
(tentative stand- 0.040 3/, 4 2 
ard dimensions) 0.064 5 l 2 
Specimen width 0.020 Variable 6 Equal 2 
study 0.040 Variable 5 to 2 
0.064 Variable 6 width 2 

Specimen overlap 0.020 5/, 3 Variable 11'/, 
study 0.040 3/, 4 Variable 2 
5 2 


Two-Spot Longitudinal Specimens (Fig. 5) 


2. Using specimens of constant width the effect of 
spot spacing on the test results was determined. 

3. The effect of specimen width on the test results 
was determined keeping the spot spacings constant. 


Two-Spot Transverse Specimens (Fig. 6) 


4. For comparison with the above results specimens 
of two widths and two spot spacing were investigated. 


“U” Type Specimens (Fig. 7) 

5. For comparison with the above results ““U"’ type 
specimens were investigated. The specimens were made 
in accordance with the dimensions recommended by the 


Welding Research Committee of the AMERICAN WELDING 
Socrety.! 
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Fig. 5—Dimensions—Two-Spot Longitudinal Specimens 


Grip 

Dis- 

pot tance 

Gage, Width Spacing Overlap GD, 

In. , In. B, In. In. 
Spot-spacing 0.020 1 Variable ‘ 2 
study 0040 11, #5 Variable */, 2 
0.064 11/; 6 Variable 1/2 2 
Specimen 0.020 Variable 6 2 
width 0.040 Variable 5 1 3/, 2 
study 0.064 Variable 6 1'/, 1/3 2 


In the investigation of each gage every precaution was 
taken to insure that the welding conditions did not 
change during the course of the investigation. Five con- 
trol welds in the form of single-spot lap-weld specimens 
(Fig. 4) were made at the beginning and end of each step. 
Control welds in groups of three were also made at regular 
intervals during each step. The electrode tips were kept 
very clean by a light application of crocus cloth after 
every fifteen welds. To facilitate making the welds at 
the proper positions in the specimen a simple welding jig 
was provided. 

The dimensions of the single-spot control specimens 
were in accordance with the reeommendations of the 
Welding Research Committee of the AMERICAN WELDING 
Socrety.' The recommended dimensions are as follows: 


| 


| 


Table 2 


Specimen Width 
Aluminum Alloys, 


Minimum Length 


Metal Thickness, of Each Piece, 


In. In. In. 
Up to 0.030 5/s 3 
0.031—0.050 3/, 4 
0.051-0. 100 1 5 
Above 0.100 2 (min.) 6 


TWO-SPOT TRANSVERSE SPECIMEN 


ee 
oL 
L 
Fig. 6—Dimensions—Two-Spot Transverse Specimens 


Grip 

Dis- 

peci- Spot Edge tance 

Gage men Width Length Sunes Distance Overlap GD 
In. fe) W,In. L.In. A,In. C,In. OL In. In. 
0.020 1 ly, 6 5/1 2 
2 6 3/5 2 
0.040 5 3/4 3/5 2 
2 2 5 ] 2 
0.064 2 6 ] l 2 
2 2 6 1/, 2 
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“u" TYPE SPECIMEN 


ABOVE DIMENSIONS USED FOR ALL GAGES 
Fig. 7—"‘U" Type Specimen 


The specimens were tested in a hydraulic testing ma- 
chine operated at a head speed of 0.2 in. per minute. 
Conventional wedge type grips were used for all the 
larger specimens and Templin self-aligning grips were 
used for the smaller specimens in the 0.020-in. gage. In 
testing the ‘‘U’’ type specimens the head speed was 
reduced to about 0.1 in. per minute. 


Results 


¥ Single-Spot Specimens.—The effects of specimen width 
on the test results are shown in Fig. 8. The curves for 
the three gages rise most rapidly at the narrower widths 
and tend to level off at the greater widths. It should be 
noted that in the 0.020-in. and 0.040-in. gages the curves 
level off at approximately the same widths (°/s in. and 
‘/,in.) that are tentatively recommended as standards by 
the Welding Research Committee of the AMERICAN 
WELDING Society. In the case of the 0.064-in. gage, 
however, the curve levels off at about 1'/, in. in width in 
contrast to the recommended width of lin. It should be 
noted that the width of 1 in. is tentatively recommended 
for a thickness range of from 0.051 to 0.100 in. Since a 
thickness of 0.064 in. falls near the lower limit, it appears 
desirable to increase the tentative standard specimen 
width for this thickness range. In each gage the two 
narrowest specimens exhibited pronounced bending as 
shown in Fig. 9. Practically all of the failures observed 
in this investigation were of the tearing type. 

In the above work the specimen overlap was made 


Fig. ie Showing Pronounced Bending in the 
arrower Single-Spot Specimens 


equal to the width at each point. The effects of specimen 
overlap on the test results, when the specimen width is 
kept constant, are shown in Fig. 10. As might be ex- 
pected these data show that overlap, provided that it is a 
reasonable amount, has little effect on the test results. 
Two-Spot Longitudinal Specimens.—The effects of spot 
spacing on the test results are shown in Fig. 11. It 
should be pointed out that there are two ways in which 
spot spacing may possibly affect the test results. While 
the greatest effect is probably due to the shunting of cur- 
rent through the first spot when the second weld is made, 
there is a possibility that the distance between the spots 
may affect the performance of the specimen during the 
test. The curves for the three gages rise most rapidly at 
the closer spacings and more gradually at the greater 
spacings. It should be noted that the control weld 
specimens in the 0.064-in. gage were made | in. in width 
which was not sufficient to develop the full strength of 
the welds as shown in Fig. 8. If the control specimens 
had been made sufficiently wide, the resulting strength 
would have been higher than the maximum strengths 
obtained from the two-spot specimens. Likewise, as 
will be shown later in this report (Fig. 13), a width of 1*/s 
in. is too great to develop full weld strength in two-spot, 
longitudinal specimens in the 0.020-in. gage. Here 
again, if the two-spot specimens had been of the best 
width their strengths would have been higher in relation 
to the average control weld strength. After considera- 
tion of these circumstances it may be said that the 
strength per spot obtained from two-spot longitudinal 
specimens can be less than, equal to or greater than 
the strength obtained from single-spot specimens depend- 
ing upon the sheet thickness and specimen dimensions. 
At this point it was thought advisable to determine the 


SINGLE-SPOT SPECIMENS 
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Fig. 8—Effect of Specimen Width on 
Strength of Single-Spot Specimens 


Fig. 10—Effect of Specimen Overlap on 
Strength of Single-Spot Specimens 


Fig. 11—Effect of Spot Spacing on Strength 
of Two-Spot Longitudinal Specimens 
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TWO-SPOT LONGITUDINAL SPECIMENS | TWO-SPOT LONGITUDINAL SPECIMENS | 
GAGE SPOT_SPACING DISPERSION CHART 
WELOS MADE AT TWO CURRENT SETTINGS 0.020" 34 
OTHER CONDITIONS REMAINING THE SAME 9.080 r SINGLE-SPOT CONTROL WELOS 
0.064 rise" 
0.020" ALCLAD 245S-T 
* AVERAGE OF FIVE WELDS © * AVERAGE OF FIVE WELOS 
*© INDIVIDUAL WELDS * INDIVIDUAL WEL TOTAL WELDS * 43 
CONTROL WELO AVERAGE CONTROL WELD AVERAGE 
] ] ] 
ALCLAD 245-1 | 0.064 | | 
a | | | 
@ 1000 +— ® 1000 +— 10; 
z | ; : 
800 t x 800 
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Fig. 12—Effect of Spot Spacing on Strength Fig. 13—Effect of Specimen Width on Fig. 14—Dispersion Chart of Welds in 


of Two-Spot Longitudinal Specimens 


Strength of Two-Spot Longitudinal Speci- 0.020-In. Alclad 24S-T 


effects of spot spacing when welding at a lower point on 
the strength-current characteristic. At such a point the 
steepness of the curves make small changes in current 
more effective on the weld strength. It was thought 
that, when welding under these conditions, the short- 
circuiting effect of the first weld might be more pro- 
nounced. Curves for two current settings in the 0.040- 
in. gage are shown in Fig. 12. It should be noted that 
while the shapes of the curves are similar, the “‘scatter’’ 
in individual welds was greater at the lower end of the 
low-current curve. 

The effects of specimen width on the test results are 
shown in Fig. 13. For obtaining these data the spot 
spacings were kept constant at values selected from Fig. 
11. The curves for all three gages rise to a maximum 
and then fall off at the greater widths. The following 
table shows that this maximum occurs at a width some- 
what less than twice the minimum width necessary to 


develop full strength in the single-spot specimens: 
Table 3 
Two-Spot Longitudinal 
Single-Spot Specimen Specimen 
Min. Maxi- Width Maxi- 
Width mum for Spot mum 
for Max. Average Maximum Spac- Average 
Gage, Strength, Strength, Strength, ing, Strength, 
In. In. Lb. In. In. Lb. 
0.020 5/, 325 1 3/, 350 
0.040 3/, 725 1'/, 1 715 
0.064 1'/, 1515 13/, 1'/, 1415 


As in the case of Fig. 11 the control weld specimens in the 
0.064-in. gage were too narrow to develop the full 
strength of the weld. If these specimens had been of 
sufficient width the average strength of the control welds 
would again have been higher than the strength obtained 
from the two-spot specimens. Taking this fact into ac- 
count the data shown in Fig. 13 substantiates the previous 
statement in connection with Fig. 11 regarding the rela- 


cases the weld strengths were considerably lower than the 
strengths obtained for either the single-spot or the two- 
spot longitudinal specimens. This is best shown by the 
following table: 


Table 4 


Two-Spot 
Longi- 
Single- tudinal 
Spot Speci- 
Speci- mens, * Two-Spot Transverse 
mens, * Max. Specimens 
Max. Average Spot 
Average Strength, Specimen Spac- Strength, 
Gage, Strength, Lb. per Width, ing, Lb. per 
In. Lb. Spot In. In. Spot 
0.020 325 350 1'/, 291 
3 283 
0.040 725 715 1!/, 3 565 
2 1 513 
0.064 1515 1415 2 1 1143 
21/, 1096 


* See Table 3 for dimensions. 


In this table it should be noted that the smaller transverse 
specimens gave the higher strengths. It is believed that 
the lower results obtained from the transverse specimens 
may be due to unequal load distribution on the two spots. 
When the spots are closer together the chance of unequal 
load distribution becomes less. This may explain why 
higher results were obtained from the smaller specimens. 
“U”’ Type Specimens.—The results from the ‘‘U"’ type 
specimens are summarized in the following table: 


Table 5 
B 
A Single-Spot 
Gage, “U" Type Specimen, Specimen, 


In. Strength, Lb. Strength, Lb. A/B Ratio 
tive strengths of single-spot and two-spot longitudinal 9 929 100 395 0.31 
specimens. 0.040 211 725 0.29 

Two-Spot Transverse Specimens.—In each gage two 0.064 439 1515 0.29 
sizes of specimens were investigated (Fig. 6). In all ? pot a 
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Fig. 15—Dispersion Chart of Welds in Fig. 16— omg Chart of Welds in Fig. 17—Effect of Aging on Stren of 
0.064-In. Alclad 24S-T 


0.040-In. Alclad 24S-T 


According to the recommendation of the Welding Re- 
search Committee of the AMERICAN WELDING SOCIETY 
the above ratio A/B is to be considered as a measure of 
the ductility of spot welds in the material.! The above 
values are low in comparison with values for ductile 
materials. 

Consistency of Results —Examination of the various 
curves and data presented in this report shows that at 
many points the ‘‘scatter’’ in the results from individual 
welds was appreciable in spite of all the care exercised to 
avoid it. Therefore, before drawing any conclusions it 
was necessary to compare the various types of specimens 
from the viewpoint of consistency. The percentage 
average deviation from the mean was calculated at each 
point investigated and for each series of control welds. 
These data, and in addition the maximum deviation in 
per cent above and below the mean, are summarized in 
the appendix to this report. 

Examination of these data shows that the average 
deviation from the mean was approximately 3% for the 
various two-spot specimens. The average deviation for 
the various single-spot specimens was not sufficiently 
higher to be significant. In other words, there does not 
appear to be any marked superiority of the two-spot type 
of specimens over the single-spot specimens in this re- 
spect. 

The maximum deviations above and below the mean 
are frequently found to be about twice the average devia- 
tion or around 6%. Again, the single-spot specimens 
give about the same consistency as the two-spot speci- 
mens. In the tables of the appendix it will be noted that 
the maximum deviations are considerably greater for 
the single-spot control welds than for the two-spot 
specimens. This is probably due to the fact that these 
figures for the control welds are obtained from a greater 
number of specimens. For a true comparison the single- 
spot deviations recorded in Appendix C should be used. 


Table 6 
Gage, Percentage of Welds Within 
In. *+10% of Mean +5% of Mean 
0.020 77 44 
0.040 87 57 
0.064 87 59 


TIME BETWEEN WELDING AND TESTING 


Welds in 0.064-In. Alclad 24S- 


It should be pointed owt that no welds were rejected in 
arriving at these figures. 

Dispersion charts for all the control welds made under 
the same conditions are shown in Figs. 14, 15 and 16 for 
the three gages of material. Examination of these charts 
shows the foregoing distribution of welds: 

Other investigations show that lack of consistency in 
test results may sometimes be traced to the fact that the 
first weld made on the electrode tips, which have been 
newly machined or cleaned, is frequently larger and 
stronger than the following welds. Results which in- 
clude such welds may be inconsistent regardless of 
whether single-spot or two-spot specimens are used. 
While this effect is most pronounced when using dome- 
shaped tips, it is believed advisable to make a general 
practice of always making two or three conditioning 
welds before welding test specimens on such tips. This 
should be done regardless of type of specimen, tip shape 
or method of cleaning tips. 

Aging of Welds.—Alclad 24S-T is age-hardening at 
room temperature. Since, in a spot-weld all of the fused 
zone and some of the surrounding base metal is taken 
above the solution temperature and effectively quenched, 
it was expected that the strength of a spot-weld in Alclad 
24S-T would increase with aging. 

In the literature® there has been a considerable diver- 
gence of opinion on this subject. Some investigators have 
claimed an increase from 10 to 30% in shear strength 
upon several days’ aging at room temperature. Others 
have found no appreciable increase after aging. In an 
attempt to determine the effect of aging, two series of 
single-spot lap-weld specimens in 0.064-in. Alclad 24S5-T 
were prepared on a condenser-discharge welder operating 
at 1500 Ib. electrode pressure with °/,.-in. flat tips. The 
stock was first degreased in CCl, and then treated for 45 
seconds in 6% commercial HF acid. The first series of 
welds averaged about 1300 Ib., and the lower curve in 
Fig. 17 shows the results that were obtained at different 
values of elapsed time between welding and testing. 
Although there is a small increase after five days, the 
scatter in the results was so great that no definite conclu- 
sions could be drawn. Since most of these welds were 
large enough to tear plugs, it was thought that the aging 
effect might be obscured. Another series of welds was 


3 Spraragen, W., and Claussen, G. E., “Resistance Welding Aluminum and 
Its Alloys,”” Tue Journat, July 1940. 


1942 SPOT WELDING ALUMINUM ALLOYS 117-s 


| 
0.064" ALCLAD 245S-T ] 
2 
| 
| 
as! 
| 
| 
we 
| 
| 
100 
ay 
the 
t 
| 
rth, 
Der 
rt 
3 
5 4 
3 a 
3 
= 
Tse 
hat 
ens 
yts. 
ual 
1S. 
3 
tio 
ati 
CH 
a 


then made with an average strength of about 1100 lb. 
but again it is evident from the upper curve in Fig. 17 
that the scatter was so great that the results were not 
conclusive. In both series of welds the increase upon 
aging was small, and in no case did it amount to anything 
like the 20-30% which had been mentioned in the litera- 
ture. In this investigation all of the specimens were 
tested at approximately the same time after welding to 
avoid any errors due to this effect. 


Conclusions 


As a result of this investigation the following conclu- 
sions may be drawn: 

1. The strength per spot obtained from two-spot 
longitudinal specimens can be less than, equal to or 
greater than the strength obtained from single-spot 
specimens depending upon the sheet thickness and the 
specimen dimensions. 

2. Equally consistent results are obtained from 
single-spot and two-spot specimens. 

3. From the above conclusions and in consideration of 
simplicity and economy, a single-spot specimen is to be 
preferred to a two-spot specimen. 

4, The single-spot specimen widths recommended by 
the Welding Research Committee of the AMERICAN 
WELDING Society are adequate for developing the full 
strength of the weld in the 0.020-in. (5/s-in. width) and 
0.040-in. (*/,-in. width) gages. In the 0.064-in. gage, 
however, the width should be increased from 1 in. to 
1'/, in. if the full strength of the weld is to be developed. 

5. Within the range of spot spacings investigated for 
two-spot longitudinal specimens, the weld strength in- 
creases gradually as the spot spacing is increased. 

6. As the width of two-spot longitudinal specimens is 
increased the strength also increases up to a maximum 
value and then falls off. In this investigation maximum 
weld strength was developed at widths of 1 in. in the 
0.020-in. gage, 1'/, in. in the 0.040-in. gage and 1°/, in. 
in the 0.064-in. gage. 

7. The two-spot transverse specimens which were 
investigated gave results appreciably lower than either 
the single-spot or the two-spot longitudinal specimens 
while the consistency was the same. There seems to be 
little to recommend this type of specimen. 

8. The “U”’ type specimens in the three gages in- 
vestigated give strengths which are approximately 30% 
of the strengths obtained from the single-spot lap-weld 
specimens. This value is low compared with similar 
values for ductile materials. 

9. Under no circumstances should test specimens of 
any type be welded on electrode tips that have been 
newly machined or cleaned in any way. Two or three 
conditioning welds should always be made before welding 
test specimens. 

10. In Alclad 24S-T there is little increase in the 
strength of spot-welds due to aging after welding. 


APPENDIX A 


Deviations from Longitudinal Speci- 


mens—Variable Spot Spacing Series 


Spot Average 
No. of Spac- Strength, % Deviation from Mean 
Gage, Speci- ing, Lb, per Max. Max. 


In. mens In. Spot Below Above Average 
0.020 5 5/5 282 —1.6 +2.9 
5 '/s 290 3.5 3.4 2.8 
5 8/5 310 5.6 4.1 2.9 


Spot Average 
No. of Spac- Strength, % Deviation from Mean 
Gage, Speci- ing, Lb. per Max. Max. 
In. 


mens In. Spot Below Above Average 
5 3/, 327 1.2 1.0 0.9 
5 1 356 6.5 4.0 3.4 
14 Single- 301 —-8.7 +9.7 
spot 
control 
welds 
0.040 5 612 —3.0 42.0 #1.5 
5 5/. 640 1.5 1.5 1.1 
5 3/, 675 6.3 8.1 3.4 
High 
current 5 1 723 4.6 6.4 3.2 
series 5 1'/, 716 6.1 6.1 3.5 
14 Single- 703 —10.4 +12.3 
spot 
control 
welds 
0.040 5 435 —15.5 +16.8 +13.2 
5 5/s 497 9.8 10.8 8.0 
5 3/4 523 5.7 4.8 1.6 
Low 
current 5 1 577 11.8 8.7 2.5 
series 5 623 6.2 7.5 3 
17 Single- 610 —22.9 +17.2 +90 
spot 
control 
welds 
0.064 5 1256 -1.3 +41.8 *1.2 
5 3/, 1310 6.5 2.3 2.6 
5 1379 7.2 8.8 4.8 
5 1'/, 1409 4.1 3.5 2.5 
5 11/2 1546 §.2 2.1 
14 Single- 1410 —5.7 +8.5 3.5 
spot 
control 
welds 
APPENDIX B 


Deviations from Mean—Two-Spot Longitudinal Speci- 
mens—Variable Width Series 


Speci- Average 
No. of men_ Strength, % Deviation from Mean 
Gage, Speci- Widths, Lb. per Max. Max. 


In. mens In. Spot Below Above Average 
0.020 5 5/, 319 —4.4 +3.5 +=2.2 
5 3/, 348 5.1 5.0 3.5 
5 1 347 7.8 5.9 3.2 
5 1'/, 338 15.7 5.8 6.2 
5 1'/; 306 11.1 4.5 4.2 
14 Single- 302 —-12.3 +12.6 +7.0 
spot 
control 
welds 
0.040 5 626 —-2.9 +1.0 +1. 
5 695 4.0 4.8 2. 
5 1'/, 714 3.1 6.3 2. 
5 1'/, 717 4.4 4.0 2. 
5 13/, 672 4.3 4.5 3. 
17 Single- 721 —14.7 +15.1 


welds 
0.064 5 1 1316 —3.5 +3.7 

5 1'/, 1384 6.0 4.9 4.3 
5 1'/, 1476 6.6 6.1 3.2 
5 13/, 1399 2.7 2.8 2.1 
5 1427 5.1 6.5 3.7 
5 21/2 1345 3.2 2.2 2.3 
17 Single- 1351 —-14.9 +10.7 +6.4 

spot 

control 

welds 
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APPENDIX C 


Deviation from Mean—Single-Spot Specimens— Varia- 
ble Width Series and All Control Welds 


Speci- Average 


No. of men_ Strength, % Deviation from Mean 
Gage, Speci- Width, Lb.per Max. Max. 
In. mens In. Spot Below Above Average 
0.020 5 5/5 266 —4.2 +7.1 +3.0 
5 1/4 317 6.9 5.8 4.4 
5 5/, 340 3.0 4.3 1.8 
5 316 2.3 6.0 4.7 
5 319 7.5 3.3 3.4 
16 Single- 319 —12.2 +11.2 +6.3 
spot 
control 
welds 
0.040 5 1/9 537 —3.1 +3.3 +2.2 
5 5/s 625 4.0 8.0 3.2 
5 3/4 746 5.5 3.2 2.5 
5 1 700 10.0 11.2 7.1 
5 1'/, 790 5.1 8.2 3.5 
16 Single- 737 —10.5 +7.1 +3.4 
spot 
control 
welds 
0.064 5 5/, 1007 —-2.6 +2.3 
5 3/4 1181 5.2 6.2 2.8 
5 1348 2.8 3.7 2.32 
5 1'/, 1542 12.2 6.7 5.3 
5 1'/, 1533 6.7 8.0 5.1 
16 Single- 1383 —-8.5 +10.7 
spot 
control 
welds 


Part II—Comparison of Specimen Types and Dimensions— 
525S-/,H 0.040 Inch in Thickness 


Introduction 


HE purpose of this investigation was to compare 

several types of spot-weld test specimens and to 

study the effects of specimen dimensions, spot spac- 
ing, sheet thickness and material characteristics on the 
test results. Part I of this report covered the work on 
Alclad 24S-T, 0.020, 0.040 and 0.064 in. in thickness. 
This part, which completes the report, covers the work on 
52S-'/sH material, 0.040 in. in thickness. At this point 
it is well to compare the properties and characteristics of 
52S-'/,H, with Alclad 24S-T. 


Table 7 
Electrical 
Conductivity Endur- 
% of Ultimate Vield % Shear ance 
International Strength, Strength, Elonga- Strength, Limit 
Copper Lb. per Lb. per tion in Lb. per Lb. per 
Alloy Standard Sq. In. Sq. S. 2 In. Sq. In. Sq. In 
52S- 
V/3sH 40 37,000 29,000 10 21,000 19,000 
Alclad 
24S-T 30 62,000 41,000 18 40,000 11,000* 


* Approximate. 


The above table shows that Alclad 24S-T has the lower 
electrical conductivity and the greater strength of the 
two materials. In spite of these facts it was possible to 
make spot-welds in 52S-'/,H almost as strong as those in 
Alclad 24S-T. The endurance limits indicate that the 
52S-'/:H should be better in fatigue. However, no data 
are yet available on the relative strengths of spot-welds 
in the two materials. 
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Speci- Average 


No. of men Strength, % Deviation from Mean 
Gage, Speci- Width, Lb. per. Max. Max. 

In. mens In. Spot Below Above Average 
0.020 43 All sin- 305 —13.2 +16 - + 6 .6 
0.040 46 gle spot 725 —15.2 +14.5 — 4 
0.064 46 control 1380 —16.7 +14.8 5.4 

welds 
APPENDIX D 


Deviations from Mean—‘‘U" Type and Two-Spot Trans- 
verse Specimens 


No. Average 


of Strength, % Deviation from Mean 
Gage, Speci- Lb. per Max Max ; 
In. mens Type of Specimen Spot Below Above Average 
0.020 5 “U" Type 100 10.0 +350 #14.0 
0.040 5 “U" Type 211 2.9 1.9 1 4 
0.064 5 “U" Type 439 8.9 12.8 6.6 
0.020 ) No. 1 two-spot trans- 292 6.7 + 9.8 + 4.8 
verse 
5 No. 2 two-spot trans- 284 11.8 12.9 5.3 
verse 
0.040 5 No. | two-spot trans- 566 4.6 7.3 3.0 
verse 
5 No. 2 two-spot trans- 513 4.5 6.2 3.9 
verse 
0.064 5 No. | two-spot trans- 1143 4.3 5.7 3.1 
verse 
5 No. 2 two-spot trans- 1096 4.3 4.2 3.3 
verse 
0.020 11 Single-spot control 299 - 9.7 +13.8 « 8.0 
welds 
0.040 11 Single-spot control 765 7.8 8 4 44 
welds 
0.064 11 Single-spot control 1400 14.7 13.2 8.2 
welds 


The 52S-'/:H material is a non-heat-treatable alloy, 
while the Alclad 24S-T is age-hardening at room tempera- 
ture. Since, in a spot-weld all of the fused zone and 
some of the surrounding base metal is taken above the 
solution temperature and effectively quenched, it was 
expected that the strength of a spot-weld in Alclad 24S-'l 
would increase with aging. This could not be substanti- 
ated, however, by experiments which are described in 
Part I of this report. 


Procedure 


With a few exceptions the procedure in investigating 
the 52S-'/:H material was the same as was described in 
Part I of the report. Prior to wire brushing, the ma- 
terial was degreased in Aviation Oakite instead of carbon 
tetrachloride. The specimens were welded on the same 
spot-welder under similar conditions as shown in Table 8. 


Table 8 
Average 
Strength of 
Electrode Single-Spot 
Alloy and Pressure, Lap-Welds, 
Gage Electrode Tips Lb. Lb. 
52S-'/H = '/, In. diam. flat x 10° copper 1200 675 
0.040 in. 
Alclad 
24S-T 1/, In, diam. flat x 10° copper 1000 725 
0.040 in. 
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It will be noted that the electrode pressure was increased 
by 200 Ib. for the 52S material. This was necessary in 
order to reduce porosity in the welds. These conditions 
produced a sound weld having a diameter of 0.23 in. and a 
sheet penetration of 39% in contrast to a diameter of 0.20 
in. with the same penetration in the Alclad material. It 
is believed that a weld of the latter size could have been 
made in the 52S material using ’/3:-in. diameter flat tips. 
The electrode tips remained remarkably free from pick-up 
and required no cleaning throughout the entire investiga- 
tion in which a total of about 250 welds were made. The 
specimen dimensions were the same as shown for the 
Alclad material in Figs. 4, 5, 6 and 7 of Part I of this 
report. The effect of overlap in single-spot specimens 
was not investigated since it was not considered impor- 
tant. 


Results 


Single-Spot Specimens.—The effects of specimen width 
on the test results are shown in Fig. 18. This figure 
indicates that a specimen width of about 1'/, in. is re- 
quired to develop the full strength of the weld. In the 
Alclad 24S-T a width of */, in. was required. It is be- 
lieved that the difference is due to the fact that, in 52S- 
'/sH material, a width of */, in. may provide sufficient 
strength in the specimen but not enough stiffness to re- 
strict the bending which affects the results. This fact, 
however, does not mean that a width of */; in. is unsatis- 
factory as a standard width. It should be remembered 
that this investigation is based upon about the largest 
and strongest welds that might be encountered in this 
gage of material. A width of */, in. would be more 
adequate for smaller welds in the above respect. Fur- 
thermore, for standardization purposes, it is more im- 
portant that the width be made sufficiently great in order 
that a small deviation ( + '/3: in.) from the standard width 
will not seriously affect the test results. A width of */, 
in. should be adequate in this respect. 

Two-Spot Longitudinal Specimens.—The effects of spot 
spacing on the test results are shown in Fig. 19. As in 
the case of the Alclad material, the strength at first in- 
creases with spot spacing and then levels off at a spacing 
of about 1 in. 


The effects of specimen width on the test results are 
shown in Fig. 18. For obtaining these data the spot 
spacing was kept constant at lin. It will be noted that 
the full strength of the welds is developed at a width of 
1'/, in., which is the same as in single- spot specimens. 
This substantiates the observation that in single-spot 
specimens a width of */, in. provides sufficient strength 
but not enough stiffness to restrict bending. In the two- 
spot specimens bending is avoided and stiffness is not so 
important. A summary of the results obtained with the 
52S and Alclad materials is presented in the following 
table: 


Table 9 
Two-Spot Longitudinal 
Single-Spot Specimens Specimens 
Min. Maxi- Width Maxi- 
Width mum for Spot mum 


for Max. Average Maximum Spac- Average 
Alloy and Strength, Strength, Strengths, ing, Strengths, 


Gage In. Lb. In. In. Lb. 
0.040 in. 1'/, 745 1'/, 1 720 
Alclad 
24S-T 
0.040 in. 3/4 725 1'/, 1 715 
Table 10 
Two-Spot 
Longi- 
Single- tudinal 
Spot Speci- 
Speci- mens Two-Spot Transverse 


mens Max. « Specimens 
Max. Average Spot 
Average Strength, Specimen Spac- Strength, 
Alloy and Strength, Lb. per Width, ing, Lb. per 


Gage Lb. Spot In. In. Spot 
52S-1!/,H 745 720 3/, 651 
0.040 in. 2 1 680 
Alclad 
24S-T 725 715 1'/, 3/, 565 
0.040 in. 2 1 513 
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Two-Spot Transverse Specimens.—Table 10 shows the 
results obtained from the two-spot transverse specimens. 
While the maximum strengths for the single-spot and 
two-spot longitudinal specimens were approximately the 
same for the 52S and Alclad materials, the two-spot 
transverse specimens give higher strengths in the 52S 
material. 

“LU” Type Specimens.—The results from the ‘‘U”’ type 
specimens are summarized in the following table: 


Table 11 


B 
Single-Spot 
Specimen, 
Shear 
Strength, Lb. 


A 
“U” Type Speci- 
mens, Tensile 
Strength, Lb. 


Alloy and 
Gage 
52S-'/;H 
0.040 in. 

Alclad 
24S-T 
0.040 in. 


A/B Ratio 


0.61 


0.29 


These results indicate that the spot-welds are consider- 
ably more ductile in the 52S than in the Alclad material, 
since the A/B ratio is greater. It should be noted that 
the above shear strengths were obtained from single-spot 
specimens of the same width (*/, in.). At other widths 
the shear strengths and the A/B ratios would have been 
different. It is evident, therefore, that the tension-shear 
ratio is a function of the specimen dimensions and that 
comparison of these ratios is only possible when speci- 
mens of identical dimensions are used. 

Consistency of Results —Throughout the investigation 
the results were a little more consistent than in the 
previous work with the Alclad material. The percentage 
average deviation from the mean was calculated at each 
point investigated and for each series of control welds. 
These data, and in addition the maximum deviation in 
per cent above and below the mean, are summarized in 
Appendix E of this report. Comparison of these data 
with the corresponding data for the Alclad material 
shows that the 52S control welds were particularly more 
consistent in strength. Dispersion charts of all the con- 
trol welds made in the two materials are shown in Figs. 
15 and 20. Examination of these charts shows the 
following distribution of welds: 


Table 12 


Percentage of Welds Within 
+ 10% of Mean +5% of Mean 


Alloy and 

Gage 
52S-1/,H 
0.040 in. 
Alclad 24S-T 
0.040 


In the 52S material there was considerably more bend- 
ing during testing than in the Alclad material and all of 
the failures were of the tearing type. In this investiga- 
tion it was again evident that the relationship between 
the results obtained from single- and two-spot specimens 
is dependent upon the dimensions of the specimens. 


Conclusions 


The results of the investigation of the 0.040-in., 52S- 
'/xH material confirm conclusions 1, 2, 3, 5, 7 and 9 which 
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were presented in Part I of this report. In addition to 
those conclusions the following observations may be 
made: 

10. In the 0.040-in., 52S-'/2H material the single-spot 
specimen width (*/, in.), recommended by the Welding 
Research Committee of the AMERICAN WELDING Soctety, 
is not adequate for developing the full strength of the 
weld. At this width, however, a small deviation in.) 
either way does not seriously affect the test result. 

11. In the 52S-'/.H material the tension-shear ratio 
is 0.61 which indicates that spot-welds in this material 
are more ductile than those made in Alclad 24S-T. 

12. The ratio of tensile strength (‘‘U"’ type specimen) 
to shear strength (single-spot lap-weld specimen) is a 
function of the specimen dimensions. Comparison of 
these ratios is only possible when specimens of identical 
dimensions are used. 


APPENDIX E 


Deviations from Mean-—-Two-Spot Longitudinal Speci- 
mens Variable Spot Spacing Series 


Spot Average 


No. of 
Speci- 
mens 


Alloy and 
Gage 
52S-!/.H 
0.040 in. 


Spac- Strength, 
ing, Lb. per 
In. Spot 

1/, 641 


5/, 670 


% Deviation from Mean 


Max 
Below 
—4.4 
4.5 


Max 
Above 
+5.3 


9.7 


Average 
=3. 


3/, 681 0.9 1.3 
l 719 1 6.4 
1'/, 3 4.3 
Single- 
spot control 
welds 


Deviations from Mean—Two-Spot Longitudinal Speci- 
mens—Variable Width Series 


Average 
Strength, 


Speci- 
No. of men 
Alloyand Speci- Width, Lb. per Max. Max. 
Gage mens In. Spot Below Above 
52S-'/,H 3/, 523 —1.! 
0.040 in. l 635 
716 
719 
730 
Single- 690 
spot control 
welds 


% Deviation from Mean 


Average 


+ bo bo & bo 
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Deviations from Mean—Single-Spot Specimens Varia- 
ble Width Series and All Control Welds 


Average 
Strength, 
Lb. per 
Spot 


Speci- 
No. of men 
Speci- Width, 
mens In. 


% Deviation from Mean 
Max. Max. 
Below Above 
—4 7 +5 
6 


Alloy and 
Gage 
52S-'/.H 
0.040 in. 


Average 


1 

1'/, 

1'/, 
Single- 
spot 
control 


All 
single-spot 
Control 
welds 


or or or Gt 


661 


52S-1/,H 
0.040 in. 


675 


SPOT WELDING ALUMINUM ALLOYS 


415 675 
211 725 
( 
5 4.7 
5 2.3 
ay 
a 
“1.1 
2.4 
1.0 
1.6 
2.6 
— 
i 
00 
1 83 
87 57 
» 
577 - 
650 
3/, 664 3.2 
709 2.0 1.5 1.0 
751 0.8 1.8 1.0 Beh} 
744 l l ” l 0 
I 4.7 8.9 2.7 
. meee! 
Voge 
121-s 
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Average 
of Strength, % Deviation from Mean 
Alloy and Speci Lb. per Max Max 
Gage mens Type of Specimen Spot Below Above Average 
528-1/sH 5 “U" type 415 -—6.0 +9.6 «4.8 
0.040 in 5 Single-spot control O84 —-2.8 +2.3 1.9 
5 No. | two-spot trans- 651 —-5.6 +4.0 *=2.4 


verse 


Deviations from Mean—‘U’’ Type and Two-Spot Transverse Specimens 


No. Average 
of Strength, % Deviation from Mean 
Alloy and Speci- : Lb. per Max. Max. 

Gage mens Type of Specimen Spot Below Above Average 
52S-'/2H 5 No. 2 two-spot trans- 680 —5.5 +6.7 4.3 
0.040 in. verse 

5 Single-spot control 672 —-3.3 +4.2 #17 


Residual Stress in Butt-Welded 


N spite of the large number of investigations on welding 
stress,' the relation between the welding procedure 
and the retained stress is not well known. It has to 

be fundamentally assumed that the stress state in a 
welded structure, while following some general pattern, 
considerably varies from point to point, in all three 
directions. Therefore, the usual procedure of determin- 
ing the stress state at a number of selected gage lengths, 
such as by most mechanical methods, or points, such as 
by means of X-rays, will yield widely varying values 
which are difficult to assemble. On the other hand, the 
attempts of obtaining average values in welded disks 
have disregarded the local variations in residual stress. 

From a fundamental point of view, the butt welding of 
thin-walled tubing simulates the possibly simplest weld- 
ing conditions, approaching rotational symmetry. How- 
ever, little attention has been given to the systematic 
investigation of welded tubing or pipe in respect to the 
residual stress retained after welding.’ 

Therefore, an experimental program has been initiated 
in order to determine the welding stress in butt-welded 
S.A.E. X4130 tubing, which is one of the most important 
structural alloys for aircraft and other high-duty equip- 
ment. 

In order to obtain a more complete picture on the 
magnitude and distribution of the welding stress, the 
following procedure has been adopted. 

First, the average circumferential stress in each ring 
section of the tubing must be determined by some 
mechanical method. (It was assumed, subject to later 
confirmation, that the average longitudinal stress in a 
welded tubing is throughout riegligible, because of the 
absence of an external longitudinal restraint.) The 
circumferential stress should conform to that of a tube, 
on which a narrow hot ring, the welded bead, is shrunk on. 

Second, the distribution of the average circumferential 
stress in a ring-shaped section through the thickness can 
be determined by one of the methods developed for the 
measurement of residual stress in thin-walled tubing.*: * ° 

Third, the local stress state can be determined by 
means of X-rays or perhaps some differential mechanical 
method." 

This report deals with the first of the above-described 
three steps in the analysis of the weld stress in butt- 
welded tubing. 


* Contribution to Fundamental Research Division, Welding Research 
Committee 


t Case School of Applied Science, Cleveland, Ohio. 


S.A.E. X4130 Tubing —Part I 


By G. Sachs! and T. Graham! 
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Material and Procedure 


Commercial S.A.E. X4130 tubing, 1*/,-in. outside diam- 
eter and 0.084-in. wall thickness was selected for the 
investigation.* S.A.E. X4130 has an ultimate strength 
of approximately 110,000 psi., a yield strength of 90,000 
psi. and an elongation of 15 per cent. The tubing was 
stress relieved, the absence of residual stress being de- 
termined by the split ring method.’ 

Pieces, 6 in. in length, were cut from the tubing and 
end faced on a lathe. “Two such pieces were butt 
weldedt by the oxyacetylene proces§ in the production 
line of a company producing aircraft parts and accus- 
tomed to welding such material. Swedish iron welding 
rod (S.A.E. 1006), '/s in. diameter was used. The welds 
were tacked on opposite sides. The welding was started 
between the two tacks and was then continuous. Thus, 
the warpage was maintained at a minimum. The speci- 
mens were only locally preheated with the torch, and 
after welding allowed to cool in air, then sandblasted in 
order to remove the scale. 

A macrograph of a butt-welded tubing is shown in 
Fig. 1, showing the remarkable uniformity of the bead. 
A visual examination of the interior indicated complete 
welding with minor protuberances. 

The specimen shown in Fig. 1 was etched with nitric 
acid, and this procedure revealed the heat-affected or 
grain-refined zones extending approximately */, in. on 
each side of the bead. 

If a ring section of tubing contains an average circum- 


* We are indebted to the Ohio Seamless Tube Co., Shelby, Ohio, for sup 
plying the steel used in this investigation 

t The authors are indebted to G. L. Becker, Supervisor, Aircraft Procure- 
ment Office, U.S. Army, Cleveland, Ohio, for the weiding of samples. 


Fig. 1—Macro-Etched Butt-Welded S.A.E. X4130 Tube, 
Showing Heat-Affected Zones 
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Fig. 2—Rotary Gage (Without Case) Showing Tube in Position 


Fig. 4—Front View of Apparatus Showing the Encased Portion 


ferential stress it will expand or contract if cut from the 
tubing. 

Attempts were made to determine these strains of 
various ring sections of welded tubing by means of a 
measuring micrometer. However, no reliable values 
could be obtained by this method, because of the out-of- 
roundness of the tubing, its elastic yielding on measuring 
and other difficulties. 

It was, therefore, decided to build a ‘“‘rotary gage’ in 
order to accurately and automatically measure the 
changes in circumference. After considerable amount of 
trial and improvements the apparatus shown in Fig. 2 
was constructed. 

The principle of determining circumference by fric- 
tional contact of a disk to the tube has been employed. 
The amount of rotation of tube necessary to effect a 
definite degree of rotation of disk is then measured. The 
residual average circumferential stress, S, is determined 
by the following relations: 


TUBE 
CONTACT | 
WHEEL : | 
\ | 
D, = diameter of original tube at a gage circle 
D, = diameter of ring cut from tube 
D; = diameter of contact wheel 
Vv, = revolutions of original tube 
Nz = revolutions of ring cut from tube 
N; = revolutions of contact wheel (constant) 
1942 


RESIDUAL STRESS IN WELDED TUBING 


rD,N, = and = 


AD = D, Dy - 


DN; 

N, Ne 

EAD 


Substituting in the equation for stress S 1D 


where E = modulus of elasticity = 30,000,000 psi. 


The entire mechanism was mounted on a */,-in. gray 
iron plate and supported on six rubber cushions, in order 
to insure unity vibration. The ways of the tube bench 
and support for the friction-driven wheel were cast steel 
A small '/\-hp. X-ray motor, 1750 r.p.m., acted as the 
drive mechanism through a worm and gear so that the 
tube turns approximately 28 r.p.m. Attached to the 
drive shaft of a motor are a revolution counter and disk 
marked in degrees. The friction-driven wheel may be 
adjusted to any position and under any desired pressure. 
The wheel itself, approximately twice the diameter of the 
tubing, is a hardened steel disk with a ground radius on 
the edge. It is mounted in two aircraft bearings on one 
end of a beam which is free to float in contact with tube. 
Attached to the wheel are also an electric counter and 
pointer to indicate exact revolutions, Fig. 3. 

Considerable changes and tests were necessary in 
order to obtain consistent data. Thesproblems of vibra 


Fig. 3—-End View of “Rotary Gage’ in Cabinet 


Fig. 5—Close-Up of Chucks and Ring Specimens in Position 
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tion and slippage were overcome by regulating the pres- 
sure on the wheel and the problem of irregular tempera- 
ture changes was defeated when the tube and wheel 
were incased, Fig. 4. The proper alignment of the ring- 
shaped specimens offered considerable difficulties until a 
flat and a conical chuck, Fig. 5, were used for this pro- 
cedure, two conical chucks being suitable for the align- 
ment of a longer piece (over 2 in.). 

As the later discussed results show, it was sufficient to 
investigate a length of the butt-welded tubing of approxi- 
mately 4 in. (or less), the welded bead being in the center 
of Figs. 6 and 7. This length was carefully faced in 
order to provide ends perpendicular to the axis. 

Reading at various points of this specimen were taken 
in the following manner: The tube was mounted 
tightly between the conical chucks of the drive shaft, 
Fig. 2. After obtaining zero settings on the revolution 
counter and degree scale, the friction-driven disk was 
lowered and zero setting made on it. The motor was 
started and allowed to run until the friction-driven disk 
had turned 199 revolutions plus. The motor then was 
turned by thumb screw on worm till the friction disk 
pointer indicated exactly 200 revolutions. The corre- 
sponding readings of revolutions plus degrees were re- 
corded from tube drive shaft. After 500 revolutions of 
friction wheel, a breaking-in period, three readings were 
recorded for each position on the tube. 

Various positions of the tube were obtained by moving 
the friction wheel by definite amounts, usually '/, in. at a 
time, as indicated on a calibrated scale of the ways sup- 
porting the friction-driven wheel. The point of contact 
caused some smoothing of the surface of the tube, but no 
serious wear, and values became constant after 500 
revolutions. The values never varied over 5° of a 
revolution at any one position. 

The tube was then removed to a lathe, using the same 
conical chucks to support it, and slowly machined with a 
'/\e-in. cut-off tool between the measured positions mak- 
ing a ring */1s in. wide. The previously measured posi- 
tion on the tube was used as a center line of the ring. 
The rings were subsequently dressed and placed in posi- 
tion with a conical chuck on one side and a flat chuck on 
the other and adjusted so that the friction disk followed 
the path previously made. Again the relative circum- 
ference was determined, three readings being necessary. 
Great care must be exercised in positioning the ring to get 
exactly the previous position and accurate alignment. 
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Fig. 7—Average Stress Values of Butt Welded S.A.E. X 4130 Tubing. 
After Acetylene Welding Tube Was Machined Inside and Out to 0.050 
In. Wall Thickness 


The two corresponding ratios of circumferences being 
known, the average residual stresses can be calculated as 
before mentioned. Values obtained on two specimens 
are graphically shown in Figs. 6 and 7. 


Results 


Two butt-welded tubing specimens were investigated 
by this method, the one as-welded and sandblasted, the 
other being machined on both the inside and outside to a 
truly cylindrical shape. By this procedure the wall 
thickness was reduced from 0.084 to 0.050 average thick- 
ness, the original thickness of the welded bead being 
approximately '/s in. 

For the accurate position of the gage lines see the 
sketches in the upper part of Figs. 6 and 7. These 
figures also illustrate the manner in which the tubings 
were dissected for these tests. The results of the stress 
measurements are graphically represented in the lower 
part of Figs. 6 and 7. It was assumed that the stress is 
symmetrical about the center plane of the bead, which 
was selected as zero position. The agreement between 
the values obtained on each half of the welded specimen 
can be considered as a proof for both the accuracy of the 
measurement and the assumption of symmetry along 
the longitudinal axis (regarding the average circum- 
ferential stress). 

The results obtained on the as-welded tubing, Fig. 6, 
confirm the general conception on the development of 
residual stress in a welded article. The welded bead, 
being the hottest part, tends to contract more than the 
parent metal. Therefore, this introduces circumferential 
tension in the deposited metal. This tension is counter- 
balanced by compression in the base metal, and in agree- 
ment with theoretical conception. The magnitude of 
this compression decreases with increasing distance from 
the weld, presumably according to a logarithmic function. 
A comparison of this stress distribution with the macro- 
graph, Fig. 1, shows that the residual stress in such an 
(externally) unrestrained weld is practically limited to 
the heat-affected zones,* these being heated above the 
critical range. 

According to the general theory of elasticity the cir- 
cumferential forces must be in equilibrium, or the total 
magnitude of the compressional forces must be equal to 


* It was observed that the width of the heat-affected zone is only about 
1/: in. on the inside but */, in. on the outside. This does not impair the above 


Fig 6—Average Stress Values of Butt Welded S.A.E. X 4130 Tubing conclusion. However, it substantiates the expectation that the external sur 


Surface Was Sandblasted After Acetylene Welding 
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face of the tubing is heated during welding to a higher temperature than the 
internal surface. 
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that of the tensional forces. As the weld is approxi- 
mately 1.5 times as thick as the tubing, the area of com- 
pression in Fig. 6 should be approximately 1.5 times as 
large as the area of tension. The measurements gave, 
however, a considerably lower tension in the bead than 
was to be expected. This discrepancy might be caused 
by the uncertainty of the stress measurement in the 
rough bead, by deviations of the assumed from the actual 
center line (which undoubtedly is not a perfect circle), by 
the relief of stress in the cutting operation which increases 
with the magnitude of the residual stress,* etc. 

Therefore, it can be assumed that the magnitude of the 
residual compression stresses in the parent metal only 
slightly exceeds the experimentally obtained values. 
The maximum circumferential (average) compression 
adjacent to the bead is therefore between 15,000 and 
20,000 psi. On the contrary, the average tension in the 
deposited metal must be considerably higher than shown 
in Fig. 6, and is probably between 20,000 and 25,000 psi. 

The residual stress found in the machined specimen, 
Fig. 7, confirms the results obtained for the as-welded 
tubing regarding the stress distribution. The magnitude 
of the stresses in the parent metal is, however, consider- 
ably reduced because of the stress-relieving effect result- 


ing from the removal of about 60°; of the bead and, to a 
minor extent, of a part of the tubing itself. The low 
stress found in the bead is explained mainly by position 
of the measured ring which is rather eccentric to the axis. 

Preliminary X-ray measurements of the residual stress 
present in welded bead have confirmed an average cir- 
cumferential stress of 15,000 to 20,000 psi. However, 
the stress varied in the circumferential direction from 
point to point* between wide limits by approximately 
+20,000 psi. Also, the assumption that the average . 
longitudinal stress is negligible was confirmed, but again 
large variations were found. 
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Stress Distribution in Welded Tube 
Connections 


By Frank L. Tocher 


Preface 


HIS is the first attempt at Rensselaer Polytechnic 

Institute to obtain experimentally the properties 

of welded tube connections. The author wishes 
to express his appreciation to Mr. George T. Horton for 
his foresight in suggesting the project, to Mr. Harold S. 
Card, Director of Product Development, Formed Steel 
Tube Institute, for his efforts in obtaining the necessary 
material, to Professor Leroy W. Clark, Mr. H. Duff 
Williamson and Mr. Joseph F. Throop for their interest 
and guidance and to Mr. R. W. Davies for his help in 
welding of the tube connections. 


Introduction 


_The object of this research was to determine the stress 
distribution in various types of welded tube connections. 
This is considered to be of importance because the rapid 
advances made in welding have brought tubes into 
prominence in the field of structures. Previous to the 
developments of modern welding methods the imprac- 
ticability of making satisfactory connections had made 


* Abstract of a thesis submitted to the faculty of Rensselaer Polytechnic 
Institute in partial fulfilment of the requirements for the degree of Bachelor 
ot Science in Civil Engineering. A contribution to the Fundamental Research 

vision. 

Note: The thesis from which this paper is abstracted was awarded the 
MacDonald Prize in June 1941. This is one of the outstanding prize awards 
at Rensselaer Polytechnic Institute. It is awarded at Commencement to the 
student of Civil Engineering who presents the best thesis involving design 
for an engineering work or an investigation of a process, natural product or 
natural law of particular interest to engineers. Mtr, Tocher was graduated 
with the Class of 1941 — Editor. 


it difficult to utilize the structural advantages of the 
round tube section. 

For a given weight there is no section in which the 
material is better distributed for torsion loads than in 
round tubing. The tube is a superior column section 
due to its inherent ability to resist bending stresses equally 
in all directions. This is especially true in long columns 
which tend to fail by buckling. A tubular beam of cir- 
cular cross section will also have the least weight for a 
good strength and stiffness where the member must be 
designed for loading in any direction. It has been ob- 
served further that a welded tube structure when sub- 
jected to abnormal impact tends to absorb and localize 
the shock, preventing an undue extension of damage 
throughout the structure. The advantage of the unit 
structure can be stated further in terms of greater 
strength for the same weight of material. However, with 
all of the advantages of tubular construction little 1s 
known of the stress distribution in tube connections. 


Apparatus 


The testing was done on a 100,000-Ib. Southwark-Tate- 
Emery hydraulic testing machine. This machine was 
built by the Baldwin-Southwark Division of the Baldwin 
Locomotive Company in 1939 and was calibrated on 
April 10, 1941. 

The strains were measured with four Huggenberger 
extensometers. The magnification of the extensometers 
was approximately one to one thousand. A Berry Strain 
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Gage with an 8-in. distance between the measuring 
points was also used. 


General Procedure 


The area of each tube to be used in the test was de- 
termined by weighing and measuring a 2-ft. specimen cut 
from each tube. This specimen was tested and the strains 
for each load were recorded. The various pieces were 
then shaped to make the desired joint. All specimens 
were welded in the Welding Laboratory of Rensselaer 
Polytechnic Institute. 

The next step was to determine a range of loads that 
were within the yield point of the joint. This was done 
with the Berry Strain Gauge. The load was gradually 
increased and released to zero at each 1000 lb. until the 
first permanent set was observed. The range of loads 
used for tests below the yield point was taken as 1000 
lb. below the first permanent set. 

With a known range of loads below the yield point, 
groups of readings were taken at various places about 
the joint for each 1000 Ib. of load. These readings were 
then plotted to determine the average strain below the 
yield point. 

After all the desired readings had been taken below the 
yield point, the Huggenberger extensometers were set in 
critical positions in order to determine the action of parts 
of the joint at yield loads. The Berry Gauge was used to 
determine the yield point in the horizontal tube. After 
the yield points were determined the load was continually 
increased until the joint was broken. 


Preliminary Tests 


In order to determine the properties of the material, 
a 2-ft. specimen was cut from each of the tubes to be 
used. After being weighed and measured to determine 
the area each specimen was tested in tension. The area, 
modulus of elasticity, yield stress and ultimate stress of 
all specimens were tabulated. The material was very 
uniform in character. 


Joint No. 1 (Fig. 2) 


The vertical tubes were 2-in. outside diameter welded 
steel tubing with a wall thickness of 0.148 in. The hori- 
zontal tube was 3-in. outside diameter welded steel tube 
with a wall thickness of 0.165 in. The weld was made 
completely around the periphery of the 2-in. tube. The 
D/t ratios were: 13.5 for the 2-in. tube; and 18.2 for the 
3-in. tube, where D is the outside diameter and ? is the 
wall thickness. 

A tension test was made on the specimen in the testing 
machine. Readings on the Berry Gage were taken at 
increments of 1000 Ib. to determine the yield point of the 
3-in. tube. There was no permanent set at 12,000 lb. 
Thus the yield point was above 12,000 lb. 

Twenty sets of readings were taken at various positions 
about the joint, both parallel and perpendicular to the 
horizontal axis. All the extensometer readings were 
taken on the vertical tube. 

Each set of readings was plotted to determine the av- 
erage stress for a 10,000-Ib. load. The values of the stress 
at each position for the 10,000-lb. load were plotted 
against the distance of the points of reading from the 
joint. The graph is shown in Fig. 1. This shows that 
there is a stress concentration factor of 2.0 in side 1 (see 
Fig. 2) of the vertical tube at the weld. Onside 2 the stress 
at the weld is approximately zero. These conditions exist 
for loads below the yield point of the horizontal tube. 

A final test was made to determine the yield points 
and the breaking load. When the,gages were set in 
position readings for loads 0, 5000 and 10,000 Ib. were 
made and checked against previous readings. For loads 
over 10,000 Ib. readings were taken at 1000-Ib. intervals. 

The first noticeable yield point was 14,000 lb. The 
Berry Gage readings changed from an average of 0.005- 
in. to 0.015 in. per 1000 Ib. At this load there was a no- 
ticeable readjustment in the stress distribution in the ver- 
tical tube. As there was no yield shown by the exten- 
someters on the vertical tube the yield point was in the 
horizontal tube. 
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JOINT NO. 2 


Fig. 2 


For loads greater than 14,000 Ib. the stress in side 1 of 
the vertical tube decreased slightly until the load was 
20,000 Ib., after which the stress increased again. At the 
same time, on side 2 of the vertical tube the stress in- 
creased much faster for loads above 14,000 Ib. than for 
loads below 14,000 Ib. The next yield point was at the 
load of 29,500 Ib. This yield on the vertical tube was in 
agreement with readings taken on a 2-ft. tension speci- 
men which showed a yield point at 28,900 Ib. 

The breaking load was at 37,500. A specimen broke in 
two places, one in the horizontal tube next to the weld, 
and the other in the vertical tube next to the weld and on 
the opposite side of the first break. 

It was concluded from the observations made that a 
yield in the horizontal tube causes a rapid redistribution 
of the stress in the vertical tube. As the load increased 
above the yield point of the horizontal tube the stresses 
on the faces of the vertical tube 90° apart became ap- 
proximately equal. This is illustrated in Fig. 1. The 
stress of side 1 of the vertical tube decreases at a uniform 
rate to a point 3 in. from the joint, where it becomes equal 
to the stress of side 2. The stress on side 2 increases from 
zero at the weld to 12,600 psi at a point 3 in. from the 
joint. 


Joint No. 2 (Fig. 2) 


This joint consisted of two tubes bonded to opposite 
sides of a third tube by fillet plates. The tubes were not 
directly welded to each other. Therefore, all the stress 
was transmitted through the fillet plates. The vertical 
tubes were 2-in. outside diameter with a wall thickness 
of 0.148 in. The horizontal tubes were 3-in. outside 
diameter with a wall thickness of 0.165 in. All of the 
welds were 2'/, in. long. This specimen was tested with 
the vertical tubes in tension. 

Readings were taken to determine the yield point of 
the horizontal tube which was found to be at 13,000 lb. 
The test showed the stresses in the vertical welds next 
to the horizontal tube were only one-third to one-half 
the value of the stresses in the weld at a distance of 2'/, 
in. from the horizontal tube. There was a stress con- 
centration factor of 1.4 in the vertical tube next to the 
weld and 2'/, in. from the horizontal tube. In the final 
test the first yield point was at the end of the welds 2'/. 
in. from the horizontal tube. This occurred at a load of 
12,000 Ib. There was apparent redistribution of stress 
in the vertical tube after the yield point in the horizontal 
tube. The yield point in the vertical tube occurred at 
17,000 Ib. which was considerably below the value of 
29,500 Ib. obtained in the 2-ft. test specimen. The 
breaking load was 35,800. The welds tore out of the 
metal of the horizontal tube. 
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WELDED TUBE CONNECTIONS 


Joint No. 3 


This joint was of the same type as Joint No. 1. The 
vertical tubes were 1-in. outside diameter 12-gage welded 
steel tube with a wall thickness of 0.109 in. The hori- 
zontal tube was a 2-in. outside diameter welded steel 
tube with a wall thickness of 0.120 in. Test results were 
comparable in character to those obtained with Joint No. 
1. The stress became evenly distributed about 1 in. 
from the joint and the stress concentration factor on 
side 1 was 1.5. On side 2 the stress at the weld was about 
9000 psi, as compared to zero for Joint No. 1. In the 
final test this joint did not fail. The vertical tube failed 
at a point 17 in. from the joint under a load of 14,000 Ib. 
The horizontal tube was not as badly distorted as it was 
in Joint No. 1. 


Joint No. 4 


This joint was of the same type as Joint No. 1. The 
vertical tubes were 2-in. outside diameter welded steel 
tubes with a wall thickness of 0.148 in. The horizontal 
tube was 4-in. outside diameter welded steel tube with 
a wall thickness of */;.5inch. The specimen was set in the 
testing machine the same as for Joint No. 1 and the 
Berry Gage was used to determine the yield point of the 
horizontal tube. For a load of 10,000 Ib. there was no 
permanent set. The strain readings were all taken for 
loads of 10,000 Ib. and below, the increment being 1000 
Ib. 

This is the only joint for which readings were taken on 
the horizontal tube. Readings were taken on four lines 
0°, 90°, 180° and 270°, respectively, from the top of the 
horizontal tube, with the extensometets set both parallel 
and perpendicular to the horizontal axis. 

There was no abrupt change in the stress in the verti- 
cal tube at the yield load of the horizontal tube. The 
stress on side | of the vertical tube did not drop off at the 
yield point of the horizontal tube as it did in Joints Nos. 
1 and 5. In the final test, failure was in the horizontal 
tube next to the weld at a breaking load of 41,000 Ib. 
Again the distortion in the horizontal tube was not as 
great as it was in Joint No. 1. The observation showed 
that the stress on the top and bottom of the horizontal 
tube is tension for about 3'/2 in. each side of the center 
line of the joint, with the gages both parallel and per- 
pendicular to the horizontal axis. On the sides of the 
horizontal tube the stresses are of compression for 3'/» 
in. each side of the center line of the joint. At this point 
there is an inflection zone completely around the peri- 
phery of the tube for the stresses parallel to the horizon- 
tal axis. These stresses reverse themselves at this point. 
For stress perpendicular to the horizontal axis the inflec- 
tion point is about 10 in. from the center line of the joint. 
The stress on side 2, the side connected to the top of the 
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horizontal tube, was 8800 psi. in compression. It took 3 
in. for the stress to become evenly distributed. 


Joint No. 5 (Fig. 3) 


This joint was made of the same size tube as Joint No. 
1 but the horizontal tube was shaped at the joint by de- 
creasing its horizontal diameter in order to give it approx- 
imately the shape of Joint No. 1 at failure. The hori- 
zontal diameter was reduced to 2.33 in. at the center 
line of the joint. 

The yield point in the horizontal tube was 17,000 Ib. 
There was a decrease in the stress on side 2. The joint 
had not failed at a load of 40,800 lb. At this load the 
elongation of the specimen was 6 in., which is the full 
movement of the machine. It was noted that the yield 
point in this type of joint showed an increase of 3000 Ib. 
or 21.4% over the yield point of Joint No. 1. The joint 
was stiffer than Joint No. 1, but the stress concentration 


of the vertical tube on side 1 was increased from 2.0 to 
2.94 


Joint No. 6 


This joint was made by flattening the ends of two 2-in. 
tubes and then fitting them to each side of a 3-in. tube 
(Fig. 3). The flattened part of the tube was set 90° to 
the horizontal axis. Because of the slope of the joint 
it was possible to put the extensometers in only one loca- 
tion. This location was next to the weld on each end 
of the flattened part of the vertical tube. 

The vertical tubes yielded at 9000 Ib. which is only 
one-third of the yield point as determined for uniform 
stress. The joint failed at 23,500 lb. by tearing all the 
weld out of the horizontal tube. This type of joint is 
obviously inefficient for large diameter ratios, but the 
ease with which it can be fabricated warrants further 
investigation for smaller diameter ratios. 

Joint No.7 

This joint was of the same type as Joint No. 1. The 
vertical tubes were 2-in. outside diameter welded steel 
tube with wall thickness 0.148 in. The horizontal tube 
was 5-in. outside diameter welded steel tube with wall 
thickness 0.165-in. 

In the final test the yield point in the horizontal tube 
was indicated at 7000 lb. At this load there was a slight 
change in the rate of increase of the stress in the vertical 
tube. The joint failed at 23,500 lb. by tearing all the 
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weld out of the 5-in. tube. The stress concentration fac. 
tor on side 1 of the vertical tube was 2.47. 


Conclusions 


1. In the joints tested for stresses below the yield 
point, stress concentrations of two or more occurred at 
the weld. 

2. The line loading of the joints as exemplified in 
Joints Nos. 2 and 6 is an undesirable condition. These 
joints appear to build up very high stress concentrations 
and they do not add to the stiffness of the horizontal 
tubes. 

3. For joints of the type of Joint No. 1, the stress 
distribution on the vertical tube tends to equalize a short 
distance from the tube for loadings below the yield point. 
The distance from the joint at which the stress becomes 
evenly distributed appears to depend on the diameter of 
the vertical tube. 

4. Tension loading sets up compression stresses along 
the axis of the horizontal tube. These finally reach a 
point where they reverse direction and become tension 
stresses. 

5. The ratios of the diameters of the tubes connected 
influence the distribution of stress around the joint. 
However, this influence is not so great as was expected 
and the investigation was not extensive enough to de- 
velop any apparent reason for the change in stress dis- 
tribution. 

6. The stress concentration factor is definitely in- 
fluenced by the ratio of diameter to wall thickness in the 
horizontal tube. 

7. Placing the vertical tubes in tension puts con- 
siderable stresses in the horizontal tube. These stresses 
are highest at the center line of the joint and decrease 
rapidly in the first 3 or 4 in. from this center line. 
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A Study of the Effect of Core Wire 


Temper on the Quality 


of Welds in 


Nickel, Monel and Inconel’ 


By F. G. Flocket and K. M. Spicer’ 


Abstract 


HE object of this research has been to determine 

the effect of variations in the temper of core wire 

of welding electrodes on the electrode arcing 
characteristics and on the mechanical properties of 
nickel, Monel and Inconel welds. 

A single melt of each of three materials—nickel, 
Monel and Inconel—was produced in four tempers of 
‘/s-in. core wire: (a) soft, (b) 15 per cent cold reduction, 
(c) 30 per cent cold reduction and (d) “‘as drawn.” All 
wires of each material were covered with the standard 
extruded flux coating for that material, dried and ground 
for 18-in. end grip electrodes. 

Test plates of each material, the same as used for 
U. S. Navy Qualification tests, were prepared for each 
of the four wire temper electrodes. Weld quality was 
examined by tensile and bend tests and micro-examina- 
tion. 

The electrode wire temper had no effect on the me- 
chanical properties of welded joints, and no important ef- 
fect on the arcing characteristics of the electrode. 


Introduction 


The question of the effect of core wire temper on 
both arcing characteristics and weld quality has been 
advanced frequently by electrode users. The object of 
this paper, prepared under the direction of Committee 
VII, Nickel Alloys, Industrial Research Division of the 
Welding Research Committee of the Engineering 
Foundation, is to present the results of research to de- 
termine the effect of the temper of core wire of welding 
electrodes on the mechanical properties of nickel, Monel 
and Inconel welds. The work has been confined to 
electric arc welding. 

Presumably the only way in which the core wire 
temper could affect weld quality would be through in- 
fluencing the arcing characteristics of the electrode. 
While variations in core wire temper would be accom- 
panied by slight differences in electrical resistivity, such 


,,” Presented at the Annual Meeting, A. W. S., Philadelphia, Pa., Oct. 20 to 
24, 1941. Contribution to the Industrial Research Division, Welding Re- 
search Committee. 

_t Development and Research Division, The International Nickel Co., Inc., 
New York, N. Y. 
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Fig. 1—Test Plate Used for All Welds 


changes would not be expected to alter electrode work- 
ability sufficiently to be reflected in lowered weld quality. 
It seemed, nevertheless, desirable to obtain specific data 
to ascertain whether or not core wire temper is an im- 
portant factor 


Procedure and Test Results 


Electrode 


A 5/39-in. diameter electrode was selected because of 
its all-around usefulness. The four tempers employed 
for this test were soft, 15 per cent and 30 per cent cold 
reduction and “as drawn.’’ Since it is necessary to 
maintain extremely close tolerances on concentricity 
of flux coating (+0.003 in.), a precision-straightened 
wire is needed and, to maintain the straightness accuracy 
required, a 15 per cent cold reduction wire is needed. 
Therefore, this choice for commercial electrode manu- 
facture is entirely a practical one. 

The chemical composition of the three electrode mate- 
rials used in this test is given in Table 1, and the mechani- 


Table 1—Chemical Composition of Core Wire 
Heat No. Fe Ss Si 


Y-1289 1.19 0.005 0.39 
M-5663-J 0.39 0.005 0.23 
NX-3530 5.77 0.010 0.22 


Material 
Nickel 
Monel 
Inconel 
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Table 2—Mechanical Properties of Tempers of Core Wire 


Breaking Elongation 


Strength, in 2 In., Reduction of 


Material Temper Psi. Per Cent Area, Per Cent 
Nickel Soft 80,450 43.0 79.3 
15 per cent 85,000 30.0 80.1 
30 per cent 104,000 9.0 74.1 
As drawn 128,450 7.5 68.8 
Monel Soft 92,900 37.5 73.0 
15 per cent 105,900 18.0 68.0 
30 per cent 128,450 6.0 65.8 
As drawn 131,300 5.0 60.5 
Inconel Soft 93,000 38.0 74.1 
15 per cent 110,500 20.0 69.7 
30 per cent 134,000 7.5 68.0 
As drawn 158,500 6.0 55.2 


cal properties of the core wire in various tempers are to 
be found in Table 2. 

The four tempers of each material were coated in the 
same batch of flux designed for that material, then sub- 
jected to the normal drying cycle. Since the original 
program called for automatic welding, the 18-in. rods 
were ground for end grip, although commercial elec- 
trodes were made as 18-in. center grip at that time. 


Joint 


For convenience and because it represents a sound de- 
sign, the test plate specified in the U. S. Navy Depart- 
ment specification for electrode and welder qualifications, 
and shown as Fig. 1, was used for all joints welded and 
tested. It was not possible to use the same melt of 
material for plate an@ welding rod because additional 
deoxidants are required in the welding rod core wire 


Monel Nickel Inconel 


Fig. 2—Macrostructure of Welds Made with Electrode Having a 
15% Reduction Core Wire. (1.75 X) 


Material Melt No. Cc Mn Fe 
Nickel N-6876 0.07 0.27 0.12 
Monel M-5494 0.14 1.05 0.86 
Inconel NX-3570 0.06 0.21 6.14 


Table 3—Chemical Analyses of Plate Material 


for the remelting during welding. The chemical com. 
position of the '/,-in. test plates and the '/;-in. backing 
plates of each material are given in Table 3, while me. 
chanical properties of the plate are to be found in Table 4. 
Test plates of '/,-in.-thick metal beveled for a 75° in- 
cluded angle, with a '/s-in. backing strip were prepared 
for each of the four electrode tempers. 


Welding 


It was planned originally to use automatic electric 
welding heads to eliminate the personal equation, but 
results obtained with two automatic heads were unsatis- 


Table 4—Mechanical Properties of Plate Material 


Breaking Elongation 
Yield Point, Strength, in 2 In., 
Material Psi. Psi Per Cent 
Nickel 32,500 69,000 45 
Monel 41,100 80,700 44 
Inconel 40,200 87,500 50 
Table 5—Welding Conditions 
Voltage Across 
Material the Arc Amperes 
Nickel 24-25 160-180 
Monel 24-26 110-115 


Inconel 25-26 95-105 


factory. With the first head, largely because an oscillat- 
ing attachment was lacking, it was necessary to deposit 
five to six passes automatically to*complete a joint in 
1/,-in. plate, whereas normally two passes are the maxi- 
mum required for manual welding. Because these non- 
ferrous electrodes were designed for all-purpose manual 
work, the weld metal does not flow too freely, nor does 
it spread readily, hence the manual electrodes did not 
lend themselves to automatic head use. Some welds 
made with this head were included in the program and 
were found to possess satisfactory properties. Their 
only shortcoming was the many passes required to com- 
plete the weld. 

The second automatic head had an oscillating mecha- 
nism which operated nicely to close limits. However, 
practical difficulties were encountered in the form of a 
slow retracting relay, which caused freezing of the elec- 
trode in the initial attempt to establish an arc. This 
defect was common to the equipment in question. 

Resort was made to manual welding, and consistent 
results were obtained. Operating conditions during 
welding are recorded in Table 5. 

Welding conditions were set for the 15 per cent re- 
duction core wire electrodes, and these welded first since 
they represented known conditions. As other tempers 
of wire were used, very slight or no modifications in weld- 
ing amperage or arc voltage were required. 

The arcing characteristics of the soft, 15 per cent and 
30 per cent cold reduction core wire electrodes of each 
material were unchanged, but a very slight increase in 


Ss Si Cu Ni Cr 
0.005 0.03 0.03 99.45 
0.005 0.05 30.69 67.17 a 
0.011 0.21 0.12 80.59 12.64 
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Tensile Strength of Joints 


Long Gage Short Gage 
Wire Elongation Elongation 

Temper Across Across Jig Bend 

(Per Cent Breaking Weld Breaking Weld Tests of 

Cold Re- Strength, (Per Cent Strength, (Per Cent Joints 
Metal duction) Psi. in 2 In.) Notes on Fracture Psi in 2 In.) Notes on Fracture Face Root 
Nickel Soft 71,100 40 In plate, 1'/,in. from weld 73,000 43 In plate, */,in. from weld OK OK 

15% 71,100 41 In plate, 1'/,in. from weld 72,800 42 In plate, */; in. from weld : OK 

30% 71,100 40 In plate, 1'/.in. from weld 72,700 41 In plate, */,;in.from weld OK OK 

As drawn 71,500 44 In plate, 1'/; in. from weld 73,200 46 In plate, */sin. from weld OK OK 
Monel Soft 81,000 41 In plate, 1 in. from weld 82,700 45 In weld, near boundary OK OK 

15% 81,200 43 In plate, 1 in. from weld 82,400 48 In weld, near boundary OK OK 

30% 80,700 42 In plate, 1 in. from weld 82,300 48 Partly in weld, partly in 

plate OK OK 

Asdrawn 81,100 43 In plate, 1 in. from weld 83,500 42 In plate, near weld OK OK 
Inconel Soft 87,700 36 In plate, 1'/, in. from weld 90,500 30 In weld, near boundary OK OK 

15% 88,300 39 In plate, 1'/, in. from weld 80,200 24 In weld, some blow-holes OK Fair 

30% 81,300 26 In weld, through gas hole —88,500 30 In plate, */,in.from weld * OK 

As drawn 85,150 40 In plate, 1'/. in. from weld 84,800 28 In weld, some blow-holes ° OK 


* Some pores apparent on surface before test. 


drop frequency was observed in the electrode made with 
soft wire. Whether this condition prevailed entirely 
because of the temper or by some other factor is difficult 
to establish in view of the use of manual welding. 


Machining of Specimens 


Each of the welded butt joints, '/, x 10 x 10 in. was 
sectioned into desired test coupons and marked to permit 
the identification of the specimens with respect to the 
start of weld, as follows: 


Approximate 
Specimen Width of Coupon, 
No. In, Purpose 
1 1 Discard, at start of weld 
2 1'/, Long-gage tensile 
3 1'/, Short-gage tensile 
4 Macrospecimen and microspecimen 
5 1'/, Bend specimen 
6 1'/, Bend specimen 
7 1'/, Discard, at end of weld 


The tensile test coupons were machined into standard 
long- and short-gage tensile test specimens, | in. wide in 


Fig. 3—Microstructure (100 X) of Welds in Fig. 2. 


No cracks after testing but pores opened up. 


Nickel 
The Weld Structure Is in the Lower Half of Each Cross Section 


WELDING NICKEL, MONEL AND INCONEL 


The bend 
and about 


the reduced section and about 0.23 in. thick. 
specimens were approximately 1'/, in. wide 
0.23 in. thick. 

In machining, the back-up strip was removed by 
milling, the excess weld metal of the surface bead dressed 
flush to the plate, and a light over-all cut taken on both 
surfaces. The weld cross section and the plate cross sec- 
tion were therefore identical. 


Testing Procedure 


In the tensile tests, a speed of 0.067 in. per min. was 
used up to about 40,000 to 45,000 psi., and a speed of 
0.20 in. per min. thereafter till fracture. Elongation 
measurements were taken so as to include both the weld 
and the fracture. 

The bend tests were carried out in the usual way, using 
the Navy jig, the radius of bend being */, in. 


Results of Mechanical Tests 


The results of the long and short gage tensile tests 
and the bend tests are tabulated in Table 6. Briefly, 
the tests indicate that the mechanical properties of the 
welded joints were not affected by the temper of the 
nickel, Monel or Inconel core wire. 
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Table 6—Mechanical Properties of Welded Joints 
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Macro and Micro-examination 


of these welds at 100 magnification. 


Figure 2 shows the macrostructure of the nickel, Monel 
and Inconel welds made with 15 per cent cold reduction 
core wire electrode while Fig. 3 shows the microstructure 


Conclusions 


1. The temper of the electrode wire had no discern; 
ble effect on the mechanical properties of nickel, Mone! 
or Inconel electric arc welds. 

2. The temper of the electrode wire had no important 


effect on the arcing characteristics of the electrode. 


ABSTRACT 


A bend test for comparing the welding quality of steels is de- 
scribed in this paper. Specimens of fillet-welded T-sections of a 
number of low-alloy high-tensile steels were bent in special testing 
jigs at room temperature and at temperatures as low as —20° F. 
Several criteria, such as maximum load, angle at maximum load, 
type and location of fractures, were used to compare the specimens. 
A special method of statistical analysis, which is described in 
detail in the paper, was used to evaluate the data and to compare 
and rate the welding quality of the steels. 
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I. Introduction 


in the use of welded in place of riveted construction, 

particularly for the fabrication of ships. This 
change involved more than a simple substitution of one 
method for another. The design for riveted construc- 
tion is not necessarily equally as suitable for welding, 
and the most effective use of material in welded con- 
struction is obtained only when the requirements for 
this method are well understood and provided for in 
the design. 


[ RECENT years there has been a marked increase 


* Presented at the Annual Meeting, A. W. S., Philadelphia, Pa., Oct. 20 to 
24, 1941. Contribution to Welding Research Committee. Published in 
complete form in the Journal of Research, National Bureau of Standards, 28 
(January 1942). 

t Division of Metallurgy, National Bureau of Standards, Washington, D. C. 

t Bureau of Ships, Navy Department, Washington D. C. 


The Tee-Bend Test to Compare the 
Welding Quality of Steels 


By George A. Ellinger,' A. G. Bissell‘ and Morgan L. Williams’ 


132-s 


Furthermore, all steels or other constructional metals 
are not equally well adapted to joining by welding. 
There is no ‘‘best”’ steel for welding nor a “‘best’’ welding 
method or technique, but a best combination of these 
interrelated factors can be determined for any metal 
that is weldable. In selecting the metal best adapted 
to the strength requirements of the design and utility 
of a structure to be assembled by welding, the welding 
quality of the metal, within the limitations imposed by 
the practicability of the welding method, is of prime 
importance. 

With the proper attention to the design and the weld- 
ing technique, little difficulty need be encountered in 
the welding of medium steel by fusion processes. 

In 1933, the Bureau of Construcfion and Repair (now 
a part of the Bureau of Ships) of the Navy Department 
and the National Bureau of Standards started a co- 
operative investigation of the welding quality of steels 
considered suitable for naval construction. Particular 
attention was to be given to “high-tensile’’ low-alloy 
steels, of which numerous varieties and types have since 
been announced by manufacturers.’ * *** <A further 
requirement was that strong ductile joints should be 
obtained by the electric-arc welding process with low- 
carbon steel, Navy Grade EA electrodes, and without 
preheating or postheating. 

The strength properties of welded joints can readily 
be determined by well-established methods. The rela- 
tionships between “ductility” in a welded joint and the 
welding quality of the steel were not clearly defined, 
and methods for making the mechanical tests of a speci- 
men from a welded joint to evaluate ductility were not 
well established. It was considered, however, that 
some form of bend test would be the most nearly suitable 
for this purpose. 

It is generally agreed that ability to bend in the plastic- 
deformation range is evidence of ductility in a metal, 
whether in a weld or in an otherwise fabricated form. 
The full ductility of a metal may not be realized in a 
bend test of a specimen because of local stress conditions 
peculiar to the geometrical shape of the specimen. Free 
bends and guided bends in jigs have been used widely 
for face, root or side bends of butt-welded joints. Often 
the faces of the welds are machined for these types of 
test. 

For the purpose of this investigation, it was decided 
that the most informative results would be obtained from 
a guided bend test, in a jig, of a double-fillet T-welded 
specimen, without removing any metal from the face 
of the welds. Justification for this decision was had in 
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Table 1—Chemical Compositions of the Steels* 


Steel Percentage of— 
le Mo| P| | gi | Ni | Ce | v | Mo! ca 
ig] O14] O46 0.23 
.2%] .66| .014] .030 
| .019] .080 £16 
. | .70| .017] .032 .19 
§ | [20] .70| .017]| .19 
| 14 | -61| .O11 | .035 
.18] .99] .017] .030 
| 1.25] .081| .027 
17| .021| .12 
if | .012] .16 1. 06 
“ .014] .019] 117 1.00 
10} .38) .015! .010/ .16 1.01 
0.11 | 0.57 | 0.015 | 0.023} 0.15 1. 08 
48 -75 | .007| .024 1.63 
-08| .101} .020] .06 1.76 
-10| .66] .126] .023| .16 1.00 
09 56 .112 . 023 -17 1.04 
.98| .015] .026| .05| .10 -10 
-15| .015) .028| .10 .10 
-14| .45] .083] .013] .03] 2.82) 
{ 6 -09) .62] .012] .02@| 1.37 108 
Zr 
b -13| .027| .023 | 0.19 
-12} .70} .019] .023 .13 .20 


* The chemical analyses were made at the Material Laboratory, Naval Gun Factory, Washington, D. C. 
» Plates as rolled 


the fact that this type of joint is one of the most widely 
used in ship-hull construction, and furthermore, the 
ability of the specimen to withstand bending distortion 
in the welded areas, without rupture, is an indication 
that such a joint can absorb a proportionate share of the 
distortion of the structure as a whole. 

Ability to withstand severe distortions without pre- 
mature or brittle-type ruptures, particularly in the 
joints, is a highly desirable, in fact a necessary, feature 
in ship-hull structures. It is not to be expected, how- 
ever, that the maximum angle of bend, or any other 
numerical value obtained from a bend test on a welded 
joint, is a direct measure of the amount of distortion 
the joint can withstand in the assembled structure. 
These values were used in this investigation as a means 
of comparison, on a common basis, of the welding 
qualities of a number of structural steels, as shown by 
certain properties related to the service requirements of 
the welds. 

This paper describes the steels and the preparation of 
the welded specimens, and the procedure for making the 
bend tests, and describes and discusses the methods 
for evaluating the welding quality of the steels from 
the results of the bend tests and other metallurgical and 
mechanical properties of the welds and of the steels 
themselves. 
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Il. Materials 


The steels to be tested included several medium- and 
low-alloy “‘high-tensile’’ steels available at that time. 
The following tensile properties were desired for the 
steels: 


50,000 Ib. /in.* 
70,000 Ib. /in.* 
20 % 


Yield point, minimum 
Tensile strength, minimum 
Elongation in 8 in., minimum 


Each steel was to be secured in three thicknesses of 
plates, '/,, 1/2 and */, in., and was to be welded in the 
as-rolled condition and after normalizing at 1650° F. 
for 1 hr. It was also desired that all of the plates of 
each steel should be rolled from the same heat. 

The chemical compositions of the steels are given 
in Table 1. 

The different thicknesses of steels 141, 144, 145, 148, 
149, 150 and 201 were definitely rolled from different 
heats. The different thicknesses of the remaining 
steels were probably rolled from single heats. 

The tensile properties of the steels are given in Table 2. 

In the as-rolled condition, steels 139, 143, 144, 147, 
149, 150, 161 and 201 complied with all of the tensile 
property requirements, and in the normalized condition, 
only steels 147, 148, 149 and 201 met these requirements. 

The entire schedule of bend tests was not completed 


Table 2—Tensile Properties of the Steels* 


Yield point > Tensile strength Elongation (8 tn.) 
Steel Thick- 
Normal- Normal- Normal- 
As rolled ized As rolled ized As rolled ized 
in. lb/in2 Percent | Percent 
41,700| 37,600} 62,400} 59,900 32.5 “1 
138 40,800} 36,100} 61,100} 57,900 
37,700 | 42,600} 61,300) 60,300 33. 37.0 
62,800] 46,800| 73,600| 66,600 28. 25.0 
52,800} 46,600| 73,700 7, 800 2. 324 
44,800} 45,400| 72,100} 67,200 35. 90.5 
52, 200 43, 400 78, 800 74, 400 2. 46.2 
140 47,500 | 41,400| 73,700| 70,400 26. 30.3 
47,700} 42,600} 74,900| 71,400 |.......... 42.5 
46,800} 37,900| 65,900/ 60,100 27.8 27.8 
51,500 | 48,100| 73,000 800 25.0 26.8 
| 46,800] 46,400} 73,600) 70, 100 2.4 2.3 
65,700] 45,200] 80,200) 62,700 18.5 2.1 
143 61,800 | 45,800} 79,000| 63,600 2.9 
58,300} 47,300] 76,600| 65,000 22.6 28.5 
4,200] 49,000 | 85,900} 71, 100 22.3 26.0 
4 64, 000 82,700 | 22.0 
%| 60,100 84, 400 23.6 
35,200} 81,000] 60,000 15.3 7.7 
45 43,500 | 40,200] 65,600| 66,400 25.8 23.8 
50,900} 44,000] 79,700/ 75,000 24.2 4.6 
50,000] 57,700! 71,100] 68,500 27.7 2.3 
146... «53, 300 55, 900 68, 300 | 7, 700 26.6 
49,200] 50,400] 67,000| 66,100 27.4 23.5 
\%| 59,900| 60,200] 75,300| 73,600 26.5 | 2.2 
“7 53,900} 58,400] 72,900) 72,500 | 25.6 | 27.0 
%| 49,700| 57,600) 71,600| 72,300 | %6 5 
59, 900 81,400} 80,500} 20.4) 20.8 
M48 57,800} 53,800} 81,000) 77, 200 | 18. 1 21.3 
54,500} 61, 900 | $2,700 | 79,600 | 4.3 19.1 
if 59, 700 58,600} 69,700 | 73, 200 26.2 27.7 
149 88,300] 57,000) 72,000| 71, 100 25.0 22.6 
54,700] 53, 300 | 70, 300 | 60, 600 2.3 2.6 
62,600 | 51,400} 75,100} 69,000 24.0 “48 
150 «1, 100 47,7 71,200 | 68,900 26.5 77.4 
47,300) 48,200) 72,400/ 71, 500 27.1 2.2 
| 75, 7,800} 90,000} 62,300 19.6 2.3 
157 61,700} 47,000} 81,800! 64,100 19.4 a3 
| 46,600 | 80,000 65, 200 21.3 | 5 
55, 500 72, 400 | 25.6 | 
161 71, 000 | 25.9 | 
| 62, 600 70, 200 2.9 
\ 74,700] 63,600) 86,300 68,400 | 
60,900} 41,800| 78,600) 53,900 
166 «80, 800 68, 600 | 
70,400 | 68, 200 
168 000 | "48,000 | 73,000) 66, 100 | 
65, 400 77,800 | 76,200 
201 51,200) 54,300! 78100) 78,500 
. made at the Physical Laboratory, Model Basin, Washington, D 
» Yield point was determined by “drop of the beam” of the testing machine. 
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Fig. 1—Non-Metallic 16-In. Plates. Unetched. 
x 
(A) 141. Manganese-silicon steel. 
(B) 144. Manganese-vanadium steel. 
(C) 145. Manganese-molybdenum steel. 
(D) 146. Copper-nickel steel. 
(E) 147. Copper-nickel steel. 
(F) 148. Copper-nickel-molybdenum steel. 
(G) 149. Copper-nickel-phosphorus steel. 
(H) 150. 2'/2% nickel steel. 


on all of the steels. The results of detailed studies of 
the non-metallic inclusions, vacuum-fusion and residue 
analyses, and microstructural features are presented on 
eight steels only, 141, 144, 145, 146, 147, 148, 149 and 
150. Five of these steels were carried through the entire 
bend-test schedule. The bend-test schedule was com- 
pleted also on one plain carbon steel, 139. 

Typical microstructures in the unetched condition, 
showing non-metallic inclusions are shown in Fig. 1. 
The inclusions were of the following types. 


Steel No. Types of Inclusions 


141 Some Al,Os, silicates, sulphides. No complex 
inclusions 

144 Few silicates, numerous sulphides, simple 
and complex 

145 Few silicates, dark complex oxides, large 
complex inclusions with acicular structures 

146 Few sulphides, complex oxides 

147 Few sulphides, complex oxides, very few 
silicates 

145 Many Al,O, inclusions, complex oxides, 
silicates, sulphides 

49 Few complex oxides, sulphides 
150 Complex inclusions, few silicates 


Steels 141, 144, 145 and 148 were very dirty, while 
steels 146, 147, 149 and 150 were clean. 

The amounts of oxygen, nitrogen and hydrogen in 
these steels were determined by vacuum-fusion analyses 
of samples from the '/:-in. plates. The results are 
given in Table 3. 
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Table 3—Results of Vacuum Fusion Analyses 


Steel Oxygen | Nitrogen Hydrogen | Steel Oxygen Nitrogen 
Percent | Percent Percent Percent | Percent 

Steels 145 and 148 were very high in oxygen, and there 
was more oxygen in steels 150 and 141 than is usually 
found in clean steels. It will be noted by comparing 
these results with the microstructures that oxygen was 
highest in the dirty steels, 141, 145 and 148. Steel 
144 also contained numerous inclusions, but these were 
largely sulphides. Most of the inclusions in steel 148 
were Al,O;, and most of those in 145 were complex oxides, 
probably mixtures of FeO-MnO. There were some 
Al,O; and other oxides and silicates in steel 141. 

Residue analyses for AlO; were made on the steels 
having the highest oxygen contents. Results of these 
analyses are given in Table 4. 

Table 4—Results of Residue Analyses 

Steel | (residue) 

| Percent Percent Percent 
} 0. 021 0.010 | om, 
| 033 | 


The results of these analyses confirm the microscopic 
study of the inclusions, in that most of the oxygen in 
steels 141 and 148 was present as Al,O; while that in 
steel 145 was in the form of other, oxides, probably 
FeO-Mn0O. 

Typical microstructures of the '/2-in. plate metals, 
as-rolled and after normalizing at 1650° F. for 1 hr., 
are shown in Figs. 2 and 3. In the as-rolled condition, 
steels 141, 144, 146, 147 and 150 contained some banded 
structure. After normalizing, some banding was found 
in steels 141, 146, 147 and 150, indicating that chemical 
segregation was responsible for the banded structure in 
these steels. However, the banding found in steel 144 
had largely disappeared after normalizing, indicating 
that this steel had been finished “‘cold’’ in rolling. 

While microstructures from '/2-in. plates only are 
shown in this report, specimens from the '/,- and */,-in. 
plates were also examined. In general, in the as-rolled 
condition, the thinner plates had smaller ferrite grain 
sizes than the thicker plates, due to the additional 
working which they received in rolling. After normaliz- 
ing, the grain sizes for the different thicknesses of plates 
were more nearly uniform. 

The austenitic grain size and grain-coarsening tem- 
perature were determined for some of the steels by a 
gradient-quenching method proposed by Vilella and 
Bain. Most austenitic grain size studies have been 
made on specimens carburized at some selected tem- 
perature (usually 1700° F.) for 8 hr. or more. There 
have been objections to this procedure due to the high 
temperature, the long time of heating required, and to 
the possible introduction of impurities or foreign ma- 
terial, which might have a significant effect on the grain 
size of a steel. In the gradient-quenching method 
about '/, in. of the length of the specimen (1'/2 in. long 
by '/, in. wide by the full plate thickness) was quenched 
from a desired temperature into a brine solution. The 
remainder of the length was allowed to cool in air above 
the brine. 

The quenched end was composed of martensite and 
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Fig. 2—Typical Microstructures. 1'5-In. Plates. Etchant: 
1% Nital. x 50 
(A) 141. Manganese-silicon steel. As rolled. 
(B) 141. Manganese-silicon steel. Normalized. 
(C) 144. Manganese-vanadium steel. As rolled. 
(D) 144. Manganese-vanadium steel. Normalized. 
(E) 145. Manganese-molybdenum steel. As rolled. 
(F) 145. Manganese-molybdenum steel. Normalized. 
(G) 146. Copper-nickel steel. As rolled. 
(H) 146. Copper-nickel steel. Normalized. 


the air-cooled end of pearlite. At some point in the 
quenched end of the specimen, the critical cooling rate 
for the steel was exceeded and fine pearlite was formed 
around the austenitic grains, outlining them with black 
envelopes. In the air-cooled end, the grains were out- 
lined by proeutectoid ferrite. This method was con- 
sidered to be much faster than the carburizing method 
and did not introduce unknown variables into the steel. 

Specimens of all plate thicknesses and in both the 
as-rolled and the normalized conditions were heated to 
temperatures ranging from 1300 to 2400° F., held 10 
min.; and gradient-quenched. There was no difference 
in grain size at any given temperature in the as-rolled 
and the normalized plates. Normalizing, therefore, 
apparently did not affect the grain size or the grain- 
growth temperature. 

Austenitic grain sizes of the '/:-in. plates of some of 
the steels at various temperatures above the critical 
ranges of the steels are given in Table 5. The grain- 


Table 5—Austenitic Grain Size Numbers of Steels at Various 


Temperatures 
Temperature, °F. Temperature, °F 
Steel Steel 
1,600} 1,700 1,800 1,900 1,600 | 1,700 1,800 | 1,900 
| 
6 5 8 8 7,8 | *3and7 
7 7 8 8 2 
5 2 6 5 4 3 
7 7 7 7 7 
| 7 | *Sand7 | *3and7 | *2and7 
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Fig. 3—Typical Microstructures. '5-Inch Plates. Etchant: 
% Nital. x 50 
(A) 147. Copper-nickel steel. As rolled. 
(B) 147. Copper-nickel steel. Normalized. 
(C) 148. Copper-nickel-molybdenum steel. As rolled. 
(D) 148. Copper-nickel-molybdenum steel. Normalized. 
(E) 149. Copper-nickel-phosphorus steel. As rolled. 
(F) 149. Copper-nickel-phosphorus steel. Normalized. 


(G) 150. 2'/:% nickel steel. As rolled. 


(H) 150. 2'/:% nickel steel. Normalized. 
Table 6—Grain-Size Numbers at 1,700° F. 
gradient- Bteel gradient 
carburizing quenching quenching 
2 || 148... 
7 7 || 147... 
2 5 148. 
7 7 || 149 
7 8 || 180... 
3 


size designations are in accordance with those of the 
American Society for Testing Materials Specification 
E19 — 39T. 

Three steels, 139, 141 and 149, resisted grain growth 
up to 1900° F. and had fine grains at this temperature. 
In steels 146 and 147 there was grain growth at 1900” F., 
in steels 138 and 144, at 1800° F., while in steels 140, 
145, 148 and 150 the grain size apparently started to 
increase at the top of the transformation range and con- 
tinued increasing to the highest temperature. Steel 145 
was not completely austenitic at 1600° F.; some pro- 
eutectoid ferrite still existed at this temperature. Steels 
144, 146 and 150 had mixed grain sizes, that is, while 
some grains showed growth at higher temperatures, 
some of the small grains did persist at those temperatures. 

In general, the steels which had the highest coarsening 
temperature were those which did not contain appre 
ciable amounts of carbide-forming elements. Those 
steels which coarsened at low temperatures, for the most 
part, did contain carbide-forming materials, particularly 
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Fig. 4—Plate Layout and Location of Test Specimens 


molybdenum. Three low-alloy steels, all of which 
contained molybdenum, and one plain carbon steel, 
started to coarsen at the top of the critical range. One 
other molybdenum-containing steel did not coarsen 
at 1900° F. 

All of the steels which coarsened at low temperatures 
contained more than normal amounts of oxygen. Two 
of these steels, 145 and 148, contained abnormally high 
oxygen. 

Most of the steels which coarsened at the highest 
temperatures contained copper and nickel in appreciable 
quantities. Two steels, 141 and 139, contained only 
small amounts of these elements. 

McQuaid-Ehn grain-size tests were made in accordance 
with American Society for Testing Materials Specifica- 
tion E19-39T. Specimens were packed in solid car- 
burizer and heated at 1700° F. for 16 hr., then cooled in 
the furnace to 900° F. to permit the rejection of ce- 
mentite to the grain boundaries in the hypereutectoid 
zone. 

Grain size numbers for the '/2-in. plates are given in 
Table 6. These include both the numbers after gradient- 
quenching and after carburizing for 16 hr. at 1700° F. 

There was considerable difference in grain size after 
the two treatments. Those steels which after gradient- 
quenching had a small grain size generally had the same 
approximate size in the carburizing test. However, 
steels which had an intermediate size after quenching 
had larger size grains in the McQuaid-Ehn test. This 
is due most likely to the length of time at a given tem- 
perature and possibly to the introduction of carbon into 
the material during the test, thus changing some of the 
properties of the material. 

In the '/2-in. plates, steels 138, 140, 145, 148 and 150 
had normal structures, steels 139 and 149, slightly ab- 
normal, steels 141, 146 and 147, abnormal and steel 144, 
very abnormal. 

Comparing the two tests, it is found that, in general, 
the abnormal steels had the highest coarsening tem- 
peratures and those with normal structures had the 
lowest coarsening temperatures. 
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Chemical analyses and tensile-property tests indicated 
that all sizes of plates from some steels were not from 
the same heat. This was confirmed by the results of the 
carburizing tests. Steel 141, in the '/,-in. thickness, 
had a normal structure with large grains, while the 
1/,- and */,-in. plates had abnormal structures and smal] 
grains. Steel 149, likewise, had different grain sizes, 
the specimen from the '/,-in. plates having small grains 
and abnormal structures, while those from the '/.- and 
3/,-in. plates had larger grains and normal structures. 
Steel 150 had a composite structure in the '/,-in. plate, 
in which the edge had large grains and normal structure 
while the interior was abnormal with small grains. 


III. Method of Test 


1. Guided Bend Tests 


(a) Preparation of Specimens.—Specimens from each 
thickness of plate, in both the as-rolled and the normal- 
ized conditions, were prepared as shown in Fig. 4. A 
12- by 24-in. piece of the plate was cut with the short 
dimension parallel to the direction of rolling. A piece 
4 by 24 in. of the same material was attached to this 
plate by means of double-fillet welds with the length of 
the welds perpendicular to the direction of rolling. 
The welds were continuous and made in one pass. One 
fillet was made and the specimen allowed to return to 
the original plate temperature before the second fillet 
was welded in the same direction as the first, that is, 
started from the same end. 

All welds were made by the same operator, using direct 
current, reversed polarity and organic-covered electrodes 
from the same source. Electrode sizes and current 
conditions for the three plate thicknesses were as follows: 


Plate Electrode Welding Arc 
thickness size current voltage 
in, in, Amperes Volts 
% y 100 to 105 26 to 28 
gs 130 to 135 26 to 28 
% 6 160 to 170 | 26 to 28 


Very close tolerances were maintained, and any speci- 
mens showing undercutting, improper weld size or visible 
welding defects were discarded. 

All the steels were welded when the plates were at 
room temperature. To simulate the conditions of weld- 
ing in cold weather, additional plates were cooled to 
temperatures of 10°, 0°, —10° and —20° F., and welding 
was started when the plates were at these temperatures. 

Four specimens for the bend test and one specimen 
for examination of the microstructure and hardness 
tests were sawed from each assembly, as shown in 
Fig. 4. There was no further edge preparation, nor 
were the welds machined in any manner. 

(6) Bending Apparatus.—A bending jig similar to 
that shown in Fig. 5 was designed for each thickness of 
plate. The specimen was supported on hardened steel 
cylinders, and the tongue of the 7 was wedged firmly in 
the guide, which moved freely in vertical ways. The 
specimen was loaded at the center on the face opposite 
to the |, through a plunger having a semicylindrical end 
of the same radius as the supporting cylinders. As the 
tongue of the specimen was constrained by the guide 
to move in a vertical plane, bending was forced to take 
place uniformly at the toe of each fillet. The deflection 
was measured on a scale attached to the plunger. The 
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Fig. 5—-Diagram of Bending Jig, Showing Specimen in Place 


angle of bend (the supplement of the internal angle 
between the legs of the specimen) was obtained from a 
curve showing the relation between the deflection and the 
angle of bend. This curve was made by comparing 
measured angles of tested specimens with the deflections 
which produced these angles. 

For each jig, the diameter of the supporting cylinders 
and of the end of the plunger was four times the nominal 
plate thickness, ¢, and the distance between centers of 
the supporting cylinders was 12/. The jigs are shown 
in Fig. 6. 


Fig. 6—Photograph of Bending Jigs Used for 1;-, 


1g. and %- 
Inch Specimens, Showing All Essential Parts of Each Jig 


To observe the effects of low temperatures on the 
bending properties, bend tests were made at tem- 
peratures from +10 to —20° F. For testing specimens 
at low temperatures, the jig was placed in an insulated 
tank containing a solution of ethylene glycol (50% by 
volume) in water. The liquid covered the specimen 
when in position in the jig and was cooled to the desired 
temperature by adding dry ice (COs). 
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Procedure. 


(c) The jig was placed in a vertical 
screw-power, beam-and-poise testing machine. The 
specimen was laid across the cylindrical supports, as 
shown in Fig. 5, and a load of 100 lb. was applied through 
the plunger attached to the movable head of the testing 
machine. With this load seating the specimen firmly 
in the jig, the “zero deflection” of the scale attached to 
the plunger was read. The load was removed, and the 
tongue of the specimen was wedged in the slot of the 
guide. 

The load was again applied to the specimen and in- 
creased continuously until the beam “‘dropped,’’ indicat- 
ing that the ‘“‘maximum load’’ had been reached. The 
deflection of the specimen was the difference between 
the scale reading at this maximum load and the zero 
deflection. 

If there was no visible crack when the beam dropped, 
loading was continued until the specimen cracked or 
the bending limit of the jig (about 120°) was reached. 
If the specimen cracked either before or after maximum 
load, the deflection was read and the angle at initial 
failure was determined in the same manner as the angle 
at maximum load. The specimen was examined without 
removing the load, and if the failure was not complete, 
bending was continued to determine the direction of 
propagation of the failure and its extent at jig capacity. 

In addition to the deflections and loads, observations 
were made also of the kind or type of fracture, whether 
partial or complete, sudden or gradual, and of the loca- 
tion, whether in plate metal, bond zone or weld metal. 

For the tests at low temperatures, the same procedure 
was followed, except that the specimen could not be 
examined without removing it from the jig. The speci- 
mens were brought to the desire? temperature before 
testing by placing them in the tank for at least 30 min. 
prior to testing. Tests on similar specimens with ther 
mocouples in drilled holes showed that the temperature 
of the specimen rose only slightly during the time neces- 
sary to wedge the specimen into the guide. 

The program called for the welding and testing of all 
sizes of the steels at the following temperatures: 


Plate tem- 
perature 
before 
welding 


Testing temperatures 


°F °F 
70, 10,0, —10, —20 
70 


0 70, 10, 0, —10, —20 
70 
70, 10,0, —10, —20 


With four specimens to be tested under each condition, 
a total of 408 bend tests was required for the complete 
investigation of each steel. As the work continued, it 
was evident that some steels were unsatisfactory, and 
further tests were discontinued in order to shorten the 
program. The complete program of tests was carried 
out on only 6 of the 18 steels (Nos. 139, 144, 146, 147, 
149 and 150). 


2. Hardness Tests 

One specimen for each composition, thickness and 
condition of steel was ruled in millimeters, as shown 
in Fig. 7, and Vickers numbers were obtained for each 
square in the heat-affected zone. 

Results for the six completely tested steels are given 
in Table 7, showing the hardness of the plate metal 
before and after welding. 
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Table 7—Effect of Welding on Hardness of Plate Metals 


The highest hardness (182) of the as-rolled plates 
was found in the */,-in. plate of steel 144 and the lowest 
(149) in the '/:- and */,-in. plates of steel 139. The 
'/,-in. plate of steel 144 also had a low value (150). 
After welding, the highest hardness was found in the 
'/s-in. plate of steel 144 (252), an increase of 102 Vickers 
numbers. 

The highest hardness of the normalized plates (164) 
was found in the '/,-in. plate of steel 147. The hardest 
point after welding was 271, found in the '/s-in. plate 
of steel 147. This plate also had the greatest increase 
in Vickers numbers (113) as a result of welding. 

None of the specimens hardened excessively, and the 
ranges of hardness were comparatively narrow. 


3 


Macrostructures 


Specimens from the six completely tested steels were 
polished, etched and examined both macroscopically and 
microscopically. A typical macrophotograph is shown 
in Fig. 8. The results of these studies showed that all 
welds were of proper contour and size, that heat pene- 


Steel 


149 


Fig. 7—Location of Vickers Indentations on Specimens and Hardness Numbers Corresponding to the 
Indentations 


Original plate After ~ Increase of hardness 
Plate 
thickness 
ormal- Normal- Normal- 
As-rolled ised As-rolled ized As-rolled ized 
.| Viekers No.| Vickers No.| Vickers No.| Vickers No.| Vickers No. 
53 145 215 1” 62 4 

ee M44 219 214 70 
49 145 1M 192 45 

177 154 27 230 70 76 

a 1/2) 1530 159 252 231 102 72 

a4 182 152 ™2 227 60 75 

4 1% 155 185 190 » 35 

1/72 18 180 198 200 45 

a4 1M 149 206 200 52 51 
4 164 164 251 240 87 

164 158 Bs 271 113 
wa 171 157 23 24 52 

4 165 160 aun 198 43 B 

oe 12 158 156 195 193 37 37 

wa 153 182 197 188 44 % 

v4 168 158 mm 23 56 65 

1/2 1852 180 220 57 7 

155 157 225 53 
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tration was normal for the plate and the electrode size 
used and that there were no serious defects in the plate 
or weld metals. 

Microstructures of welded specimens showed that, 
with the exception of steel 147, the grains at the fusion 


(A) */,-in. plate. 
(B) plate. 
(C) #/;,-in. plate. 
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boundary were not excessively large. There were no 
sharp boundary lines, and the plate metals for the most 
part diffused gradually into the weld metals. Likewise 
the changes in structure in the transition zones of the 
plate metals were very gradual. 


IV. Results 


Maximum Load 


For the specimens in which no fracture occurred the 
load increased, with increase in angle of bend, to a maxi- 
mum and then decreased continuously without any in- 
crease, until the limit of the jig was reached. Usually 
the maximum load occurred after the specimen had bent 
60°. The agreement between duplicate specimens, as 
to both the maximum load and the angle, was generally 
very close. 

Specimens from some of the steels cracked audibly or 
visibly while the load was still increasing and at bend 
angles usually much less than 60°. In such cases the 
results of duplicate specimens did not agree, either in 
load or angle at which cracking occurred. For speci- 
mens from other steels, cracking did not occur until 
after the maximum load had been attained and the load 
was decreasing. When this occurred, there also was 
lack of agreement among duplicate specimens for the 


load at which cracking occurred, although the agreement 
on maximum load and angle at maximum load was close 

Because the maximum load on a specimen was affected 
directly by changes in dimensions that were indeter- 
minate on these specimens and could not be reduced to 
stress values, this maximum load in the bend test was 
not considered an important basis of comparison. It 
was even more difficult to determine exactly the load, 
and particularly the angle, at which cracking began, 
and no attempt was made to use these as a basis of com- 
parison. The maximum load, with or without failure 
by cracking, was indicated by a drop of the beam of the 
testing machine similar to that at the maximum load 
in a tensile test of a ductile metal. The angle of bend 
at this load was readily determined, and also whether 
the failure occurred before or after the maximum load 
had been passed. All failures were in one or the other 
category, and those which appeared to coincide with the 
maximum load were considered to have occurred under 
an increasing load. 

Although it would not be advisable to recommend 
minimum numerical values for maximum load and angle 
of bend, alone, as a basis for acceptable welding quality, 
it was considered that the higher these values the greater 
were the indicated strength and ductility of the joint. 
These values were considered useful for comparisons of 
specimens of different steels welded and tested under 
the same conditions. The use of values for angle of 
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Fig. 9—Relation of Maximum Loads to Testing Temperatures 
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Fig. 10—Relation of Maximum Loads to Welding Temperatures 


bend at maximum load is discussed in the following 
section, 

The maximum load usually increased with increase 
in thickness of the plate. The maximum loads for the 
normalized steels were generally lower than for the 
specimens of corresponding steels in the as-rolled condi- 
tion. 

Figures 9 and 10 show, respectively, the variation of 
maximum load with testing temperature and with the 
temperature at which the specimens were welded.* 
The three groups of curves in each column represent the 
three plate sizes, */,, '/, and '/, in., reading from top to 
bottom. The small ‘x’ indicates that the data are 
incomplete for these points. 

In both of the figures, the double circles at the left of 
each column show, for the as-rolled and the normalized 
material (as indicated at the bottom of the legend) the 
average maximum load for all specimens of each size 
(normally 68) tested at all combinat'ons of welding and 
testing temperatures. The average maximum load for 
the specimens welded and tested at 70° F. is indicated, 
in both figures, by the left end of the curves plotted with 
open circles, the solid curves representing the as-rolled, 
and the dotted lines, the normalized material. 


* A complete tabulation of the numerical data, shown graphically in this 
paper, is presented in a paper of the same title, ‘Research Paper 1444,"’ in the 
Journal of Research of the National Bureau of Standards, 28, 1 (January 1942) 
This paper will be referred to as RP1444. 


These two figures indicate that the maximum load 
increased as the temperature of testing was reduced 
from room temperature to — 20° F., but that the relation 
between the maximum load and the temperatures at 
which the specimens were welded was entirely random 
and independent of the testing temperature. 


2. Angle at Maximum Load 


The average angles at maximum load, for the tests 
at all combinations of welding and testing temperatures 
and for the specimens welded and tested at room tem- 
perature only, in both the as-rolled and the normalized 
conditions, are shown graphically in Fig. 11. 


For specimens welded and tested at 70° F., the bending 
angles for all thicknesses were approximately the same 
for the as-rolled and normalized conditions. One out- 
standing exception was steel 144, in which the angles 
were considerably greater for the normalized condition 
than for the as-rolled condition. From tensile and 
microscopic studies it was believed that when rolled 
this steel had been finished “cold.’”’ This apparently 
contributed to the great differences in bending angles 
in the two conditions. The different sizes of plates 
were rolled from different heats of steel. 

The '/,-in. plates of steel 149 and the '/,- and */,-in. 
plates of steel 150 likewise bent to greater angles in the 
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normalized condition than in the as-rolled. The plates 
were rolled from different heats. 

Steels 139, 146 and 147 had uniform bending angles in 
the as-rolled and normalized conditions. 

The variation in angle at maximum load with testing 
temperature is shown in Fig. 12, in which are plotted 
results of tests of specimens welded at 70° F. and at 
—20° F. in both the as-rolled and the normalized condi- 
tions, and tested at different temperatures. These 
results show that the trend is toward lower angles at 
the lower testing temperatures. This tendency is less 
marked in steels 139, 146 and 147 than in the others, 
indicating that testing temperatures have less influence 
on the angles at maximum load in these steels than in 
the other three steels. 

The variation in angle at maximum load with welding 
temperatures is shown in Fig. 13, in which are plotted 
results of tests of steels welded at various temperatures 
and tested at 70° and at —20° F. in both the as-rolled 
and the normalized conditions. These results show that 
there is a slight tendency toward lower bending angles 
at lower welding temperatures, although the trend is 
not well marked. In general, low testing temperatures 
appeared to have more effect on bending angles at 
maximum load than the temperature of the plates before 
welding. 

In the use of any statistical method of analysis for 
interpretation of data, some precaution must be taken 
to insure credit being given to the material which is 
uniform in properties as compared with one which 
may have a high average for properties, but scatter 
considerably between the extremes. For this reason, 
a system was devised which would penalize in a final 
rating any lack of uniformity in angles at maximum load 


for duplicate specimens in each group, although the 
average angle of a group might have been high. 

Lack of uniformity in angles at maximum load was 
measured by the deviations of the angles of individual 
specimens below an arbitrarily chosen angle of 60°. 
That is, if, for an individual specimen, the angle at 
maximum load is less than 60°, the difference, or 60° 
minus the angle, is taken as the deviation; if the angle 
is 60° or more, it is disregarded, since the interest is only 
in those specimens which show a low angle. The angle 
60° was chosen arbitrarily as a value high enough to 
include any significantly low measurements of the angle, 
but not so high as to include average or above average 
values, since if all of the angles showed a negative devia 
tion from the reference angle, the average of these de 
viations would merely be another way of stating the 
average angle. 

The rating for deviations is obtained by dividing the 
sum of the individual negative deviations for a group of 
specimens by the total number of specimens in the group, 
and multiplying by 100 to eliminate decimals—expressed 
mathematically, the rating is 1002(60°—A)/N, where 
A is the angle at maximum load for each individual 
specimen in which this angle is less than 60° and N is 
the total number of specimens. 

The deviations for each steel under various test condi- 
tions are shown graphically in Fig. 14, in which the 
length of the bars is proportional to the average devia- 
tion below 60° of the individual maximum load angles 
for the test groups indicated in the columns at the left. 
A long bar, indicating a large average deviation below 
60°, may mean that the average angle is low; but if the 
average angle, as shown in Fig. 11, is above 60°, the 
deviations or scatter of the individual measurements are 
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Fig. 1l—Angle of Bend at Maximum Load 


Double cross-hatched bars—as-rolled plates, all combinations of welding and testing temperatures. Double black bars—normal- 
ized plates, all combinations of welding and testing temperatures. Single cross-hatched bars—as-rolled plates, welded and tested 
at 70° F. Solid black bars—normalized plates, welded and tested at 70° F. 
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Fig. 12—Relation of Angle at Maximum Load to Testing Temperatures 
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Fig. 13—Relation of Angle at Maximum Load to Welding Temperatures 
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Fig. 14—-Deviations Below 60° of Individual Angles at Maximum Load 
Double cross-hatched bars—as-rolled plates, all combinations of welding and testing temperatures. Double black bars—normal- 


ized plates, all combinations of welding and testing temperatures. 


at 70° F. Solid black bars 


large. Either of these conditions is undesirable from the 
viewpoint of reliability of the weld as indicated by the 
angle at maximum load, so that in this figure a short bar 
indicates a steel with reasonably consistent bending 
angles and with an average angle above 60°. 


3. Failures 


Failures in the bend test occurred in three locations: 
(1) in the plate metal; (2) in the bond zone; and (3) 
in the weld metal. Failures in the plate metal were con- 
sidered the least desirable. 

In Fig. 15 the length of the bars represents the per- 
centage of specimens tested in which failures occurred. 
The upper part of the chart shows the failures in the 
plate metal, and failures in the bond or weld metal are 
shown in the center section. The lower section of the 
chart shows all failures, that is, plate metal failures and 
bond or weld failures combined. Here, the total is 
greater than 100% in several instances, because several 
of the specimens showed both types of failure, which 
were considered separately in constructing the two upper 
sections of the chart. 

The percentage of plate failures is highest in the '/,- 
in. thicknesses and lowest in the '/2-in. thicknesses in the 
as-rolled condition. In normalized plates, the percent- 
age of plate failures increases as the plate thickness in- 
creases, being lowest in the '/,-in. plates and highest in 
the */,-in. plates. There were fewer plate failures in the 
normalized condition than in the as-rolled condition. 

Usually bond or weld failures did not occur when there 
was an early plate failure; therefore if there were many 
plate failures, there were few bond or weld failures. 
Probably for this reason the average percentage of bond 
and weld failures in '/,- and */,-in. thicknesses was 
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normalized plates, welded and tested at 70° F. 


Single cross-hatched bars—as-rolled plates, welded and tested 


higher in the normalized than in the as-rolled condition. 

In the as-rolled plates, the percentage of bond and 
weld failures was low in the '/,- and */,-in. thicknesses 
and relatively high in the '/2-in. thickness. In the 
normalized condition there were less bond and weld 
failures in the */,-in. than in the '/»-in. thicknesses. 

All failures, including both plate and bond or weld 
failures were highest in the '/2-in. thicknesses both as- 
rolled and normalized. Normalized plates in general, 
had less failures of all types than as-rolled plates, in all 
thicknesses. 

The variations in the percentage of failures with the 
testing and welding temperatures are shown in Figs. 16 
and 17. 

The number of plate failures increased, in almost every 
case, as the testing temperature was decreased. This 
increase was slightly more pronounced in the normalized 
than in the as-rolled condition. 

The relation between the plate failures and the tem- 
peratures at which the plates were welded is not so pro- 
nounced as the relation to the testing temperatures, but 
there was a slight increase in the number of the plate 
failures for the specimens welded at the lower tempera- 
tures. 

The relationship of the bond and the weld failures to 
the welding and the testing temperatures is overshadowed 
by the increase in the plate failures at the lower tempera- 
tures. This has a decided effect on the number of the 
bond or the weld failures. 

There is no indication, from these results, of any 
critical region of either welding or testing temperature, 
in the range 70° to —20°F., at which there was a sudden 
increase in the number of failures. 

Considering all sizes combined and the averages of all 
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combinations of welding and testing temperatures, steel 
146 had the smallest number of plate failures and of all 
failures combined, in both the as-rolled and the normal- 
ized conditions. Plate failures were greatest in steel 144 
in the as-rolled condition and in steel 149 in the normal- 
ized condition. Total failures were highest in steel 147 
in both the as-rolled and the normalized conditions, 
although most of these failures were in the bonds or 
welds. 

The relative merit of each steel as determined by the 
percentage of plate failures, and the relation of plate 
failures to chemical, hardness and tensile properties for 
each size separately, will be considered in a later section. 

Fractures in the |-bend specimens were classified as 
follows: 

Type I. A crack which started in the bond zone at 
the toe of the fillet and followed the fusion zone under 


the weld, but did not turn into the plate metal. 

Type II. A crack which started at the toe of the fillet 
and extended either directly into the plate metal or 
followed the fusion zone for a short distance and then 
turned into the plate. This type of fracture progressed 
gradually without sudden or sharp rupture of the plate 
metal. 

Type III. A sudden or sharp crack which generally 
started at the toe of the fillet and extended into the plate. 

Typical fractures are shown in Fig. 18 and 19. Figure 
18 (A) shows a specimen which did not fail but bent to 
the capacity of the jig. Figure 18 (B, C and D) show 
Type I fractures which extended along the fusion zone 
but did not turn into the plate. Figure 18 (£) is a com- 
posite fracture which started as a Type I fracture, tear- 
ing both fillets from the plate, then turned into the plate 
and became a Type II fracture. Figure 18 (F) is a Type 
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Fig. 15—Failures of Specimens 


Double cross-hatched bars—as-rolled plates, all combinations of welding and testing temperatures. Double black bars—normal- 
ized plates, all combinations of welding and testing temperatures. Single cross-hatched bars—as-rolled plates, welded and tested 
at 70° F. Solid black bars—normalized plates, welded and tested at 70° F. 
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Fig. 16—Relation of Per Cent Failures to Testing Temperatures 
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Fig. 18—Typical Fractures of Tee Bend Specimens 


No failure. 
Slight bond failure, both sides. Type I fracture. 


Complete bond failure, following line of fusion. Type I fracture. 

Bond failure, complete. Gradual failure along heat-affected zone. Type I fracture. 

Bond failure, complete, both sides. Plate failure, 2/3, originating in bond. Types I and II fractures. 
Plate failure, complete, both sides. Started as bond failures, then turned into plate. Type II fracture. 


II fracture which started as Type I and then extended 
gradually into the plate, fracturing it completely on one 
side and almost completely on the other side. Figure 19 
(G and H) are Type III fractures. Figure 19 (G) also 
contained a weld fracture which started in a blowhole. 
Figure 19 (J) is a Type III fracture which broke through 
the plate suddenly and completely with a sharp report. 
Figure 19 (J, K and L) are failures which are occasion- 
ally found in laminated plates. The plate shown in Fig. 
19 (K) separated completely at a large lamination with- 
out transverse fracture of either plate or weld metals. 
The T-member shown in Fig. 19 (L) contained a lamina- 


tion which separated without failure of plate or weld 
metals. 


V. Discussion 


Because of the large number of Specimens and the 
number of different conditions under which the tests were 
conducted, a statistical method of evaluation of the data 
was deemed desirable. The number of specimens tested 
under each condition was small, only four. The rating 
method was based on a consideration of all of the condi- 
tions rather than on a large number of results from any 


L 


Fig. 19—Typical Fractures of Tee Bend Specimens 
Weld failure, complete through blowhole. Plate failure */;, sharp, under opposite fillet. Type III fracture. 
Plate failure, '/;, sharp. Bond failure complete along tongue of specimen. T III fracture. 
Plate failure, complete, sharp. Tongue broken by impact at failure of plate. Pipe III fracture. 
Plate failure, '/2, laminated plate, failed by separation of laminations. 
Laminated plate, failed by separation and buckling without transverse cracking. 
Stresses relieved by opening of lamination in tongue. No failure in plate metal, bond zone or weld metal. 
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one given condition. Several factors were either meas- 
ured or noted during the investigation, and these were 
believed to have contributed to the welding quality of a 
steel to different extents. The final weighted rating then 
had to contain a consideration of all contributing factors. 

For each contributing factor or property measured in 
the tests, rank numbers are used to indicate, by small 
numbers which are easily compared, the relative merit 
of the steels under different conditions. 

To determine the rank numbers, the total range of the 
property under consideration was divided into eleven 


are not considered in the rating charts given below, but 
are discussed in Section VI. 

In tables 8 and 9 are summarized, for the as-rolled 
and the normalized conditions, respectively, the ratings 
and rank numbers derived from the various measure- 
ments and observations of the |-bend tests. The 
weighted rank calculated from a combination of the 
various rating factors is also given. The data in the 
upper part of each table are the averages of the 17 test 
groups for all combinations of welding and testing 
temperatures. In the lower part of the tables, the data 


subdivisions, which were given consecutive rank num- 
bers from 0 to 10. A rank of 0 was assigned to the sub- 
division at the least desirable end of the range, and a 
rank of 10 to that in the most desirable end of the range 
of values. High rank numbers then indicate the best 
steels as judged on the basis of this particular property. 
The rank numbers afford a means for comparing the 
effect of testing conditions such as temperatures of weld- 
ing and testing, plate thickness, and heat treatment, 
since all of the rank numbers for any property were 
based on the same table of range subdivisions, except 
in the case of maximum load, in which different ranges 
were used for the different plate thicknesses. 

These rank numbers are used also in the determina- 
tion of the weighted rank (Tables 8, 9 and 10) in which 
several contributing factors are considered. 

During the course of investigation, several steels were 
eliminated from further consideration because of early 
failures or because of some other factor. These steels 


represent the single test groups of four specimens for 
each plate thickness, which were welded and tested at 
room temperature. 

The second column in each table gives the weighting 
factor assigned to each basis of rating shown in the first 
column. These weights were adjusted so that the sum 
of the weighting factors for each plate size would equal 
10, allowing a maximum possible weighted rank of 100, 
since the highest rank number is also 10. The sum of the 
weighting factors for all sizes combined was made equal 
to 50, by assigning appropriate weights to the averages 
of the various ratings for all thicknesses of each steel. 

The largest weight was given to the ratings based on 
the angle at maximum load, which is the most accurate of 
the measurements in the ]-bend tests, and probably the 
most significant, since any kind of failure at a small angle 
of deflection resulted in a low angle at maximum load. 
Two ratings are based on this measurement: (1) the 
average angle, and (2) the average deviation below 60° 


Table 8—Summary of Ratings and Weighted Ranks—As Rolled Plates 


Steel Humber | 139 146 187 149 150 | Ranges of Ratings 
Beet Foret 
Basis of Rating Weight| Plate || Rating Rank "td.| Rating Rank Wtd.| Rating Rank W"td.| Rating Rank "td.| Rating Rank Wtd. |Rating Rank "td. 
Factor} Size Mo. Rank Bo. io. Rank Wo. Rank Rank Wo. Rank Rating Rank |Rating Rank 
| Steels Keldad and Tested at All Temperatures -20°F to 70°F 
[ingle at Maxiwum Load 3 59x 2 al « 
Average engle for 3 1/2" 55x 2 6 4 12 24 és ‘6 is 2 
Total Wed. Renk 15 60 27 105 = ie 66 57 ad 
Deviations Below 40° 3 832 1 28 9 27 9 2 264 7 a 1 28 
of individual angles 3 1/2" 700% 22 i 7 9 138 2 197. 24 pet ; 7 H 
Totel Std. Ranx 15 87 120 d 108 7” 
Plate Fatlures 2 ° Oo} 100 ° 14 ° 0 ° 
Percent of specirens 2 1/2° 96 g 2 ° 10 23 4 2 14 28 ° 
utes in plate metal. 2 a 1 93 ° 0 5 a? 1 77 2 i$ 69 &y 
Total Wtd.Rank 12 1 2 é2 22 
All Fetlures Peroent 1 100 1 1 100 1 1 2 5 107 ° ° 1 
of epecimens tested 1 1/2° 1 ° 2 114 0 2 2 6 0 ine 
Waxicun Load 1 2] 5400 10 | 4210 & | 5 5 | 61% 5 5 5400 2 
Total Wtd, Rank 3 3 are, 20 3 
Total Teighted Rank 10 ij 
for all rating 10 1/2" 2 bs 3 5 is 
factors combined. 10 3/4" 60 26 65 i ; 65 26 
Relative Order Ho. (*) (5) (6) 4) (2) (3) (4) . 
Steels Welded and Tested at 70°F (Room Temperature) only. 
Angle at Mex‘aum Load 3 61 5 15 6 a ~ 12 12 12 7 
3 68 8 2 ° 62 © 5 6 is 67 8 2 50 
6 all 69.0x 9 58 56.0 2 12 67.3 ua 5.3 7 65.3 7 59.3 4 28 69.02 9 56.0 2 
Deviations Below 10* 2 9 27 ° 10 50 9 27 150 au 175 a 24 ° 10 175 
3 1/2" Ox 10 500 3 15 0 0 10 0 20 6 10 10 590 5 
whe ° 10 232 10 0 10 0 10 | 1000 0 0 10 1600 
é Oz 10 60 3 5 10 27 9 50 4 54 92 é 10 
| Piste Failures 12 | al 67 3 % 83 1 12 9 08 5s 50 5 60 2 12 9 1 
Failures all 7 20 91 1 5 16 9 we 108 ° 75 3 15 125 ° 16 9 125 
Maxieu Load 1 1/%* 1 i 100 8 | 3968 2 4051 3 | 100 1755 1 
| 1 570 6 6 | 6962 i & | 7062 7850 7 7 7 6£10 ° 
L i 9450 3 3 }10210 7 10 7 7 [Logo 9 9 {0100 6 8975 10450 9 4975 ° 
Total Weighted Rank 50 | Total 339 1s 
_ Relative Order Ko. (*) (2) (6) 
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Table 9—Summary of Ratings and Weighted Ranks—Normalizei Plates 


Steel Number 139 146 147 149 150 Ranges of Rating, 
1 B 
Basie of Rating Weight! Plate || Rating Rank "td. |Rating Renk Wtd.| Rating Renk Wtd./ Reting Rank Rating Rank Wtd.| Rating Rank td. = Yorn 
Factor) Size Wo. Rank Bo. Rank No. Rank Wo. Rank Wo. Raak Bo. Rank Rating Rank! Ra: 
Steels Weldec anc Tested at All Teaperatures -20°F to 70°F 
Angle ot Maxiquo Load 3 we | 65 7 a 61 5 15 65 7 2 64 4 1s 58x 3 62 5 15 66 ? Sty 
Average angle for 3 | 65x" 7 a 66 7 a 68 24 68 a4 6 16 ‘4 us 
ell epeciaens tested 3 ye 63 6 18 61 5 15 64 18 62 5 15 12 62 5 15 
Total "td. Rank 15 94 105 93 63 8 
Deviations Below 3 4 9 27 172 6 24 v7 9 27 9 27 5 15 7 21 kao, 
of individual angles , 1/2" 257" 7 21 9 27 52 9 27 9 27 209 7 21 194 « 24 au S Dey 
at maxious load ve 1 8 110 ou 17 9 zh R 9 2 193 110 8 7 9 192 
=100Z(60°-a) /¥ AL 135 ot 107 us 9 3 > 248 7 42) 171 s 4s 9 
Totel "ta. Rank 15 120 123 135 135 102 117 
Plate Fail 2 3 4 2 2 4 
4 te mete 18 
All Fail -?P t 1 1/4" 47 4 2 2 22 + 
ef tested 1 1/2" a 2 4 65 4 4 ise ° 3 : 
showing failures in 1 | 374 5 2 5 7 5 5 i 1 3 3 7 100 
Plate, bond, or weld 2 | all 5 10 62 6 7 6 12 92 1 2 76 3 ia 57 5 pts) 7 6 92 
Total Wtd. Rank 5 23 2 29 7 15 25 
Maximum Load i 2 2 | 4670 6 | 3640 2 2}; 3 3 | 6 6 | 364% 2 2 6 
2 2 6 6 a. 5 5 | 756 5 6 | 7260 5 5 | 7~0 5 5 7700 
Total Weighted Rank 10 | 1/4" 66 53 76 64 3 56 76 
for all rating 19 1/2" 50 7% 69 5 7% 
factore combined 10 58 56 56 6? Q 
20 ali 118 120 150 122 124 150 
Total - All Sizes 292 267 367 oth x67 
Relative Order Yo. (*) (5) (1) (2) (6) 
Steels “elded and Tested at 70°F (Room Temperature) only. 
Angle at Meximum Load % 1/4" 65 7 21 72 10 5 1 62 5 68 4 69 9 2 
1/2" 68 24 64 8 24 67 8 2 69 9 27 69 9 27 68 9 
3 4 66 7 21 64 6 18 66 7 21 83 6 1s 66 7 21 65 7 21 66 7 3) 
6 | al 66.35 7 6s.0 8 6 64.7 «6 64.7 6 3% 67.7 8 6° 68.0 68.7 
Deviations Below 40° 3 10 30 ° 10 500 5 15 200 6 24 ° 10 ° 
3/4 10 25 9 2 10 10 10 10 
Plate Failures 12 all 58 4 17 8 96 9 ws 10 «(120 25 7 ° 10 
All Failures 5 | a 58 5 25 6 50 6 58 5 85 25 25 
Maximup Load 1/4" |) 3687 1 5 6 6 | 3603 ° ° 2 2)4 
1 1/2" 6162 1 1 | 7655 6 5 | 6825 3 268 5 5 3 3 7658 
1 3/4 1 1 | 6962 ° | 9738 & |10050 é 6 |10050 é | 50 é 
Total Weighted Rank 50 Total 4 
Relative Order Wo. (*) (6) (2) (5) (3) (1) (4) 


of the angle measurements for individual specimens. 
This latter rating assigns a lower rank to steels for which 
the angle at maximum load was below 60° for any indi- 
vidual specimen, thus penalizing non-uniformity as well 
as a low average angle. 

The percentage of plate failures was given less weight, 
because the angle of deflection at failure is a factor which 
was not considered. This angle was recorded in most of 
the tests, but it could not be determined accurately in 
the low-temperature tests, where the specimen was im- 
mersed under liquid; and even in the tests at room 
temperature the determination of the exact beginning 
of the failure, which was often very gradual, depended 
largely on the opinion of the observer. At times the be- 
ginning of the failure could not be observed, particularly 
if it started at the back of the specimen on the side 
opposite to the observer. 

Failures in the bond or weld metal were not con- 
sidered separately in this determination of the weighted 
rank, because they do not depend entirely on the char- 
acter of the plate metal. These failures appeared to be 
more or less of a residual type, that is, specimens which 
did not fail in the plate metal often failed in the bond or 
weld at high angles of deflection. However, a failure in 
the bond or weld relieved internal stresses in the speci- 
men, and thereby tended to reduce the probability of a 
plate failure. Therefore, the rating on all failures, which 
includes both plate failures and bond or weld failures, 
was given a small weight in the determination of weighted 
rank. 
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The smallest weight was given to the rating based on 
the measurement of the maximum load. A high maxi- 
mum_-load rating would appear to be desirable for welded 
structures, but frequentiy a high load rating was associ- 
ated with a low angle at maximum load in brittle steels, 
resulting in sharp, complete failures of the plate metal. 
The maximum-load measurements are not particularly 
significant, except for comparing specimens cut from the 
same plate, since this load is approximately a function 
of the cross-section area of metal at the joint, which 
could not be measured accurately because of slight varia- 
tions in size and shape of the weld fillets. This effect 
cannot be evaluated by ordinary or simple measure- 
ments. For these reasons, the rating based on the maxi- 
mum load was given only a small weight, and was in- 
cluded mainly for the purpose of making the summary 
compare the welding quality of the various steels. The 
steels may be directly compared by means of any one of 
the five rating factors, by any combination of them or 
by all of them taken together, depending upon which 
factors may be considered to be the most important in 
the conduct of a test. 

The summaries of the ratings and the weighted rank 
given in Tables 8 and 9 are shown graphically in 
Fig. 20. The left half of the chart shows the weighted 
rank of all thicknesses combined, for each steel in the 
as-rolled and the normalized conditions, and for the tests 
at room temperature as well as at all combinations of 
welding and testing temperatures. The right half of 
the chart shows the weighted rating for each plate thick- 
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complete, rather than for its effect on the total weighted 
rank. 

In the body of each table (8 and 9), the first two 
columns under each steel number in the heading show 
the rating and the rank number for each of the rating 


factors. The weighted rank in the third column is ob- 
tained by multiplying the rank number by the weight 
assigned in the second column of the table. 

The numbers in parentheses at the bottom of each 
section of the table give the relative order of merit of 
the six steels, as determined by the total weighted rank 
for all thicknesses combined. 

The method of determination of the weighted rank is 
explained in detail in RP1444’, 

In the last section of the upper portion of Table 8 are 
given the total weighted rank for each thickness, for all 
thicknesses combined and for the grand total. The total 
for each thickness is found by adding the weighted ranks 
for each of the five rating factors. For example, for the 
\/,-in. thickness of steel 139, the weighted ranks are: 
\2 for the angle, 18 for deviations, 0 for plate failures, 1 
for all failures and 2 for maximum load—a total of 33. 
This value may be used to compare the various thick- 
nesses of the same steel or to compare different steels. 
For example, the '/,-in. thickness of steel 139 has a 
higher weighted rank, 33, than that of the '/>-in. thick- 
ness, 18, but not so high as that of the */,-in. thickness, 
60. Therefore, the */,-in. plate may be considered to 
have a better welding quality than either the '/,- or '/2- 
in. plates and the '/,-in. plate to have a better welding 
quality than the '/2-in. plate. Similarly, comparing the 
'/,in. plates of different steels, it will be seen that steel 
146 with a weighted rank of 71 and steel 144 with a 
weighted rank of 14 represent the extremes of the steels 
tested and that the welding quality decreases from steel 
146, the most weldable, to steel 144, the least weldable. 

The grand total (181 for steel 139) is the sum of the 


total weighted ranks for each of the three plate sizes and 
for all plate sizes combined, and is also the sum of the 
total weighted ranks for the five rating factors. 

The value ‘(5)"’ at the bottom of the “rank’’ (fifth) 
column indicates that steel 139 was fifth in relative order 
of the six steels in the as-rolled condition under all 
combinations of welding and testing temperatures. 

The weighted rank for tests at room temperature only, 
shown in the lower part of Table 8, was calculated in a 
similar manner. 

Only four specimens of each plate thickness were tested 
at room temperature, and since this number is too small 
for the percentage to be significant, the ratings for plate 
failures and for all failures were calculated for all thick- 
nesses combined. In these two cases, the weighting 
factor was adjusted so that the weighted rank for all 
thicknesses combined in the tests at room temperature 
may be compared with the total weighted ranks for plate 
failures and for all failures, respectively, in tests under 
all temperature conditions. 

The data for the angle at maximum load in the room- 
temperature tests of the '/,-in. thickness of steel 139, 
as rolled, are missing. To complete the calculation of 
the weighted rank, a rank number equal to the lowest 
rank number for the other two thicknesses was arbi- 
trarily assigned for the angle and for the deviation, 
which is dependent upon the individual angles. These 
rank numbers are indicated by stars. 

For the three other factors, the rating, the rank, and 
the weighted rank for each thickness in the tests at room 
temperature may be compared directly with the cor- 
responding values for tests under all temperature com- 
binations. Such a comparison shows that, for each of 
the weighting factors considered, steel 139, as rolled, 
shows to better advantage at room temperature than in 
the low-temperature tests. 

This method of analysis of the data was devised to 


STEELITEST an WEIGHTED RATING WEIGHTED RATING - BY SIZES AR pPLATasTEEL 
NO. TEMP) WN. ALL SIZES COMBINED STEELS WELDED AND TESTED AT ALL TEMPERATURES SIZE) 
50 100 200 20 300 350 400 450 S00) 90 tod 

39 | ak SSS 
LAA. an | 30” 
144 | ALL] aR 
an | 30° 
70*| an | SSS 
149 | ALL] aR 
— an | 
70°} ak} ry 
an 
80 | ak] GSS an | 180 
SSS 
arn 
LEGEND ANGLE AT MAX LOAD DEVIATIONS BELOW 60° PLATE FAILURES ALL F mL ANGLE AT MAX LOAD DEVIATIONS BELOW 60° PLATE FALURE aL. F MAK LO LEGEND 
wT 
SCALE ° 50 100 1s0 200 250 300 350 400 450 S008 0 20 b 40 50 60 70 60 90 
Fig. 20 Weighted Ratings of Steels 
1942 


TEE-BEND TEST INVESTIGATIONS 


| 
Gat 
Rating, 
Tors: 
= 
4 
4 
: 
19% 
ote | 
Je 
106 
| 
970 
| 
oy 
25 9 a 
167 
a 
| 
962 4 
a 
| >," 
| 
| 
wis 


ness, in both the as-rolled and the normalized conditions. 
These ratings are for the average of tests at all combina- 
tions of welding and testing temperatures. Tests made 
at room temperature only are not considered for each 
thickness separately, because only a small number of 
specimens was tested. 


The several components of the weighted rating are 
indicated by different shadings of the bars, and the rela- 
tive weight assigned to each factor is shown in the legend 
at the bottom of the chart. 


In Table 8, the upper portion is devoted to welds made 
and tested at all temperatures while the lower portion 
contains results of tests of steels welded and tested at 
room temperature only. For steels welded and tested 
at all temperatures, the values, last line, for total 
weighted rank range from 121, for steel 144, to 336 for 
steel 146. For steels welded and tested at room tempera- 
ture only, the total values range from 143, for steel 144, 
to 430 for steel 146. 


The values for all steels are higher under room-tem- 
perature conditions than under lower temperature con- 
ditions except for steel 150, which was slightly lower in 
the room-temperature tests. This indicates that welding 
and testing at low temperatures caused a decrease in 
the bending properties of welded steels. Steel 150, 
which contained approximately 2 per cent of nickel, 
might be expected to have good bending properties at 
low temperatures because of the well known beneficial 
effect of nickel on the physical properties at subnormal 
temperatures. However, other steels also contained 
nickel in about the same amount, and these had de- 
cidedly lower bending properties at low temperatures 
than at room temperature. Closer examination of the 
data for the individual thicknesses of steel 150 indicates, 
however, that for the '/,- and ! /y-in. plates, the average 
angles were higher and the deviations below 60° were 
lower at room temperature than at lower temperatures. 
Calculation of the weighted rank for the individual 
thicknesses in the tests at room temperature (not shown 
in the table) showed that in the */,- and the '/»-in. thick- 
nesses, the weighted ranks for tests at room tempera- 
ture were higher than for tests at all temperature com- 
binations. For the */,-in. thickness, however, the 
weighted rank was much lower, and this thickness alone 
lowered the weighted rank of all sizes combined, in the 
tests at room temperature. The low rank for the */,-in. 
specimens tested at room temperature was due to the 
extremely low angles at maximum load. One specimen 
containing a plate lamination failed at an angle of 35°, 
and the angle at maximum load for the other three speci- 
mens ranged from 52° to 57°, an average of 50° for the 
four specimens tested. There was a wide and erratic 
variation of the angles at maximum load for specimens 
of this steel tested at other combinations of welding and 
testing temperatures, as shown in Figs. 12 and 13. The 
low rating of the */,-in. specimens of steel 150 in tests at 
room temperature was due to non-uniformity of this 
steel, which has been discussed previously. 


The relative order of total weighted rank (small 
numbers in parentheses, last line of both upper and lower 
portions of Table 8) differed considerably for tests made 
at room temperature and for those made at all tempera- 
tures. Based on these order numbers, steel 146 ranked 
first and steel 144 last (sixth) in both cases. However, 
steel 139, which had order number 2 in room-tempera- 
ture tests, was fifth in tests under all temperature condi- 
tions, while steels 147 and 150 had lower order numbers 
in tests at all temperatures than at room temperature. 


Steel 146 had a total weighted rank of 430 when welded 
and tested at room temperature and 336 at all tempera- 


tures. Only steel 139 welded and tested at room tem. 
perature had a higher total weighted rank than steel 144 
at all temperatures. 

Results for the specimens from normalized plates 
welded and tested in all temperature conditions (Table 9 
and Fig. 20) indicated that the total weighted rank for 
all sizes combined was higher in every case than for the 
same steel in the as-rolled condition. The weighted 
rank for steel 149 in the normalized condition was only 
slightly greater than in the as-rolled plates, with the 
result that the relative order number of this steel dropped 
from 3 in the as-rolled condition to 6 in the normalized. 
Except for this difference, the relative order numbers of 
all steels were the same in the normalized condition as 
in the as-rolled condition for tests at all combinations of 
welding and testing temperatures. 

A comparison of results of tests at room temperature 
with those at all temperature combinations, for normal- 
ized steels, shows that with the exception of steel 146, 
all steels had lower weighted ranks in the tests at all 
combinations of welding and testing temperatures than 
at room temperature only. Steel 146 had practically the 
same value in both cases. 

In the normalized condition, steel 149 was first in 
relative order for material welded and tested at room 
temperature only but was last for tests at all tempera- 
ture combinations of welding and testing. This indi- 
cates that the bending properties of this steel were ad- 
versely affected by both welding and testing at low 
temperatures. Reference to Figs. 12, 13, 16 and 17 
indicates that the lower number for this steel at all 
combinations of welding and testing temperatures was 
due mostly to the behavior at the low testing tempera- 
tures, although in the '/:-in. thicknesses there was a 
definite decrease in the angle at maximum load and an 
increase of plate failures, at low welding temperatures. 
There may be some relation between the low order 
numbers for this steel at low testing temperatures and 
the unusually small improvement of welding properties 
on normalizing. There was nothing unusual in the ten- 
sile or hardness properties, or in the changes of these 
properties on normalizing, to indicate that the change of 
welding quality on normalizing should be different than 
for the other steels. The tensile properties at low tem- 
peratures were not measured. It may be significant that 
this steel was the only one containing a large amount of 
phosphorus. 


A comparison of the ratings in the as-rolled and the 
normalized conditions for tests at room temperature 
only (Tables 8 and 9 and Fig. 20) indicates that steels 
139 and 146 had lower weighted ranks in the normalized 
condition. The weighted ranks for all other steels were 
higher in the normalized conditions than in the as-rolled 
conditions, much higher in steels 144 and 150. Since 
the ratings of the normalized steels welded and tested at 
room temperature were all comparatively high and cover 
only a limited range, the relative order is not of particular 
significance. 

The lower rating of normalized steel 146, in room- 
temperature tests, is due in large part to the low rating 
of the '/,-in. thickness, caused by a bond failure of one of 
the four specimens at an angle of 40°. Since this steel 
was quite uniform, the low angle for this specimen was 
probably due to a weld defect. 


The rating for the tests at room temperature for steel 
139, as rolled, may be too high, because some of the data 
were incomplete and the method of computing the angles 
was changed after the first few tests. 

The ratings for steel 144, as-rolled, were consistently 
much lower than the ratings for the normalized condition. 
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This obtained for all thicknesses and for tests made at 
low temperatures as well as at room temperature. This 
steel had considerably lower yield point and _ tensile 
strength in the normalized than in the as-rolled condi- 
tion, indicating a considerable amount of rolling harden- 
ing. It would appear, therefore, that the considerably 
larger weighted rank for steel 144 normalized was due to 
actual improvement of welding quality by the normal- 
izing treatment. This steel had many manganese 
sulphide inclusions and was the “‘dirtiest’’ of the six steels. 

The low rating of steel 150, as rolled, in room tempera- 
ture tests had been attributed, previously, to non- 
uniformity of the steel. In the normalized condition, 
the angles at maximum load were considerably higher 
and more uniform than in the as-rolled condition, indi- 
cating that the plates were made more weldable by the 
normalizing treatment. 

The relative order of the steels in each thickness and 


condition and the total weighted ratings of the different 
thicknesses and conditions of treatment for each steel 
are shown more clearly in the upper part of Fig. 21. The 
left half of the chart shows the comparative ratings of 
the various sizes of each steel for the as-rolled and the 
normalized conditions, and on the right half is shown the 
effect of normalizing the plates before welding. In each 
column of the chart, the steel numbers are shown op- 
posite the respective ratings for the size and condition 
indicated in the column heads, and lines are drawn to 
connect the corresponding steel numbers in each of the 
columns which are to be compared. The average for the 
six steels is given in each column, and these average 
values are connected by dotted lines. 

The comparisons between the different thicknesses of 
plates show that for most of the steels, the highest rat- 
ings were found in the '/2-in. thicknesses, in both the as- 
rolled and the normalized conditions. 
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An attempt was made to find a relation between the 
ratings for each thickness of each steel and the depth of 
heat penetration in the plate. The maximum penetration 
was measured on macrographs of the specimens welded at 
room temperature. There was no correlation between 
the maximum heat penetration and the ratings for tests 
made at any temperature. 

The effect of normalizing, as measured by the weighted 
rank, is shown in the right half of Fig. 21. In all cases 
except two, the weighted rank for the normalized plates 
of one size of a steel is higher than for the as-rolled plates. 
It is noted also that steels having the lowest weighted 
ranks in the as-rolled condition showed the greatest im- 
provement after the normalizing treatment. The */,-in. 
plates of steel 139 and the '/,-in. plates of steel 149 
are two exceptions which have a decrease of weighted 
rank after normalizing. The '/2- and */,-in. plates of 
steel 149 increased less in rating after normalizing than 
the average for the other steels. The fact that for each 
size of this steel the improvement of weighted rating on 
normalized plates was less than for the other steels tested 
(one thickness actually showed a decrease) substantiates 
the finding, previously discussed, that the average rating 
for all sizes combined showed a very low increase on 
normalizing, and indicates that this was inherent in the 
steel itself and was not a function of size or an accidental 
fluctuation. From Table 2, it is noted that the physical 
properties of this steel were very similar in both the as- 
rolled and normalized conditions, indicating that this 
steel may have been normalized at the mill prior to ship- 
ment. 

The normalized */,-in. plates of steel 139 had lower rat- 
ings than the as-rolled plates, while the normalized '/,- 
and '/s-in. plates had considerably higher ratings. This 
would indicate that the behavior of the */,-in. plates was 
abnormal. 

Figure 21 also shows the ratings of the steels, based on 
the average angle at maximum load and on the per- 
centage of plate failures. The scale for the rating on the 
basis of percentage of plate failures is reversed, so that 
the steels in which there were few plate failures appear 
near the tops of the columns. These ratings serve as a 


* check on the validity of the ratings based on the weighted 


rank. The relative order of the steels (reading from top 
to bottom in the columns) and the curves indicating the 
changes of rating with size and with normalizing are 
about the same in all sections of the figure. A study of 
the curves and of the relative order of the steels shows 
that, while the ratings based on the average angle at 
maximum load and on the percentage of plate failures, 
respectively, do not agree in every detail, there is sub- 
stantial evidence that a close relation exists between the 
angle at maximum load and the number of plate failures. 

Plate failures had more effect on the angles at maxi- 
mum load than bond or weld failures because: first, 
bond failures were residual failures which usually oc- 
curred at angles greater than the normal angle at maxi- 
mum load; and, second, the cross section of the speci- 
men was not reduced to any great extent, although the 
reinforcing effect of the weld fillet was partially elimi- 
nated. 

The ratings based on the weighted rank are a weighted 
average of all of the measurements obtained in the tests. 
The weights, shown in the heading of the upper section of 
Fig. 21, were arbitrarily assigned for reasons previously 
discussed. Since the largest weights were given to the 
angle at maximum load and to the deviations below 60°, 
the ratings based on the weighted rank should agree 
closely with the ratings based on this angle. This is evi- 
dent in the two upper sections of Fig. 21. Differences 
may be explained as the effect of the plate failures on the 
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Fig. 22 (Left)—-Steel 144. '4-Inch Plates, Welded as Rolled. 
Sharp Fractures in the Plate Metals. Average Angle at 
Maximum Load 56° 
Fig. 23 (Right)—Steel 144. 14-In. Plates, Welded After 
Normalizing Treatment. No Failures... Average Angle at 
Maximum Load 68° 


weighted rating, as shown in the lower section of the 
figure. The other factors in the weighted rating, namely, 
all failures (including plate failures and bond failures), 
and maximum load, were given small weights, and their 
effect on the weighted rank is almost negligible, as can 
be seen by comparing the three methods of rating shown 
in Fig. 21. 

A brief summary, using the order numbers, which is 
based on all five factors and all thicknesses, is given in 
Table 10. 


Table 10—Order Numbers of Welded Steels 


Steel number 
As-rolled Normalized 
Order number 

Room All Room | Al 

tempera- | tempera. | tempera- | tempers 

ture tures ture tures 
146 146 149 He 
139 147 14 4 
149 149 147 
147 150 1%) » 
150 139 146 
144 144 139 


Steel 146 was first for ail conditions except when welded 
and tested in the normalized condition at room tem- 
perature, where its order was fifth. However, a further 
analysis indicated that values of total weighted rank of 
this steel did not decrease under these conditions, but 
were approximately the same. However, the welding 
quality of other steels, notably 144, was appreciably im- 
proved if the plates were welded in the normalized condi- 
tion. It would appear therefore that the welding quality 
of steel 144 was appreciably influenced by normalizing. 
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Evidence of this is shown in Figs. 22 and 23, photo- 
graphs of '/:-in. plates welded and tested at room tem- 
perature in the as-rolled and normalized conditions, 
respectively. When tested in the as-rolled condition, 
all specimens failed in the plate metal (four Type III 
fractures), with sharp reports. The average angle at 
maximum load was 56°. Specimens from the plate 
normalized before welding bent to the limit of the jig 
without failure and with an average angle of 68°. 

Summarizing, for all tests the order was as follows: 
146, 147, 149, 150, 139, 144. 

To determine whether changing the method of weight- 
ing would appreciably affect the relative order of these 
steels, other methods of weighting are compared in 
Table 11, together with a summary of the weighted rank, 
by sizes for each of the methods of weighting. 

It is evident that the method of weighting has little 
effect on order numbers in corresponding positions in the 
different sections of the table. In only one case is the 
order number changed by more than two places; and in 
all cases except one, the highest and the lowest order 
numbers occupy the same position. Three of these four 
methods are compared graphically in Fig. 21. 

The relations between the weighted ranks and the 
tensile properties of the steels are shown in Fig. 24. 
At the top and bottom of the chart the steel numbers, in 
both conditions, are plotted against the weighted rank 
for each size. 

There was no definite correlation between weighted 
rank and the yield point or the ultimate strength. The 
weighted ranks were apparently higher in steels with 
lower strengths, due largely to the abnormally high 
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values of yield points and ultimate strengths for steel 
144, which were imparted by low finishing temperature 
in rolling. With the elimination of these values from 
consideration in the as-rolled plates, there was practically 
no correlation in this condition. In the normalized con- 
dition, there was no relationship whatsoever. 

Also there was no definite correlation between the 
weighted rank and the elongation. For '/,-in. as-rolled 
plates, in general, the steels having the highest weighted 
rank had high values of elongation. However, this re- 
lationship did not exist in normalized '/,-in. plates, or in 
any of the '/»- or */,-in. plates. 

The relations of angle at maximum load to the tensile 
properties are shown in Fig. 25. As explained previ- 
ously, the angle at maximum load was assigned the 
greatest weight and dominates the weighted rank values. 
The curves in Fig. 25 follow very closely those of Fig. 24, 
and no good relationship was found between the angle at 
maximum load and the tensile properties for any of the 
plates. 

Because failures in the plates were considered unde- 
sirable, it was deemed advisable to determine whether 
any of the tensile properties influenced the location of the 
failures. The relation between the percentage of plate 
failures and the tensile properties is shown in Fig. 26. 
It should be noted that the scale is reversed, so that 
steels with the least percentage of failures (considered 
the most desirable are placed at the right. It is evi- 
dent that there is no definite correlation between the 
percentage of plate failures and any of the tensile proper- 
ties. 

There was an apparent correlation between weighted 
rank and Vickers numbers of the unwelded plates in the 
as-rolled '/,-in. thickness (Fig. 27). "There was no corre- 
lation for the normalized '/,-in. plates or for any of the 
other thicknesses. There is no correlation between the 
weighted rank and either the highest Vickers numbers or 
the increase in Vickers numbers. The numbers for the 
unwelded plates lie within a rather narrow range (145 
to 180), most of them between 150 and 170. After weld- 
ing, none of the Vickers numbers were high—the great- 
est increase in the as-rolled plates being 100 in steel 144 
(*/e-in. thickness) and in the normalized plates about 115 
in steel 147 ('/2-in. thickness). 

The relations between the angles at maximum loads 
and Vickers numbers are shown in Fig. 28. It is evident 
that there was no good correlation in either the rolled or 
the normalized conditions. 

The relations between the percentage of plate failures 
and Vickers numbers are shown in Fig. 29. There was 
no correlation in any thickness or condition. 

Figures 30, 31 and 32 show, respectively, the relation of 
weighted rank, angle at maximum load and percentage 
of plate failures to the chemical compositions of the 
plates. The percentage by weight of each of the 10 ele- 
ments listed in the first column of each chart is shown for 
each steel and thickness. The chemical compositions of 
the as-rolled and normalized steels are the same, since 
they were taken from the same original plate, but the 
as-rolled and normalized steels are plotted separately to 
show the relation of chemical compositions to the ratings 
for both conditions of treatment. It will be noted also 
that the compositions for the different sizes of the vari- 
ous steels were not always the same, because the plates 
of different sizes were probably furnished from different 
heats. 

It is difficult to draw definite conclusions on the effect 
of each chemical element. In some steels certain ele- 
ments were found only in small or insignificant amounts; 
in others the effect of one element was offset or masked 
by one or more other elements which might have had an 
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Fig. 24—-Relation of Weighted Rank to Tensile Properties 


appreciable influence on the weldability of a steel. The 
results for some steels in the normalized condition were 
widely different from those obtained on the same steel in 
the as-rolled condition, making it difficult to ascribe 
inferior bending properties or location of failure to a 
particular element. The effects of these elements are 
summarized below. 

1. Carbon. The range of carbon was 0.10 to 0.20%. 
In the as-rolled condition, the steels having less than 
0.15% of carbon had greater angles of bend and higher 
weighted ranks than those having more carbon. In the 
normalized condition, the carbon had no appreciable 
effect on the angle of bend or the weighted rank. Carbon 
had no effect on the number of plate failures. 

2. Manganese. The manganese did not exceed 0.70% 
except in steel 144, which in the as-rolled condition had 
the greatest number of plate failures, the lowest angles 
of bend and the lowest weighted ranks of any steel. 

This steel was very “‘dirty,’’ containing many inclu- 
sions of manganese sulfide. Usually dirty steels have 
poor welding quality because of discontinuities at the 
inclusions which decrease the ductility, especially trans- 
versely, and prevent good cohesion between the weld 
metal and the plate metal. These effects are greater if 
the steel has been finish-rolled at low temperatures to 
increase the tensile properties. 

It is evident from Figs. 30, 31 and 32 that as the amount 
of manganese is greater the angle of bend and the 
weighted rank are less and the number of plate failures 


is greater. This effect is less marked in the normalized 
condition. 

3. Phosphorus was an alloying element in one steel, 
149. Although the angles of bend and weighted rank 
were good, there were many plate failures. 

4. Sulphur was present from 0.019 to 0.044% and 
in this range had no appreciable effect on the welding 
quality. 

5. Silicon between 0.14 and 0.21% had no appreci- 
able effect on the welding quality. 

6. Nickel in alloying amounts was present in four of 
the six steels, ranging from 0.60 to 2.32%. Some steels 
with appreciable amounts of nickel had high weighted 
ranks and high angles of bend, others had low values. 
Nickel did not have an appreciable effect on the bending 
properties of the steels. Other elements in these steels 
had as much or more effect on these properties than 
nickel in the range of compositions investigated. 

7. Chromium was present in such small amounts 
that no conclusions could be drawn as to its effect on the 
welding quality. 

8. Copper in amounts of 1% or more was present in 
three steels, all of which contained nickel, and one of 
which, 149, contained about 0.12% of phosphorus. For 
steels 146 and 147 in the as-rolled condition the angles 
of bend and the weighted ranks were good, but they were 
slightly low for steel 149. Steel 146 had the lowest per- 
centage of plate failures of the as-rolled steels, while 
steels 147 and 149 had high percentages. In the normal- 
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Fig. 27—-Relation of Weighted Rank to Vickers Numbers 


ized condition, steels 146 and 149 had about the same 
values of weighted rank and angles at maximum load as 
in the rolled condition, and steel 147 had considerably 
higher values. All steels had somewhat lower per- 
centages of plate failures in the normalized condition 
than in the rolled condition. The high-copper steels 
containing nickel consistently had high values of weighted 
ranks and angles at maximum loads. Copper-nickel 
steels had good bending properties after welding. Steel 
149, containing 0.12% of phosphorus and 0.60% of 
nickel, had bending properties somewhat inferior to 
steels 146 and 147, containing normal phosphorus, 
1.00% of nickel, and 2.00% of copper. 

9. Molybdenum. Only one steel contained molyb- 
denum. This steel also contained approximately 2% of 
nickel. In the as-rolled condition the weighted rank and 
angles at maximum load were low and the percentages of 
plate failures high. In the normalized condition the 
bending properties were improved considerably and the 
steel was satisfactory as to welding quality. 

10. Vanadium was found in only one steel, 144. In 
the as-rolled condition, there were many plate failures 
and the angles and weighted ranks were low. In the 
normalized condition, however, there were fewer plate 
failures; the angle of bend and the weighted ranks were 
high. The effect of vanadium may have been masked 
by the high manganese content. It is believed from 
previous tests that vanadium is beneficial in medium 
manganese steels. 


VI. Partially Completed Tests 


In addition to the six steels which were investigated 
completely under all of the proposed conditions of weld- 
ing and testing, several other steels were investigated 
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only in part. The complete program of bending 408 
specimens for each steel required considerable time; 
therefore if bending tests at room temperature indicated 
that the welding quality of a steel was poor, no tests were 
made at low temperatures. 

For some steels only sufficient material was furnished 
for the tests at room temperature and for others only the 
'/, and '/,-in. plates were submitted. 

The reasons for not making all of the tests are as 
follows: 


Steel Reasons for Not Making All of the Tests 


138 Failure to comply with requirements for tensile 
properties, type II fractures 

140 Failure to comply with requirements for tensile 
properties, type III fractures 

141 Failure to comply with requirements for tensile 
properties, low bending angle, type III frac- 
tures 

143. Lowangle of bend, type III fractures 

145 Laminated plates, low angle of bend, type III 
fractures 

148 Lowangle of bend, type III fractures 

157 Laminated plates, low angle of bend, type III 
fractures 

161 Type III fractures 

163 No. */,-in. plates, low angle of bend, type II 
fractures 

166 No. */,-in. plates. Failure to comply with re- 

quirements for tensile properties 

168 No. */,-in. plates 

201 No. */,-in. plates. Low bending angle, type II 
fractures 


The weighted ranks and order number of all steels 
tested at room temperature are given in Table 12. 
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Table 12—Total Weighted Rank 
{Specimens welded and tested at room temperature] 


Total weighted rank and order number 


Steel As-tolled Normalized 


Min. | Min. | % in. “in. | Order No. 


SESLS 

| F 

| 


It is believed that to be satisfactory for welding a steel 
should have a weighted rank of 50 in each thickness, 
one-half of the possible maximum weighted rank. 

Steels 138, 139, 146, 166 and 168 in the as-rolled condi- 
tion were the only ones which complied with this require- 
ment. The weighted ranks of steels 147 and 149 had 
slightly low values for the '/,-in. plate thicknesses. 
Steel 141 had a value of only 5 in the '/2-in. thickness. 
All other steels had low values in two or more thicknesses 
except steels 140 and 201, in which data were available 
for two thicknesses only. 

The order numbers indicate the relative welding 
quality of the steels in a manner similar to that of Table 
10. Two steels, 168 and 166, had higher ranks than steel 
146, but these were not submitted in three plate thick- 
nesses. Steel 166 also had low tensile strength. 

In the normalized condition the weighted ranks were 
considerably higher than for the as-rolled condition. 
All steels had values of 50 or more in this condition ex- 
cept 145 in.), 148 ('/4, 1/2 and in.), 157 (*/, in.), 
163 (4/4 and in.) and 201 ("/, in.). 

Normalizing greatly increased the welding quality of 
steels 144, 150 and 157. For steel 157 the weighted ranks 
for the '/4-, 1/2- and */,-in. plates as-rolled were 5, 7 and 
9, and after normalizing were 29, 54 and 72, respectively. 
The tensile strength of this steel was about 85,000 Ib. /in.? 
in the rolled condition and only about 64,000 Ib./in.? in 
the normalized condition, indicating that a considerable 
increase in tensile strength had taken place as a result of 
rolling. This is reflected in the low weighted rank values 
in the rolled condition. 

Steel 144, the Navy Department’s standard for con- 
struction purposes, likewise had low weighted ranks in 
the as-rolled condition—51, 28 and 20 for the three 
thicknesses. The corresponding weighted ranks for 
normalized plates were 96, 90 and 58. The steel also 
had been cold-finished in rolling to obtain high tensile 
strengths. 

It should be stated at this point that, although the 
manganese vanadium steel (144) does not show to 
particular advantage when compared with certain other 
steels in this method of determining welding quality, 
the use of this type of steel in naval construction should 
not, in the opinion of the authors, be discontinued on this 
basis alone. Experience has shown that manganese 
vanadium steel is reasonably satisfactory in actual use 
and that its quality has improved constantly during the 
period of about 7 years that it has been employed. 
It is not considered advisable to embark on the extensive 
use of another type of steel until it is possible to conduct 
further experimentation at full scale, such as the con- 
struction of several vessels to prove the actual advan- 
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Fig. 33—-Cast and Welded Fillets Tested in Tee Bend Jig 


tages of those steels which show to better advantage in 
the present test. Current conditions preclude such ex- 
perimentation, but it is hoped that after the present 
emergency such work may be undertaken. 

Of like interest is the inconsequential improvement of 
steel 148. This steel was extremely dirty (Fig. 1), to 
which poor welding quality was agcribed. Welding 
quality was not improved to any appreciable extent by 
normalizing, the weighted rank of the normalized speci- 
mens being far below that desired for weldable steels. 
This steel had the second lowest order in the as-rolled 
condition and the lowest in the normalized condition. 

From most of the tests, the steels which had been 
rolled at low temperatures in order to procure increased 
tensile strength generally had poor bending properties 
in the |-bend test. Many of these steels had considerably 
improved bending properties when the plates were 
normalized before welding. 

Most of the excessively dirty or laminated steels did 
not have good bending properties. Such steels cannot be 
improved materially by normalizing, since non-metallic 
inclusions cannot be eliminated or reduced by heat treat- 
ment. 


VII. Tests of Cast and Welded Fillets 


A simple demonstration was made to show that the 
results of the T-bend test depended not on the size and 
shape of the specimen, but on the effect of welding on 
the plate metal. Several cast-to-shape specimens were 
prepared from steels of different carbon contents; some 
were |-specimens with cast fillets; others were [- 
specimens cast without fillets, which later were welded 
in the same manner as the other |-specimens. 

The specimens with and without fillets were poured 
adjacent to each other in the same mold and from the 
same molten metal, so that variables were a minimum. 
All of the specimens were normalized at 1650° F. before 
the fillets were welded. Specimens with the cast fillets 
had bending properties superior to those of the speci- 
mens with welded fillets. Examples of the specimens of 
0.10% C steel are shown in Fig. 33. The specimen at 
the top with the cast fillets had an angle of 66° at maxt- 
mum load and bent to 120° without failure. The speci- 
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men at the bottom with the welded fillets had an angle 
of 52° at maximum load and bent only to 63° before 
failure in the plate with a sharp report (Type III frac- 
ture). 

Similar tests made on the specimens of 0.20, 0.30, 0.40 
and 0.50% C steels gave similar results. The speci- 
mens with welded fillets, normalized after welding, had 
bending properties similar to those for the specimens 
with the cast fillets. 


VIII. Tests of Specimens of Various Widths 


The nominal width of the specimens was 1'/, in. To 
determine whether variations in this width would cause 
appreciable differences in the bending properties, speci- 
mens of widths ranging from '/: to 1'/, in. were machined 
from the same welded joints in '/:-in. plates and tested. 

The maximum loads were less for the narrow speci- 
mens and higher for the wider specimens than for those 
of nominal width. This was due primarily to the mass of 
metal in the joint as previously discussed. 

In the range from about */, to 1'/2 in., the angles of 
bending were not affected to any appreciable extent, all 
values falling within the usual scatter of the nominal 
size specimens. The specimens */, in. or less in width 
bent with slightly larger angles than normal, caused 
probably by edge effect. The specimens wider than 1'/, 
in. could not be tested because of the limitations of the 
jig. 
The type of fracture was the same regardless of width. 
It was not possible to change the type of fracture of the 
nominal width specimen from sharp (Type III) to 
gradual (Type II) or from plate (Types II and III) to 
bond or weld (Type I) or vice versa by either increasing 
or decreasing the width of the specimen. 

The results of these tests indicate that minor depar- 
tures from*nominal widths such as might be caused in the 
machining of the specimens had no appreciable effect on 
either the angle of bend or the type of fracture. 


IX. Summary 


A method for testing the welding quality of steels has 
been described. Specimens of double fillet welded T- 
sections were bent in a special bending jig. 

Eighteen steels, generally in three thicknesses, '/,, 
'/, and */, in., and in two conditions, as-rolled and 
normalized, were tested. Some specimens were welded 
when the plates were at room temperature, others were 
made when the plates were at subnormal temperatures 
as low as —20° F. The bend tests were made on these 
specimens at temperatures ranging from 70° to —20° F. 

The angle of bend at maximum load and the type of 
fracture were the principal factors in determining the 
welding quality. 
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A special method of analysis was used to evaluate the 
data. 

No good correlation was found between the welda- 
bilities and any of the usual tensile properties or the 
Vickers numbers of the steels; therefore they cannot be 
used for determining the welding quality. 

Usually the normalized plates had higher welding 
qualities than the as-rolled plates of the same steels. 
due probably to the relief of stresses set up during rolling 
and to a more homogeneous structure of the metal. 

Most of the ‘‘dirty’’ steels had lower welding qualities 
than the clean steels. 

The austenitic grain size and the grain coarsening 
temperatures apparently had little effect on the welding 
qualities. 

The steels containing nickel and copper had the high- 
est welding qualities of the steels tested, while those con- 
taining more than 0.70% manganese had the lowest 
welding qualities. Phosphorus greater than 0.10°% also 
is believed to contribute to low welding quality in steels. 

The plates welded at low temperatures had lower 
angles of bend and more plate metal failures than those 
welded at room temperature. The temperature of the 
testing apparently had more effect on the angle of bend 
and on the plate metal failures than the temperature of 
the plates when welding was begun. 

This bend test provides a reliable means for determin- 
ing the welding qualities of steels. A structural weld is 
tested without machining the surface, leaving the welds 
intact as deposited. The reproducibility of results of the 
duplicate specimens is excellent. The angle of bending 
and the kind, extent and location of the fractures are 
important criteria of welding qualities of steels and are 
not a function of the shape of the specimen. 

The conclusions expressed in the foregoing paper are 
the personal opinions of the authors, and in no way ex- 
press the opinions of the Navy Department and the 
National Bureau of Standards. 
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Photoelastic stress concentrations of 6 to 8 at the root 
and 2 to 6 at the toe on the middle bar were reported. 


There was no appreciable stress concentration in the 
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cover plates of end fillet models except near the ends of the 
welds, the estimated unit stress perpendicular to the 
weld being 10% higher at the ends than elsewhere. 


Breaking Strength 


Throat.—The majority of investigators show that the 
unit breaking stress is constant regardless of throat 
dimension at least from 0.1 to 1.0 in. 

An English investigator using covered electrodes 
showed that the maximum unit stress on the gross 
throat, Fig. 1, averaged 68,000 lb./in.* and on the miter 
throat 72,000 Ib./in.? for gross throats ranging from 0.22 
to 0.52 in. The individual maximum unit stresses on 
the gross throat ranged from 63,000 to 80,000 Ib./in.? 

American investigators using covered electrodes found 
that welds, Fig. 2, with '/,4-, '/2- and */,-in. legs had 
75,100-77,600 Ib./in.2 maximum unit stress on the 
throat, through which failure occurred. Removal of 
craters and avoidance of irregular weld dimensions are 
particularly stressed as necessary for the best results. 

Root Fusion.—Lack of root fusion reduces the strength 
of end fillet joints. Although there are not sufficient 
data to warrant inclusion in the Summary, the reader is 
requested to study the sections of the Review on Length 
of Weld, Friction, Laminations, Stress in Bars, Eccen- 
tricity of Welds and Heat Treatment. 

Scatter.—The Structural Steel Committee showed that 
the scatter of results with end fillets is greater than for 
side fillets. A statistical analysis of 423 end fillet speci- 
mens, Fig. 6, and a similar number of side fillets and butt 
welds revealed that the mean deviation (sum of devia- 
tions from the mean, irrespective of sign, divided by the 
number of observations) expressed as a percentage of 
the mean maximum unit throat stress was 19.5% for 
end fillets, 13.9% for side fillets and 8% for butt welds. 
The scatter was greater for vertical welds (mean devia- 
tion = 23%) than for flat and overhead welds (15% and 
18%). The vertical welds also were weaker than the 
others, 61,000 Ib./in.? on throat compared with 74,500 
and 72,000 Ib./in.’, respectively. Similar differences in 
strength and scatter were found between flat and vertical 
butt welds, but not between flat and vertical side fillets. 
Restricting the analysis to Grade A electrodes, the mean 
deviation was reduced by 1 to 6% in all positions, and 
there were no specimens with unusually low strength. 
It was concluded that the skill of the welder was less 
important for strength and scatter than the type of 
electrode for Grade A electrodes, but that for inferior 
electrodes the skill of the welder was the more important 
factor. 


Inclined Fillets 


Investigators, Fig. 8, agree that the maximum unit 
throat stress for inclined fillets is intermediate between 
the values for side and end fillets. 


Compression 


End fillets are at least as strong in compression as in 
tension. 


Strength of Weld Metal 


The maximum unit throat stress generally is a little 
higher than the tensile strength of weld metal. In one 
investigation the maximum unit stress on the gross 
throat averaged 68,000 Ib./in.*, which was the upper 
limit of the tensile range of all-weld-metal (63,000- 
67,000 Ib./in.?). 


Non-Symmetrical End Fillet Welds 


Single-Welded Lap Joint 


Single-welded lap joints in */s-in. plates made with 
covered electrodes (welds */s-in. leg, 4 in. long) had 
maximum unit throat stresses in tests of 50,000 Ib./in. 
without joggling and 44,000-48,000 Ib./in.? with jog- 
gling. Failure occurred through the throat. 


Double-Welded Lap Joint, Fig. 11 


Elastic stress concentration in photoelastic models in- 
creased rapidly if the overlap exceeded 4 or 5 T (T = 
thickness). The maximum unit throat stress is higher 
for the lap joints than for the symmetrical double-strap 
joints. Even with —2.4-mm. (0.095-in.) root fusion, 
Fig. 4, a /,6-in. fillet (covered electrodes) had a maximum 
unit throat stress of 67,000 Ib./in.*, although there was 
a tendency toward lower strength as root fusion became 
worse. Maximum unit throat stress was independent 
of leg length, at least from !/s to 5/;gin. About the same 
results were secured with the specimen in Fig. 11 (5) 
Series PK, Fig. 12, as with Fig. 11 (a). Aside from 
bending, there was no appreciable yield of the plates in 
any specimen. 


Joggled Joints 


Double-welded lap joints of the joggled or crimped 
type had a maximum stress concentration of 5.0 at the 
toe of the inner fillet in a photoelastic investigation. 


Single-Strap Joint, Fig. 15 


For the joint in Fig. 15 using covered electrodes, 
maximum unit throat stresses of 62,900, 50,900 and 
52,000 Ib./in.? were found as the leg was increased from 
1/,, through '/2, to */, in. The unit stress was about 
25% less than for a symmetrical joint (75,000—78,000 
Ib./in.”) and for weld metal (76,000 Ib./in.*). The welds 
failed on a plane between the throat and the axis of the 
load. 


Tee Joint (Cruciform Fillet) 


The maximum stress concentrations in a photoelastic 
model examined by one investigator, Fig. 18, were 2.4 
at the root and 2.0 at the toe, based on the uniform 
tensile stress in the vertical member. Three times as 
high stress concentration factors have been reported by 
other photoelastic investigators for double-strap and 
fillet welds. 

Using weld metal with over 72,000 lb./in.? tensile 
strength and the Tee joint in Fig. 15, American investiga- 
tors found a maximum unit throat stress of 61,000 
Ib./in.2, compared with 78,000 lb./in.? for double-strap 
end fillets of the same leg. The vertical plate was not 
beveled. 


Symmetrical Side Fillet Welds 


Elastic Stress Concentration 


The main facts about the distribution of elastic stress 
in side fillet welds are gathered in Fig. 24 (see earlier 
reviews). 


Breaking Strength 


Throat.—Some investigators report constant maximum 
unit throat stress regardless of throat (0.20 to 0.80 in.) 
Other investigators found that maximum unit throat 
stress was constant up to '/: in. leg, beyond which the 
strength decreased. Example: */,-in. fillets, Fig. 15, 
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had only 47,100 Ib./in.? compared with 54,000 Ib./in.* 
for and */2-in. fillets. 

Root Fusion.—Deficient root fusion, Fig. 31, seems 
to weaken side fillets less than end fillets, Figs. 5 and 12. 

Length.—It is a question whether the maximum unit 
throat stress remains constant or decreases as the welds 
are lengthened. In the well-conducted tests of Table 
10, the strength was constant regardless of length (1'/» 
to 4 in.). On the other hand, it was found that the 
maximum unit throat stress on machined welds up to 
a length/throat ratio of 20 decreased only a few per 
cent, but at higher ratios, for example, 50, the decrease 
was over 20%, and was due to the increase in stress 
concentration at the ends of the welds with increasing 
ratio. 

Stress in Bars.—Whether the unit stress in the bars 
during one set of tests reached a maximum of 33,500 
or of 67,000 lb./in.2, the maximum unit throat stress 
remained the same. Others found that the maximum 
unit throat stress decreased, Figs. 33 (a), (6) and (c), 
as the unit stress in the bars was increased, Series F and 
S. Perhaps high stresses in the cover bars destroyed 
friction. 

Scatter.—The scatter of results with side fillet welds 
in the statistical analysis of 416 side fillet joints, Fig. 6, 
was intermediate between end fillets and butt welds 
(see section on Scatter under Symmetrical End Fillet 
Welds). Although there was no difference in mean 
maximum unit throat stress among flat, vertical and 
overhead welds, the mean deviation was 15-16% for 
vertical and overhead compared with only 11% for flat. 
These values were 2 to 4% lower and the strengths were 
3000 Ib./in.* higher, if welds made with Grade A elec- 
trodes only were considered. Abnormally low results 
never were obtained with Grade A electrodes. 

Compression.—Investigators report higher maximum 
unit throat stress for side fillets in compression than in 
tension. 

Strength of Weld Metal.—Table 15 shows that the 
maximum unit throat stress of side fillet welds is 64 to 
84% of the tensile strength of weld metal. 


Comparison of End with Side Fillets 
The maximum unit throat stress in side fillets is 


stated to be 60 to 100% of the maximum throat stress in 
end fillets. 


Symmetrical Box Fillet Welds 
In agreement with the Structural Steel Welding Com- 


mittee, two investigators found that the breaking load of 
box fillets (sometimes called compound or combined 
fillets) is the sum of the breaking loads of the side and 
end fillets alone. 


Plug and Slot Welds 


Tests of plug and slot welds almost always involve 
shearing stress at the faying surfaces. In the following 
section the expression “plug welds in tension’ signifies 
that the tension is applied parallel to the faying sur- 
faces, the weld being in shear. For “plug welds in com- 
pression,”’ the weld again is in shear, but the plates are 
in compression and tend to buckle. 

The following conclusions are suggested by the litera- 
ture. Plug and slot welds in tension and compression 
have 60-90% of the tensile strength of weld metal, 
based on the area of the hole. Low strength in tension 
is caused by eccentric specimens and by too large a hole. 
A large hole or slot permits failure to start at the cir- 
cumference and to spread progressively and sometimes 
diagonally across the deposit. Low current may lower 
the strength 30% owing to poor fusion. The depth of 
fusion at the bottom of the hole has been important, but 
the nominal shear area yields practically the same maxi- 
mum stresses as the actual area measured on the fracture. 
The ratio of diameter of hole to depth of filling is not im- 
portant unless it exceeds 4 or 6, beyond which the 
maximum stress falls rapidly. The full combined 
strength of both end fillet and plug has been secured in 
tension tests of combined fillet and plug joints, but the 
plates must be sufficiently wide to prevent necking at the 
plug. In compression: tests the full combined strength 
has not been atiained. Slot welds are more prone to 
weak, progressive failure than plug welds, although the 
two types exhibit the same maximum stress under 
favorable conditions. A slotted specimen of weld metal 
yields strengths close to those exhibited by plug and 
slot welds in which failure occurs by face shear through 
weld metal. 


Plug welds made in cylindrical holes having a diameter 
equal to the plate thickness plus °/;» in. have satisfactory 
penetration and fusion over the entire root area and this 
area may be used in safely designing at the working 
stresses ordinarily allowed for fillet welds. The nominal 
dimensions of the slot and the unit stresses ordinarily 
allowed for fillet welds are a suitable basis for the design 
of slot welds. 


Tests of Fillet and Plug Welds 


Introduction 


HE strength of fillet welds is a basic constant for 
all structural design, particularly bridges, buildings 


and ships. Besides varying with the strength of 
weld metal, the strength of fillet and plug welds may depend 
on workmanship, type of joint and other factors. The 
purpose of the present review is to summarize literature 
on static tests of fillet and plug welds, including stress dis- 
tribution and mode of failure, that has appeared since 
the publication of the report of the Structural Steel 
Welding Committee in 1931. The committee tested 
bare electrode welds, which now are known to possess 
somewhat different characteristics than welds deposited 
by covered electrodes. No reference is made in the 


review to moment-resisting fillets, such as beam-column 
connections. Earlier reviews including moment-resist- 
ing fillets have been made by Girkmann,' Denaro* and 
Solakian.’ Anyone interested in the subject of fillet 
weld testing will have read Gardner’s papers*: * in their 
entirety. The term “maximum throat stress” used in 
the review is the maximum load divided by the throat, 
usually 0.707 times the leg of the fillet. 


Symmetrical End Fillet Welds 


Elastic Stress Concentration 


In the absence of convincing theoretical analysis, 
reliance is placed upon photoelastic and extensometer 
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measurements on specimens whose width was only a 
fraction of the throat. Photoelastic stress concentra- 
tions of 6 to 8 at the root and 2 to 6 at the toe on the 
middle bar were reported by Solakian for end fillets. 
There was no appreciable stress concentration in the 
cover plates of Solakian’s*® end fillet models except near 
the ends of the welds, the estimated stress perpendicular 
to the weld being 10% higher at the ends than else- 
where. The “welds” were 2'/s in. long, nearly '/s-in. 
throat. 

Extensometer measurements were made on 0.38- and 
0.79-in. gage lengths by Bierett and Griining, whose 
mild steel models were only 0.42 in. wide, although the 
throat of the welds was 4.5 in. At an average stress of 
11,000 Ib./in.*? the maximum extrapolated stress concen- 
trations in 45° end fillets without friction were 3.9 at the 
toe on the middle bar, 3.8 at the root. The throat was 
not studied. With 40% of the load absorbed by friction 
created by packing the slots in the models, the maximum 
stress concentration again appeared at the toe of the 
middle bar, but dropped to 3.0. With 30-60° welds 
without friction the maximum stress concentration was 
3.2 and occurred at the root. Friction, which absorbed 
24% of the load, reduced the maximum stress concen- 
tration to 2.0 at the toe on the cover bar, the maximum 
at the root being reduced to 1.4. 


Deformation 


The brittle varnish method was used by Cymboliste 
and Gerbeaux’ to show the onset and progress of per- 
manent deformation in end fillet welds, the middle bar 
being 1°/, in. thick, the cover bars 7/s in. thick. The 
specimens were only '/, in. wide, being cut from longer 
welds. Only the cross section of the joint was studied, 
and the results were expressed as a ratio K of the load at 
which permanent deformation began in the joint to the 
load at which permanent deformation began in a uniform 
bar of the same thickness as the throat of the fillet. The 
ratio K was 0.55 for a concave 45° fillet; 0.63 for flush 
45° and 30-60° fillets and 0.20 for a flush 45° fillet with 


Table 1—Tests of End Fillet Welds by Gardner,‘ Fig. 4 


deficient root fusion on the cover bar. The last result 
is surprising and was not explained. Permanent de- 
formation (cracks in the varnish) appeared first at about 
20,000 Ib./in.? at the root of the weld and spread ap- 
proximately along the throat. The yield stress (20,000 
Ib/in.*) was about half the breaking stress on the throat. 
Investigation’ of end-fillet welded elliptical reinforcing 
straps 0.20 in. thick on a plate 0.52 in. thick by the 
brittle varnish method revealed initial permanent de- 
formation at the toe of the weld on the surface of the 
middle bar at the ends of the strap. Yield began at 
about half the breaking load. Of course, the cross 
section was not examined, and it is possible, although not 
probable, that initial permanent deformation may have 
begun at the root. In the same way Kayser® showed 
that initial permanent deformation (cracks in brittle 
varnish) occurred at the toe of the end fillet on the middle 
bar in a rectangular, end fillet welded reinforcing strap. 
Far higher yield values are reported by investigators 
using the stress-strain curve of end fillet welded joints as 
their criteria. Initial yield at the root exerts very little 
effect on the stress-strain curve measured over a 2-in. 
gage length straddling the weld. Although Hankins and 
Brown® found that it was impracticable to measure the 
yield load, because the deformation was too small, they 
stated that yield occurred in their welds at 80 to 100°, 
of the maximum load. In Gardner’s‘ tests yield was de- 
fined in two ways: (1) strain 50% greater than indicated 
by the extension of the straight section of the load-strain 
curve, strain being measured on 2-in. gage lengths 
straddling the end fillet; (2) total extension of 0.002 in. 
on the gage length. The yield according to Definition 
1 occurred at 76 to 95% (average = 82%) of the maxi- 
mum load, while according to Definition 2 yield occurred 
at 78 to 97% (average = 89%) of the maximum load. 
The welds were 2'/: to 5'/2 in. long afid the gross throat, 
Fig. 1, increased from 0.22-0.52 in. in 28 specimens. 
The throat dimension had no effect on the yield ratio 
by either definition, but in many specimens there was 
10% or 15% difference between the two yield ratios. 


Maxi- Maximum Throat’ Ratio of 
Size of Weld Profile mum Stress Yield to 
Concave Leg Total Unit Theoret- Maxi- Maxi- 
Convex Equivt Throat Thickness Length Length Linear Gross ical mum mum 
Speci- Leg Leg Length, Theoret- Ratio, of Load Throat, Throat, Stress Exten- 
men Series Length, X 1.414, Gross, ical, to + lm, Welds, Ww, to fm, ‘1, sion, 
No. Letter Im, In. le, In. tg, In. im, In. R, In L,In. Kips/In. Kips/In.? Kips/In.* % % em, In. Remarks 
1 A 0.235 0.220 0.166 0.947 6.06 13.8 62.9 83.2 87 94 0.035 
2 A 0.297 0.250 0.210 0.842 6.00 18.7 74.8 89.0 84 87 0.042 
3 A 0.297 0.220 0.210 6.740 5.94 14.8 67.0 70.2 76 92 0.033 
4 D 0.320 0.230 0.226 0.750 11.40 14.6 63.1 64.5 83 88 0.045 Fg = 28.9 Fe = 57.3 
5 D 0.324 : 0.239 0.229 0.738 10.00 16.1 67.4 70.5 85 89 0.047 Fg = 32.0 Fe = 51.7 
6 D (0.328) 0.345 0.236 0.232 0.720 9.8 16.0 67.6 68.9 83 95 0.040 Fg = 31.2 Fe = 50.2 
7 D (0.375) 0.35 0.244 0.244 0.650 6.00 17.2 70.5 70.4 78 90 0.046 Fg = 38.6 Fe = 45.7 
8 D (0.383) 0.368 0.250 0.250 0.653 11.00 15.7 62.7 62.7 76 81 0.038 Fg = 30.7 Fe = 62.8 
0) A 0.375 Loe 0.260 0.260 0.604 6.19 16.7 64.0 64.0 83 95 0.032 
10 A 0.391 0.280 0.276 0.718 6.10 19.4 69.4 70.5 81 88 0.045 
ll D 0.405 0.320 0.286 0.790 5.48 23.0 71.5 80.0 79 89 0.053 Fg = 41.9 Fe = 37.4 
12 A 0.422 <2 0.330 0.297 0.783 6.20 21.5 65.2 72.4 ‘ ; as No extensions recorded 
13 Cc (0. 480) 0.440 0.311 0.311 0.648 5.80 21.6 69.6 69.6 83 93 0.101 
14 . 0.453 ae 0.327 0.320 0.721 6.00 21.6 66.3 67.6 93 97 0.040 
15 Cc 0.463 wes 0.418 0.327 0.904 5.92 27.8 66.5 85.1 83 87 0.073 
16 A (0.485) 0.468 0.330 0.330 0.682 6.00 21.0 63.3 63.3 7 89 0.048 
17 D 0.484 _ 0.406 0.342 0.842 6.00 26.6 65.9 75.9 75 88 0.077 F'g =38.1 Fe = 37.2 
18 A 0.485 0.390 0.343 0.804 5.94 27.1 69.6 79.1 78 83 0.051 
19 Cc 0.500 ; 0.380 0.353 0.760 5.88 25.8 67.8 73.0 79 92 0.050 
20 c (0.640) 0.538 0.380 0.380 0.594 6.00 24.6 65.0 65.0 95 97 0.042 
21 * (0.617) 0.579 0.409 0.409 0.664 6.00 29.1 71.3 71.3 88 92 0.046 
22* 0. 586 0.441 0.414 0.753 5.80 37.4 79.5 84.9 No extensions recorded 
23 Cc (0.648) 0. 607 0.429 0.429 0.662 6.00 27.0 62.7 62.7 94 96 0.048 
24 Cc (0.758) 0.610 0.431 0.431 0.568 5.00 28.3 65.7 65.7 78 78 0.098 
25 Cc 0.639 vr 0.497 0.451 0.780 5.75 33.2 66.9 73.4 76 79 0.090 
26 Cc (0.750) 0.647 0.457 0.457 0.609 5.60 33.4 73.0 73.0 79 81 0.109 
27 Cc (0.750) 0.724 0.512 0.512 0. 682 5.00 33.9 66.1 66.1 90 94 0.061 
28 Cc (0.755) 0.736 0.520 0.520 0.690 5.53 35.6 68.2 68.2 7 85 0.109 
29t oy 0.773 ‘ 0.589 0.546 0.783 5.80 31.4 52.3 57.5 87 88 0.100 
Averages 67.7 71.9 82 89 0.058 Spec. No. 29 omitted 


* Horizontal legs (shear) 20% longer than vertical legs (tension). ; ' 
t Fracture occurred in middle bar adjacent to shear legs of test fillets. Plate appeared to be laminated. Max. stress on fractured area was 39,400 Ib. /in.*. 
Norse: 1. See Fig. 1 for explanatory sketches. 
2. Series D: Fg = Maximum stress in middle bar in kips/in.? Fe = Maximum stress in cover bar in kips/in.* 
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CONVEX FILLETS 


CONCAVE FILLETS 


tm 


le*tg tg=tm 
Fig. 1—End Fillet Showing Gross and Theoretical Throat 
Gardner‘ is the only investigator who accurately measured the 


throat. tg = gross throat; tm = miter or theoretical throat. 

8’ 

9” 
434 
Bar b 


Fig. 2—Double-Strap End Fillet Specimen Used by Godfrey and 
Mount!* 


All welds were made in a horizontal position using °/3: in. diam- 
eter covered wire electrodes. The '/,-in. fillet welds were made 
with one pass of the electrode, '/.- and #/,-in. sizes were made with 
several passes; all welding was done by a qualified welder. The 
weld specimens, which were made of plain carbon steel, were not 
stress-relieved. 


The maximum extension at fracture in Gardner’s‘ 
tests averaged 0.058 in., Table 1, being 0.032—0.047 in. 
up to */s-in. leg, and increasing to 0.061—0.109 in. for 
*/,in. leg. The maximum extension was the only 
quantity that varied consistently with leg size. Gardner 
concluded that the inability of bare electrode weld metal 
to exhibit more than 80% of its tensile strength in end 
fillets was related to its inability to deform without 
cracking. Clarke’® reported that the cover bars of the 
joints he tested (welds 1'/. in. long, */,.-in. throat, flux- 
covered electrodes) stretched '/, in. before fracture. 
The cover bars were '/, in. thick, 4 in. long, the middle bar 
being '/. in. thick. Failure occurred along the leg of the 
welds on the middle bar at a throat stress of 50,000- 
53,000 Ib./in.*, yield stress = 37,000—38,000 Ib./in.’. 
The yield and tensile strengths of the cover and middle 
bars were 42,000 and 63,000 Ib./in.’, respectively, and it 
may be concluded that the cover bars were stressed 
somewhat beyond their yield strength, locally or uni- 
formly during the test. In Gardner’s tests there was no 
appreciable stretching of either cover bar or middle bar. 

Fracture started at the root, as Gardner‘ demon- 
strated conclusively. Bibber’s" contention that per- 
manent deformation removes stress concentration in end 
fillets is not substantiated. If craters were present, 
fracture started at the ends of the welds in Freeman’s"™ 
tests. In the absence of irregularities, however, he 
found that fracture occurred simultaneously along the 
entire length of the weld. 


Breaking Strength 


Throat.—The majority of investigators show that the 
breaking stress is constant regardless of throat dimension 
at least from 0.1 to 1.0 in. Using 28 specimens, Table 
1, Gardner* showed that the maximum stress on the 
gross throat, Fig. 1, averaged 68,000 Ib./in.* and on the 
miter throat, 72,000 Ib./in.? for gross throats ranging 
from 0.22 to 0.52 in. The individual maximum stresses 
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on the gross throat ranged from 63,000 to 80,000 Ib./in.’, 
and all specimens fractured in the welds (no details). 
Later tests by Gardner? with laboratory specimens 
(1/s- to 5/;¢-in. leg) led to the same conclusion. Without 
measuring the throat from a cross section as Gardner 
did, Godfrey and Mount" found that welds, Fig. 2, 
with '/,-, and */,-in. legs had 75,100-77,600 Ib./in.* 


Root layer with electrodes 
0.13 in. diameter, subsequent 
layers with electrodes Ol6 
and 0.19 in. diameter. 


Machined 


Test Bar Model for the Examination of End Fillet Welds 
Results of tests made by a firm in Holland.” 
Results of Tests with End Fillet Welds 


Throat of the Total Load at Fracture Breaking Strength in Lb./In.* 

Weld, In. Lb. in the Cross Section 
0.08 36,300 69,700 
0.12 49,300 64,000 
0.16 63,200 61,400 
0.20 77,700 60,700 
0.24 84,800 ® 52,700 
0.28 102,000 51,800 
0.32 125,000 54,600 
0.36 121,000 49,200 
0.39 129,000 46,100 

als 
4016-020 


ar036°0.39 


a:0.24-028 


Filling Welds in Layers Using the Various Electrode 
Diameters Specified 


Breaking strength 
of fillet weld in ib 


S@800} 
42700 
28400 
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Fig. 3 (a)—Relation Between Stren of End Fillet Welds and 
Various Throat Thicknesses 
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maximum stress on the throat, through which failure 
occurred. A Belgian firm™ reported 53,000 Ib./in.* as 
the maximum stress on the throat, which ranged from 
0.06 to 0.39 in. Presumably covered electrodes were 
used. Ro§ found 50,000 lb./in.? as maximum stress on 
throat regardless of fillet size (0.30- to 1.0-in. leg). 
There was a great deal of scatter in the results. For 
bare electrodes and machined fillet welds Bibber™ found 
an average maximum stress on the throat of 42,500 
Ib./in.2 for welds with 0.11 to 0.93 in. calculated throat 
(range was 36,500 to 50,000 Ib./in.*). Using bare and 
covered electrodes, Freeman™ found 68,000 Ib./in.? as 
the maximum throat stress regardless of fillet size ('/4- 
to '/»-in. leg, little scatter). 

Those who report a decrease in maximum throat stress 
with increase in throat have not presented their facts so 
convincingly as Gardner, Bibber and others. No de- 
scription was given by Hohn" of the tests he reported 
in 1935, and it is likely that the tests were made ten 
years earlier. The maximum throat stress decreased 
from 54,000-67,000 Ib./in.? with 0.24-in. leg to 28,000- 
52,000 Ib./in.? with 0.59-in. leg, the scatter being very 
large. A firm” in Holland tested machined end fillet 
welds without craters, Fig. 3 (a), the plate thickness 
being selected to force fracture (at practically 45°) 
through the weld. As the throat was increased from 
0.08 to 0.39 in., the maximum throat stress fell from 
70,000 to 46,000 Ib./in.? The results, Fig. 3 (0), secured 
by Vandeperre and Joukoff"* suggest a steep drop in 
maximum throat stress from about 50,000 to 35,000 
Ib./in.2 as the throat was increased from 0.20 to 0.79 
in. (no details). Also supplying no details of his speci- 
mens, the Director of Naval Construction!’ stated that 
as the throat (measured externally) was increased from ; 
0.09 to 0.53 in., the maximum throat stress dropped in ! 4 3 
an irregular way from 75,000 to 59,000 Ib./in.’, all frac- a 2 ° 
tures occurring in the welds. Tests recently conducted od 
by Hovgaard” on end fillets 2 in. long made with covered Lec OF FILLET INCH 
medium steel electrodes on medium steel bars (tensile Fig. 3 (c)—Results of Recent Tests on End and Side Fillets Reported 
strength = 60,000-66,000 Ib./in.*) showed, Fig. 3 (c), by Hovgaard™ 
that the maximum throat stress fell from 103,000 Ib./in.* 
at 0.09-in. throat to only 45,000 Ib./in.? at 0.8-in. throat 
(no details). 

Freeman” and Gardner® have shown that decrease in 
maximum throat stress with increase in throat occurs if 


3 3 


Breaking STRESS - KiPs/in? 


54900 


End fillet weld specimen with welding started and finished on 
temporary angle bars. 


ROLLED EDGE 
ON VERTICAL PLATE 


© €-im azo ose an 


Fig. 3 (b)—Static Tests of End Fillet Welds in Which Failure Oc- 
curred on the Throat. Vandeperre and Joukoff"* 
in tension after annealing at 900° C. 
urve 2. Broken in compression, as-welded led. 
Curve 3. Broken in Fig. 4—Specimens Used by Gardner‘ 


Curve 4. Broken in tension after quenching from 900° C. Fillet welds on '/;-in. plate with rolled edges to determine the 
D = results of Dustin; H = results of Héhn. degree of root penetration. 
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precautions are not taken to remove craters and ir- 
regular weld dimensions. In one of Freeman’s series of 
tests craters at the ends of the weld and, to a slight extent, 
eccentric load (Hankins and Allan* preferred self- 
aligning shackles to wedge grips) accounted for the ob- 
served decrease in maximum throat stress with increase 
in throat. Similar series of specimens with different 
throats but without craters exhibited constant maximum 
throat stress. Examining the workshop welds tested 
by Hankins and Brown,’ Gardner found, Fig. 22, that 
maximum throat stress decreased as the gross throat 
(measured on the cross section) was increased from 0.20 
to 0.35 in. Specimens that had unusually low strength 
had good root fusion, but were undersize over part of 
their length. The welds failed prematurely in the under- 
size portions. Presumably these irregularities in the 
size of the weld were most pronounced in the large 
welds. 

Root Fusion.—No weld up to */s-in. gross throat and 
with over —1.4-mm. (0.055-in.) root fusion, Fig. 4, in 
Gardner’s® tests yielded the expected maximum stress 
of 63,000 Ib./in.* calculated on the gross throat, Fig. 5. 
Additional tests on larger fillets were believed to be re- 
quired to determine whether greater lack of root fusion 
than —1.4 mm. was permissible without dropping below 
63,000 Ib./in.? 

Length of Weld.—Vandeperre™ stated without pre- 
senting evidence that the maximum stress is 30 to 40% 
higher for long welds than for short, because the ends of 
a weld cool more slowly than the middle portion. 

Friction.—Using the specimen in Fig. 6, Hankins and 
Brown® found that removal of friction between the cover 
bars and middle bar by cutting the parts of the middle 
bars lying between the cover bars lowered the strength 
25%. Two specimens with 0.21-in. average throat and 


without friction had 54,500 and 68,000 Ib./in.? maximum 
throat stress, compared with 81,000 and 99,000 Ib./in.*, 
respectively, for otherwise identical specimens with fric- 
tion. Bibber™ believed that friction had no effect on 
the strength of symmetrical end fillet joints, because they 
had the same strength as cruciform (T) joints (bare 
electrodes). 

Laminations.—A laminated middle bar in Gardner's 
tests, Table 1, Specimen 29, caused failure at unusually 
low stress. Sahling® showed that end fillets in wrought 
iron perpendicular to the direction of rolling had low 
strength, fracture occurring along the slag fibers. 

Stress in Bars.—Increasing the maximum stress in 
the bars from 33,500 to 67,000 Ib./in.2 had no effect on 
the maximum stress on the gross throat in Gardner’s* 
tests. The dimensions of the specimens were varied to 
secure different stresses in the bars. Jennings” found 
that failure occurred in the throat at a maximum throat 
stress of 78,000—80,000 Ib./in.? when the middle bar was 
cast steel (0.28 C, 0.86 Mn, 0.47 Si, 77,000 Ib. /in.* tensile 
strength), but occurred in the leg on the middle bar if it 
was mild steel (0.12 C, 0.50 Mn, 55,000 Ib./in. tensile 
strength). The cover bars were */, in. thick, middle 
bars 1 in. thick and the */s-in. fillets were 2'/» in. wide 
without craters, deposited with */,,s-in. covered electrodes 
(190 amp., tensile strength of all-weld-metal = 75,000 
Ib./in.2). The maximum stress along the leg on the 
middle bar was 51,000 Ib./in.*, which seems to have ex- 
ceeded the “‘shear”’ strength of the mild steel. However, 
the symmetrical end fillets tested by Clarke’? (see section 
on Deformation) failed along the leg on the middle bar 
at a “shear” stress of only 35,000—37,000 lb./in.’, al- 


though the tensile strength of the bar was 63;000 Ib./in.? 
Eccentricity of Welds —Specimen # tested by Stecker™ 
and had 72° of 


had eccentric welds, Table 2, the 


Fig. 4 (Continued)—End Fillet Weld Specimens and * Root Penetration Defined. Gardner® 


All fillet welds up to */s-in. leg, were single run welds applied in the downhand position; larger 


Sli were 
multi-run. Four sections of each specimen were cut, polished, etched and measured with a maanifyina alass 
having a fixed mm. scale. In each case average values of the leg and throat dimensions were computed The 
weld length of each specimen was notched with a saw cut through the mid-section perpendicular to the root 
and broken open; the average root penetration was then determined by measurements on both x and y legs. 
Many test specimens were prepared using 0.128-, 0.160- and 0.192-in. diameter electrodes on 8 ts A with 
varying current. Plate thickness ranged from '/, to 1 in.; fillet legs from #/\ to ®/s in.: and lenath of bead de- 


posited by a single electrode from 4 to 16 in. 


by both experienced and apprentice operators. 
000~72,000 Ib. /in.? 
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Welding was done in the flat and tilted positions and accomplished 
The plates were of mild steel having a tensile strenath of 63,- 
The yield strength of the plates was not reached in the tests. 
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strength of a similar specimen, E, without eccentricity. 
Formulas involving combined bending and tension pre- 
dicted that specimen F should have only 40% of the 


strength of E. 


Heat Treatment.—Without providing details, Conan 
perre and Joukoff* found, Fig. 3 (6), that quenching 
from 900° C. raised the strength, whereas annealing at 


900° C. weakened the welds. 


MAXIMUM GROSS THROAT STRESS AND ROOT PENETRATION. 


ENDO OR TRANSVERSE FILLET WELOS 


BUTT STRAP SPECIMENS. ELECTRODES Tyre ‘A’ 
FLLET SZC OR x FLLET SIZE OR + 
70, 
| 
« ! 


Fig. 5—Relation Between Maximum Throat Stress and Root Penetration as Illustrated by Gardner’ 


In Fig. 4, Type A electrodes satisfied the requirements of British Standard Specification 538 requiring mini- 
mum breaking stresses on the throat of end and side fillets of 60,500 and 40,500 lb./in.?, respectively. 


2 Holes dia. 
dia. 
{= = 


Type! = (a) 
Stee! Rule 
End Fillet Weld Specimen zZ 
2Holes dia. Type2 (a) 


Side Fillet Weld Specimen (a) 


Fig. 6—End and Side Fillet Weld Specimens Used by Hankins and Brown’ 


Methods of measuring the throat depth of fillet welds of various cross sections. Covered electrodes repre- 
sentative of British practice early in 1935 were used. Plates contain 0.23 C, 0.58 Mn, 0.05 Si, 0.028 S and 
0.032 P. Tensile strength = 67,000 lb./in.*, yield strength = 34,000 lb./in.*? and reduction of area = 53% 
The ends of all welds except the starting ends of the side fillets were machined. The throat was measured from 
the external dimensions of the weld; all failures occurred along the throat. All welds were single bead. 
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Fig. 7 


Breaking load, lb./in., of isosceles end fillets tested in various 
directions. Vandeperre and Joukoff.' 


Scatter —The Structural Steel Committee and Free- 
man” showed that the scatter of results with end fillets 
is greater than for side fillets. Maximum stresses 
ranged from 25,000 to 60,000 Ib./in.? in tests by Ro&"® 


Table 2—Effect of Eccentricity on Strength of Side and End 
Fillet Welds, Fig. 16. Stecker** 


Maximum Theo- 
Maximum Throat retical 

Type of Joint, Load, Stress, Maximum Maximum 

Fig. 16 Lb. per In. Lb./In.2. Load, Lb. Load, Lb. 
End A 12,600 71,200 25,200 26,600 
End B 10,000 ea 20,000 10,600 
End C 12,600 71,400 50,600 53,200 
End D 10,600 cai 42,200 21,200 
End E 13,000 71,900 51,900 53,200 
End F 9,400 Eiko 37,500 21,200 
Side G 9,700 54,800 38,800 42,400 
Side H 7,600 Pid 30,200 21,200 
Side I 10,100 57,100 80,800 84,800 
Side J 8,000 aed 64,200 47,400 


The specimens were made of structural steel with 5/3.-in. heavy 
coated electrodes depositing weld metal with 75,000 Ib. /in.* tensile 
strength, 25% elongation in 2 in. Welding was performed by a 
welding operator of a steel firm. 


on apparently similar specimens. A statistical analysis 
by Hankins and Brown® of 423 end fillet specimens, 
Fig. 6, and a similar number of side fillets and butt 
welds revealed that the mean deviation (sum of devia- 
tions from the mean, irrespective of sign, divided by the 
number of observations) expressed as a percentage of 
the mean maximum throat stress was 19.5% for end 
fillets, 13.9% for side fillets and 8% for butt welds. The 
corresponding standard deviations were 25.1%, 18.2% 
and 11%. The scatter was greater for vertical welds 
(mean deviation = 23%) than for flat and overhead 
welds (15% and 18%). The vertical welds also were 
weaker than the others, 61,000 Ib./in.* on throat com- 
pared with 74,500 and 72,000 Ib./in.2, respectively. 
Similar differences in strength and scatter were found 
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DIRECT LOAD 4; 


Maximum permissible load, lb./in., on isosceles end fillets. 
Vandeperre and Joukoff. 


between flat and vertical butt welds, but not between flat 
and vertical side fillets. 

When fracture occurred on the leg on the middle bar, 
there was less scatter, Table 3, than when fracture oc- 
curred through the throat on the leg on the cover bar, 


2 


4s 


Fig. 8—Static Tests of Diagonal Fillet Welds as a Function of the 
Angle Between Weld and Meet —_— by Vandeperre and 
oukoff* 


The curves represent four different series of tests. The vertical 
axis corresponds to a side fillet weld while the horizontal axis 
corresponds to an end fillet weld. Wide scatter was exhibited by the 
experimental results, presumably for the reason that the propor- 
tional limit of as-rolled plates varies with the inclination of the fiber 
to the load. It was difficult to get the welds exactly balanced about 
the axis of the load, hence some bending stress probably was 
present due to eccentricity to account for the scatter. 
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Fig. 9—Eight Specimens of End and Side Fillet Welds Used by 
Hankins and Allan” 


All fillet welds are */, in. except type 4A which has '/,-in. legs. 


or partly on g Bmw partly on the throat. However, 
the maximum throat stress was independent of type of 
fracture, and the scatter for the “shear” failures was 
greater than for side fillets. Restricting the analysis 
to Grade A electrodes (minimum requirements for all- 


weld-metal are: tensile strength = 63,000 Ib./in2, 
elongation in 3.54 X diameter = 20%, Izod value = 


30 ft.-lb.), Hankins and Brown showed that the maximum 
throat stress was raised 3 to 10%, the mean deviation was 


Table 3—Strength of End Fillet Welds, Fig. 6, with Different 
Types of Fracture. ins and Brown’ 


Mean 
Maximum 
Number Throat 
of Stress, Mean Deviation 
Type of Fracture Tests Lb./In.2- Lb./In.2 % of Mean 
Shear 189 70,100 12,500 17.8 
Tension 85 69,000 14,100 20.7 
Mixed 148 70,400 15,000 21.5 
Total or weighted 
average 422 69,900 13,700 19.6 


reduced by 1 to 6% in all positions and that there were 
no specimens with unusually low strength. It was con- 
cluded that the skill of the welder was less important for 
strength and scatter than the type of electrode for Grade 
A electrodes, but that for inferior electrodes the skill of 
the welder was the more important factor. Although 
Hankins and Brown found good agreement between the 
maximum load per inch of weld and the maximum throat 
stress, which indicates that errors in workmanship were 
unimportant, Gardner® showed that specimens made with 
inferior electrodes and exhibiting abnormally low strength 
were undersize over part of their length, premature fail- 
ure starting in the undersize portion and spreading 
through the inferior weld metal. 

Angle of Throat to the Load.—The angle between the 
applied load and the throat is 45° for the symmetrical 
end fillets having the cross section of an isoceles right 
triangle, which are the principal subject of the review. 
The effect on strength of varying the angle between load 
and throat is particularly important for moment-resist- 
ing fillets, which are not discussed in the present review, 
but are analyzed by Jensen.” Any moment existing 
in symmetrical end fillets in tension is neglected. 

As the angle between load and throat is decreased, the 


B 


Fig. 10 (2)—Compression End Fillet Specimens Used by Kist'* 


Fig. 10 (b)—Small and Large End Fillet Compression Specimens of 
Mild Steel Used by Paton and Shevernitsky”® 


The thinner plates were 0.71 in. thick, the thicker plates 1.18 in. 
thick. The welds were 0.39-in. leg deposited by covered elec- 
trodes at 155-165 amp. The smaller specimens (two were tested) 
failed at 68,500-71,500 lb. (approximately 53,000 lb./in.? on 
throat). The larger specimens failed at 132,000-145,000 lb. 
(approximately 54,000 Ib. /in.* on throat). 
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| Hankins,” Freeman” and Vandeperre," Fig. 8, agree 
is ; that the maximum throat stress for inclined fillets is 
, intermediate between the values for side and end fillets. 
= ' Specimen 6 of Hankins and Allan,** Table 4 and Fig. 9, 
| had machined fillets and exhibited a maximum throat 
Fig. 11 (a)—Double-Welded Lap Joint Specimen Showing Distortion stress of 50,000-52,000 in.’, cx ympared with 58,000- 
After Testing, with Dotted Lines 59,000 and 34,000 Ib./in.* for end and side fillets, re- 
For '/s- and #/j¢-in. test fillets the plate thickness was '/, in., and spectively. 
for '/,- and 5/,.-in. test fillets, the plate thickness was in. Gard- 
maximum throat stress likewise decreases, Fig. 7. 
Sanders* showed that as the angle between throat and 
load was increased from 0 to 90° in 15° steps in specimens , J : 
simulating end fillets machined from mild steel, the —— ¢-—— 
maximum throat stress increased steadily (ellipse) from 
43,500 to 69,500 Ib./in.?, which were the shear and tensile ENOS OF Wi mat TO BE MACHINED 
strengths, respectively, of the steel. According to 
és Kist,” whose experimental evidence is not too complete, aes ae i ) 
a the maximum throat stress is ; | 
€ 
of tensile strength of weld metal, | 
h V sin? a + 3 cos? a 7 | 
it where a is the angle between load and plane of fracture, eh Teor 
e which, by assumption, is the throat. The formula is — a Py 
h a statement of the theory of constant energy of deforma- ae: oa 
h tion, which usually is limited in scope to the elastic fig. 11 (b)—Specimen of a Double-Welded Lap Joint Used by 
|- state, where it is successful for steel. Gardner 
g 
LAP JOINT SPECIMENS, ELECTRODES TyPcs , 
+ TYPES OF CLECTROOES. = ° x. ‘o + 
ROOT PENETRATION IN 
-12 -29 -23. -13 
ong 
5 
| 
; SZE oF ve 6 
LENGTH B ROOT PENETRATION —— MINIMUM AVERAGE ROOT PENETRATION 
® a bad 
: 
Fig. 12—Diagram of Results of Lap Joint Specimens Compiled by Gardner’ 
>. Series PK were works check tests. Series A and D were welded in the flat position, D.C.; Series C in the 


tilted position, A.C.; and Series E in the tilted position, D.C. All plates were '/: in. thick. 
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Table 4—Tests of End and Side Fillet Welds, Fig. 9. Hankins 


and Allan”! 


Corrected Maximum 
Type of Joint, Fig.9 Yield Load, Lb. Throat Stress, Lb./In.? 


1 56,000—59,000 
2 81,000 58,000—59,000 
3 88,000 35,000—-37 ,000 


4 112,000 34,000 

AA 74,000-—105,000 37,000—43,000 
41,500-43,000 
50,000—52,000 


5 
6 (Machined welds) 105,000—114,000 
7 50,000-54,000 


7 56,000-85,000 
Average of two specimens made with covered electrodes. Plates 
were tacked before welding. Tensile strength of all-weld-metal = 
63,000 Ib./in.?, Except 4A, all had */s-in. leg; 4A had '/,-in. leg. 
Throat was computed from leg measured externally. (Gardner* 
found 5000 Ib. /in.? lower throat stress by basing calculations on the 
gross throat measured on the fractured specimen.) Electrodes 
either were '/s in. diameter, 105-110 amp., or 0.16 in. diameter, 
130-140 amp. 


WELDED ano SLOTTED 
| 


WELDED ano SLOTTED 
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i? 


SOLID ano SLOTTED 


— 
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ENLARGED VIEW : 
OF SLOT SLOT 3°LONG 


Fig. 13—Lobban’s” Double-Welded Lap Joint Specimens, and Un- 
welded Models Machined from Plates 


Compression 


Although Freeman” found that end fillets are at least 
as strong in compression as in tension, Vandeperre," Fig. 
3 (6), did not secure as high results. Freeman’s speci- 
mens buckled, whereas Vandeperre’s (no details) failed 
along the leg on the middle bar. The end fillet specimen 
with machined fillets '/,-in. leg, 2 in. long in Fig. 44 (6) 
failed at a maximum throat stress of 64,000 Ib./in.’, 
compared with 63,500 lb./in.* for side fillets, according 
to Loos and Dill.* Kist®” studied two specimens, Fig. 
10 (a). Specimen A (no details) failed through the 
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Fig. 14—Specimens 2 In. Wide Cut from Welds 12 In. Long Used 
by Haldane and Roberts.* Covered Electrodes Were Employed 


throat at a maximum throat stress of 58,000 Ib. /in., 
compared with 69,000 Ib./in.? for all-weld-metal. On 
the other hand, B withstood over 91,000 Ib./in2 At 
permanent compressions of 0.008 and 0.04 in., the throat 
stress was 54,000 and 78,000 Ilb./in.?, respectively. 
Weld metal under compression withstood 88,000 Ib. /in.2 
at a permanent compression of 0.008 in. (no details). A 
long end fillet failed at lower throat stress than a short 
end fillet in tests by Paton and Shevernitsky,” Fig. 
10 (bd). 


Strength of Weld Metal 


The maximum throat stress generally is a little higher 
than the tensile strength of weld metal.4%:” In Gard- 
ner’s‘ investigation the maximum stress on the gross 
throat averaged 68,000 Ib./in.*, which was the upper 
limit of the tensile range of all-weld-metal (63,000- 
67,000 Ib./in.*). End fillets deposited by bare elec- 
trodes had only 80% of the tensile strength of weld metal 
on account of its low ductility. The*tensile strength of 
the weld metal could not be used to predict the maximum 
throat stress in Hankins’ tests, low-strength weld metal 
in the vicinity of 65,000 Ib./in.? not always producing 
weak end fillets. The average tensile strength of weld 
metal was 68,000 Ib./in.*, while the end fillets averaged 
75,000 Ib./in.2 (flat position). Raising the tensile 
strength of weld metal from 52,000 to 72,000 Ib./in” 
in Freeman’s” tests seemed to have no effect on fillet 
strength. 


Non-Symmetrical End Fillet Welds 
Single-Welded Lap Joint 


Permanent deformation started at the toe of a single- 
welded lap joint in mild steel examined in a plastoscope 
by MacGregor.*® The joint had been annealed at 900° 
C. after are welding and no strain appeared at the root, 
which yields first in a symmetrical joint. 

Single-welded lap joints in */s-in. plates (welds */s- 
in. leg, 4 in. long) had maximum throat stresses in 
Gibson’s* tests of 50,000 Ib./in.? without joggling and 
44,000-48,000 Ib./in.? with joggling. Failure occurred 
through the throat. Hollis® reported 14,300 Ib. as the 
breaking load of a single-welded lap joint in mild steel 
1/s in. thick (no details), which was raised to 20,500 Ib. 
by tacking the open end of the lap with a small central 
tack. Tests (no details) described by Bright® suggest 
that the maximum throat stress of single-welded lap 
joints in plates '/, in. thick, 6 in. wide is about the same 
as weld metal (covered electrodes, failure through welds). 
Lillicrap™ tested single-welded lap joints but omitted 
essential details in describing them. According to 
Gardner,® visual inspection can be relied upon to detect 
low strength in single-welded lap joints (single pass) 
in wrought iron. 
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Fig. 15—End Fillet Weld Specimen Used by Godfrey and Mount!’ 


For a 4/,-in. weld leg both bars B and C are 5/1. in. thick, for a 
\/,-in. leg bars B and C are '/; in. thick, while for */,-in. leg, bars 


B and C are */,-in. thick. 


Double-Welded Lap Joint, Fig. 11 


Elastic stress concentration in photoelastic models 
increased rapidly if the overlap exceeded 4 or 5 7 (T = 
thickness), according to Smith.” 
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Fig. 16—-Ten Weld Specimens Used by Stecker* in an Effort to Determine the Effect of Eccentricity on the 
Strength of the Welded Joints 

Specimens were prepared from regular structural grade steel and designed to force failure to occur in the 

weld. Heavily coated 5/s:-in. diameter electrodes were used with the following specified properties: tensile 

strength, 75,000 lb./in.*; ductility 259% in 2 in.; impact 40 ft.-lb. Izod; density 7.82 gm./cc. 

was done by an experienced welder who deposited all fillets with '/,-in. legs. 


up to the yield point was 0.05 in. /min. 
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The double-welded lap joint, in Gardner's’ opinion, 
is a simple, inexpensive specimen without friction but 
with bending. He used two types of specimens, Figs 
11 (a) and (6), the former for laboratory welds, the latter 
for shop tests. If anything, the maximum throat stress 
was higher for the lap joints than for the symmetrical 
double-strap joints. Poor root fusion, Fig. 12, had less 
effect on the specimen in Fig. 11 (@) than on symmetrical 
joints. Fig. 5. Even with —2.4-mm. (0.095-in.) root 
fusion, Fig. 4, a °/;.-in. fillet had a maximum throat 
stress of 67,000 lb./in.*, although there was a tendency 
toward lower strength as root fusion became worse. 
Maximum throat stress was independent of length, 
at least from '/s to °/;, in. About the same results 
were secured with the specimen in Fig. 11 (b) Series PA, 
Fig. 12, as with Fig. 11 (a). Aside from bending, there 
was no appreciable yield of the plates in any specimen. 

Using the specimens in Fig. 13, Lobban® found a 
tensile strength of 46,000—48,000 Ib./in.* based on the 
thinner cross section of the plate for the specimen ma- 


FILLET AND PLUG WELDS 


I J 


All welding 
The rate of speed used"in testing 


173-8 


8" 
} 
be 
4 
Fis 
Be 
‘pre 
me, 
pe 


vay 


Fig. 17—End Fillets Used by Paton and Shevernitsky*® 


a = eccentricity of load with respect to axis of cover bar; e = 
eccentricity of load with respect to weld. 


chined from solid steel. Fracture occurred at the toe of 
the weld. The slotted specimen failed on the legs at a 
stress of 35,000—37,000 Ib./in.? based on leg cross section, 
and of 50,000—52,000 Ib./in.* based on throat cross sec- 
tion. Slotted welds failed at the same stress which was 
6% lower than the maximum throat stress of a sym- 
metrical, double-strap end fillet welded joint. The weld 
metal had over 53,000 Ib./in.? tensile strength (no 
details). 

As the fillet size was increased in Haldane and Rob- 
erts’™* tests of the specimen in Fig. 14, the maximum 
throat stress decreased, Table 5. No explanation was 
offered. Using specimens similar to Fig. 11 (°/g-in. 
throat, plates in. thick, in. wide), Clarke!® found 
a maximum throat stress of 54,000—55,000 Ib./in.’, 
fracture occurring in the plate at the root of the fillet. 
The efficiency of double-welded lap joints (covered elec- 
trodes) 3 in. wide, 3 in. overlap in plates */s in. thick in 
Australian tests*® was 72 to 98% (no details). A joint 
similar to Fig. 11 but 2 in. wide, */s in. thick, welded with 
an oxyacetylene torch (throat = 0.25-0.35 in.) failed*® 
outside the weld at a maximum throat stress of 60,000 
Ib./in” Results of magnetic tests for defects did not 
agree consistently with the strength (per inch or per 
square inch) in Webb’s* tests of joints in '/»-in. plates 
(leg = '/, in., overlap = 3 in.) whether or not the weld 
was normalized (no details). 


Intermittent Double-Welded Lap Joints 


Intermittent end fillets were tested by Wadling® 
using a specimen similar to Fig. 11, but essential details 
were omitted in the description. 

Joggled Joints 


Double-welded lap joints of the joggled or crimped 
type had a maximum stress concentration of 5.0 at the 


Table 5—Strength of Double-Welded Lap Joints, Fig. 14, 
Haldane 


and Ro 
Leg of Fillet,* In. Maximum Throat Stress, Lb./In.* 
5/39 81,000-92,000 
3/16 72,000-88,000 
76,000—83,000 
71,000-74,000 


* Shape not stated, nor were the weld dimensions reported. 
The plates did not reach the yield strength before the weld failed. 
Owing to slight eccentricities in loading, there was more scatter in 
the results than with side fillet welds. 


toe of the inner fillet in a photoelastic investigation 
by Ros.“ The strength of joggled joints was improved 
in tests by Wallin and Schade“ by increasing the dis- 
tance between the joggle and the inner weld and by using 
a less abrupt bend at the joggle. Nearly all specimens 
fractured outside the welds, which were made with bare 
electrodes. 


Single-Strap Joint, Fig. 15 


For the joint in Fig. 15 Godfrey and Mount” found 
maximum throat stresses of 62,900, 50,900 and 52,000 
Ib./in.2 as the leg was increased from '/4, through '/,, 
to */, in. The strength was about 25% less than for 
a symmetrical joint (75,000—78,000 Ib./in.”) and for weld 
metal (76,000 Ib./in.?). The welds failed on a plane 
between the throat and the axis of the load. 

The single-strap inclined fillet joint No. 5 tested by 
Hankins and Allan,”* Table 3 and Fig. 9, failed at about 
10,000 Ib./in.2 lower throat stress than the double- 
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Fig. 18—Distribution of Principal Shear Stress rx. in an End Fillet 
Weld. Baud“ 


Numerals are stress concentration factors, K, based on the uni- 
form tensile stress oo in the horizontal bar. a = angle of the prin- 
cipal stress trajectories. 
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Fig. 20—Tee Joint Specimen Used by Kist”’ 


Fig. 21—Cruciform Fillet Joint with Unequal Throat Thickness. 
Koch*? 


strap inclined fillet joint, which, however, was smaller. 
On the other hand, Specimen 1 in Table 3 was as strong 
as Specimen 2, suggesting that in the absence of prying 
at the root, the non-symmetrical joint may be as strong 
as the symmetrical joint. Even prying had no effect 
in Stecker’s test, Table 2 and Fig. 16, Specimens A and 
C. The joints with eccentric welds, B and D, had 80 
to 85% of the strength of A and C, but the calculated 
reduction in strength was about 60%. 

The stiffer the cover bars, the lower is the strength, 
according to Paton and Shevernitsky,“ Table 6 and Fig. 
17, who attributed the reduction to the moment exerted 
by the load multiplied by the eccentricity of the load 
with respect to the cover bar. The Structural Steel 
Committee in 1931 found that the strength of single- 
lap joints rose as the thickness (stiffness) of the cover 
bar was increased. 


Tee Joint (Cruciform Fillet) 


The maximum stress concentrations in a photoelastic 
model examined by Baud,“ Fig. 18, were 2.4 at the root 
and 2.0 at the toe, based on the uniform tensile stress 
in the vertical member. Three times as high stress 
concentration factors have been reported by other photo- 
elastic investigators for double-strap and fillet welds. 
Bierett and Griining found higher stress concentration 
factors in their extensometer survey of a steel model of 
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Table 6—Stiff Cover Bars, Fig. 17, Lower the Strength of End 
Fillet Welds. Paton and Shevernitsky” 


Moment of Maximum 


Specimen, Inertia of Cover Stress on Location of 
Fig. 7 Bar, In.* Throat, Lb./In.? Failure 
A 3.12 30,000 Throat 
B 0.72 43,500 Leg on cover bar 
Cc 0.02 60,000 Leg on cover bar 


a Tee joint (4.0 at the root, 3.3 at the toe) than in double- 
strap end fillets, the maxima for which were 3.8 at the 
root, 2.9 at the toe without ffiction. 

The maximum throat stress in Tee joints generally has 
been lower than the tensile strength of weld metal and 
the maximum throat stress in double-strap end fillet 
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Fig. 22—-Breaking Strength of the Throat with Various Electrodes 
and Leg Dimensions. Gardner® 

It was found that all the fractured fillet welds in specimens Nos. 
1 to 4 showed sound root penetration. However, it was noted that 
although the fractured welds in specimens Nos. 1 and 3 were 
regular they showed considerable inequality in size and that the 
fractured fillets in specimens Nos. 2 and 4 were irregular in that 
they tapered in their length from a relatively large to a small leg 
length. It is suggested that specimens Nos. 1 and 3 gave rela- 
tively low values due to premature failure of the smaller fillets, and 
specimens Nos. 2 and 4, due to premature failure at the small 
ends of the tapering fillets. In the case of specimens Nos. 5 and 
6, although the ultimate gross throat stresses recorded are only 
slightly under 54,000 lb./in.,? it was evident from an inspection 
of the welds that ‘‘discontinuity’’ was present. The Inspector re- 
ported these specimens as unsatisfactory welds prior to testing. 
Specimens 7, 8 and 9 were convex, while specimen 10 was irregular 
in leg length. 
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Table 7—Tests of Tee Joints (Fig. 19) with Four Types of Electrodes. Tetzlaff“ 


Maximum Throat 
Stress, Lb./In.? 


Type of of Weld Metal, Current, Number of Sheared Oxygen Cut Location of 
Electrode* Lb./In.? Amp. Passes Edges Edges Fracture 
Bare 57,000-64,000 150-185 2 66,000 62,000 Throat 
Light covered 57,000-64,000 165-200 2 69,500 57,000 Throat 
Cored 69,000—74,000 180-210 2 83,000 69,000 Vertical leg 
Heavy covered 57,000-64,000 140-165 3 59,500 59,000 Vertical leg 


* All electrodes 0.16 in. diameter. 


0.19 


Fig. 23—Static Tests of Fillet Welds in Direct 
Tension een. by Vandeperre and 
lo 


e = leg distance; b = width of plates; 
a = throat. 


joints. Using weld metal with over 72,000 Ib./in2? 
tensile strength and the Tee joint in Fig. 15, Godfrey 
and Mount found a maximum throat stress of 61,000 
Ib./in.?, compared with 78,000 Ib./in.* for double-strap 
end fillets of the same leg. The vertical plate was not 
beveled (penetration and location of fracture not stated). 
The Tee joint tested by Hankins and Allan,” had 88% 
of the throat strength of a double-strap end fillet, Table 4 
and Fig. 9. Lobban®” found that Tee joints had only 
75% of the throat strength of double-strap end fillets. 
On the contrary, Bibber" found that both types of 
joints (bare electrodes) had the same strength. A firm 
in Holland” reported maximum throat stresses of 55,000- 
63,000 Ib./in.2 for Tee joints made with weld metal of 
65,000 Ib./in.? tensile strength. The plates were 0.62 
in. thick, 2 in. wide, and failure occurred through the 
throat (0.28 in.). The maximum throat stress was about 
the same as the strength of weld metal in Tetzlaff’s 
tests, Fig. 19 and Table 7, but the welds were short and 
had craters. As the tensile strength of butt welds in 
Kienscherper’s*® investigation rose from 54,000 to 68,000 


Table 8—Effect of Base Meta 
Composition of Steel, % 


Tensile Strength 
Mn Si 


of Butt Weld, Lb./In.* 


0.30 0.90 0.28 85,000 
0.38 0.60 0.11 84,000 
0.55 0.69 0.27 110,000 


* Root beads in Steels II and III deposited by a bare electrode 0.12-in. diameter; specimens cut from long welds, 0.24-in. leg, the 


fillets being nearly flush. 


e — 


lb./in.? with different electrodes (no details), the maxi- 
mum throat stress in Tee joints made with the electrodes 
rose from 51,000 to 64,000 Ib./in.2 A Tee joint, 0.26-in. 
throat, 2 in. wide in plates */s in. thick made with an 
oxyacetylene torch*® and cut from a longer weld failed 
in base metal at a maximum throat stress of 63,000 Ib./- 
in.?. 

In two investigations the Tee joint has been especially 
sensitive to some characteristic of the electrode or base 
metal. Rather less scatter was obtained with Tee joints 
(40,500-49,000 Ib./in.*) than with butt welds (45,000- 
58,000 Ib./in.2) by Hankins and Brown.’ * A fifth 
electrode failed to effect root fusion in the Tee joint and 
the maximum throat stress dropped to 25,000 Ib./in.’ 
The Tee joints were 1'/, in. wide cut from welds 7 in. 
long, '/4-in. leg in plates '/, in. thick. All failed in the 
weld. In Aysslinger’s®' tests of four covered eleetrodes 
in three steels 0.39 and 0.79 in. thick, Table 8, thick- 
ness and type of electrode exerted no consistent influence. 
However, in the presence of a hard zone (no details) 
near the welds in the 0.55 C steel, fracture occurred at 


Aysslinger®! 


l on Tee Joints. 


— ————Tee Joint* 
Maximum Throat 


Stress, Lb. /In.? Location of Fracture 


63,000 No details 
59,000 No details 
60,000 Partly in weld, partly in hard, 


heat-affected zone 


176-s WELDING RESEARCH SUPPLEMENT 


APRIL 


Table 
Ai 
) 
0.0% 
0.03 
in. 
718,000 =— 
68500 
68900 68000 8,000 unex] 
00 
Th 
0 
Sree. throa 
end { 
the r 
remo 
j= a 
N 
Ve \. 
N 
039 > jus 
Ce 
og 
ix 
ae 
fron 
the 
T 
The 
the 
— 194 


— 


Table 9—Unequal Throats May Lower the Strength of Tee 
Joints. Koch** 


————-Maximum Throat Stress, Lb. 

A, — As Bare Electrodes on Covered Electrodes on 
In.* Mild Steel Low-Alloy Steel 

(Fig. 21) Flat Vertical Flat Vertical 
0.00 50,000 46,000 65,000 58,000 
0.02 50,000 46,000 65,000 58,000 
0.04 50,000 46,000 65,000 58,000 
0.06 50,000 46,000 65,000 58,000 
0.08 48,000 44,000 es 58,000 
0.10 42,000 40,000 ies 


* Averages of numerous tests. The larger throat was 0.20—0.28 
in. 


unexpectedly low stress, perhaps due to the notch sensi- 
tivity of the hard zone. 

Three causes have been assigned to the lower maximum 
throat stress of Tee joints compared with double-strap 
end fillets. First, there is no friction in the Tee joint,” 
the reduction in strength of double-strap end fillets by 
removal of friction being about the same as the reduction 
due to a Tee joint. Kist reported 74,000 Ib./in.? for a 


Notch Causes High Stress 
Here In _ Plate 


Max. Stress Here In 


Weld Metal 
egligible 
Full Stress * 
tch Effect 
in Cover Bar 
Center of 
( 


Shear 


double-strap end fillet with friction, but only 47,500 
Ib./in.? for the joint in Fig. 20, which is essentially a Tee 
joint. The second cause has been unfavorable stress 
distribution,” about which little is known. Third, the 
rigidity of the Tee joint is said” to be greater than the 
double-strap end fillet owing to tri-axial stress at the 
root or to lower angularity of the load with respect to the 
throat. 

Although Ros" found that the maximum throat stress 
51,000 Ib./in.? of a Tee joint was independent of leg 
(0.30-0.60 in.), Koch,” using bare electrodes, reported a 
linear decrease from 58,500 Ib./in.* at 0.18-in. throat to 
38,500 Ib./in.? at 0.32-in. throat. Koch stated that the 
decrease probably was not real, for the throat was com- 
puted from the external dimensions of the weld, neglect- 
ing penetration, which was the same for thick throats as 
for thin. The results were averages of a large number of 
tests with different operators. For vertical welds with 
covered electrodes in low-alloy structural steel (mini- 
mum tensile strength = 71,000 Ib./in.*) the maximum 
throat stress fell from 78,500 Ib./in.? with 0.16-in. throat 
to 57,000 Ib./in.? with 0.30-in. throat. Unequal throats, 
Fig. 21, had no effect on Tee joints with covered elec- 
trodes at least up to A; — Az = 0.08 in., but beyond 0.06 


Schematic diagram of the thansverse 
strains in an end fillet weld under 
stress.Karl Girkman, 
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Fig. 24—-Survey of Stress Distribution in Side Fillets 
Stress concentration based on plate stress (Load/B x T) is high for short welds but not very different at ends 


from the middle. 


Smax. 2nd Smin. are high and not very different for short welds. 


Stress concentration based on plate stress is low for long welds but the stress is far higher at the ends than at 


the middle. 


Smax. ANd Smin. are low but very different for long welds. 


Throat plane ABCD has less cross section than any other and probably is most highly stressed at any section. 
here is no evidence to show that at any section such as | MN the root is more highly stressed than the face of 


the weld in the elastic region. 
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Fig. 25 (2)—Measurements of Elastic Stresses in Side Fillet Welds by 
D. Rosenthal** 


Stress concentrations have been expressed as percentages of the 
unit average shear load (P/41), and have been plotted as a func- 
tion of the ratio //a (J = length; a = throat of weld) in curves 
mandn. The isolated points refer to earlier research and do not 
agree with present work because of the approximate nature of the 
methods utilized. These points have been traced to measurements 
affected by the unequa! deformation created by the different 
thicknesses of the weld. 
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Fig. 25 (b)—-Relation Between the Ratio Length /Throat of Side 
Fillet Welds and Their Breaking Load in Pounds, Curve m, Respec- 
tively, Their Breaking Stress in Lb./In.*, Curve n. Rosenthal* 


in. with bare electrodes the maximum throat stress fell, 
Table 9. The greater resistance to unequal throats of 
joints made with covered electrodes was attributed to 
their greater ductility compared with bare electrodes. 
After the smaller of the two welds had failed, the larger 
failed by prying. Koch pointed out that the last two 
welds of a Tee joint are simpler to deposit than the first, 
because the specimen is hot and magnetic conditions are 
better. Vandeperre and Joukoff'* tested a joint, Fig. 
23, which essentially is a Tee joint without the middle 
bar. The maximum throat stress reached a constant 
value when the throat was increased beyond '/, in. 
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Symmetrical Side Fillet Welds 


Elastic Stress Concentration 


The main facts about the distribution of elastic stress 
in side fillet welds are gathered in Fig. 24 (see earlier 
reviews’). Recent research has been confined principally 
to a photoelastic study of stress distribution in cover bars 
and to a redetermination by Rosenthal and Levray of 
the variation in stress in the weld as a function of its 
length. 

The photoelastic study by Solakian® showed the 
maximum stress concentration in the cover bars close to 
the welds and at about the middle of their length, both 
for tensile stress parallel to the weld and for shear stress. 
The maximum stress (tensile as well as shear) concen- 
tration factor at the middle of the length of weld in- 
creased from 2'/s to 4 as the length of the weld was in- 


y 


Fig. 26 (a)—Side Fillet Lap Joint Used in Jager’s** Calculations 
Sz = stress in x direction; 5, = stress in y direction. 
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Fig. 26 (b)—Jager’s** Chart Showing Shear Stress in a Weld 


max. g, = the maximum stress in the longitudinal direction. 
eyo = stress in the transverse direction. These transverse 
stresses play no part in the fillet weld (L 5 0.58) 
consequently max. #, which occur at the ends of the 
weld are the determining factors for the yielding of the 
joint. 


o@ = stress in the weld. 
@) = average stress in the plate outside the weld. 
rt = shear stress. 
n = normal stress. 
max. r, = the maximum shear stress in the weld. 
max. tr, = the maximum shear stress in the plate. 
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Table 10—Tests of Side Fillet Welds by Gardner,‘ Fig. 28 


Size of Weld Maxi- Maximum Throat 
Concave mum Stress Ratio of 
Equivt. Profile Unit Theo- Yield to Ratio of 
Leg Leg- Total Linear Gross retical Maxi Maxi Weld 
Convex Length Throat Thickness Throat Length Load, Throat, Throat, mum mum Length 
Speci- Leg i = heo- Ratio of _ fo, fm, Stress Exten- to Fillet 
men Series Length, 1.414, Gross, retical, tg + lm, Welds, Kips/- Kips/- Kips/- 1, 2, sion Leg 
No. Letter lm, In le, In. tg, In. tm, In. R, In. L, In. In. In.? In.? G % em, In Length Remarks 
1 A 0.242 eae 0.230 0.171 0.950 10.0 10.30 44.8 60.3 7 84 0.116 10.3 
2 ns 0.257 0.215 0.182 0.838 16.0 9.94 45.0 53.1 7 90 «60.182 15.5 
3 A 0.258 0.250 0.183 0.969 9.85 11.5 46.0 62.7 . , ‘ 9.5 No extensions recorded 
4 Cc 0.266 0.210 0.188 0.790 16.0 9.66 47.3 52.9 76 88 0.092 15.0 
5 B 0.266 , 0.211 0.188 0.794 12.0 9.15 43.2 48.6 80 88 0.070 11.3 
6 B 0.273 «eis 0.223 0.193 0.817 12.06 9.65 43.4 50.1 81 90 0.064 11.0 
7 B (0.297) 0.277 0.196 0.196 0.660 12.0 9.82 50.0 49.9 73 84 0.073 10.1 
' A 0.305 ae 0.270 0.216 0.885 8.94 12.6 46.6 58.2 77 85 0.130 7.3 
9 e 0.305 0.248 0.216 0.814 11.8 12.1 49.1 56.5 83 87 0.128 9.7 
10 B 0.307 0.238 0.217 0.775 8.0 11.1 46.4 51.0 67 78 0.102 6.5 
11 Cc 0.312 0.222 0.220 0.712 7.92 11.1 49.7 50.1 71 83 0.120 6.3 
12 D 0.313 0.240 0.221 0.768 14.0 12.2 51.0 55.3 73 83 O.111 11.2 Fe = 38.1 Fe 57.2 
13 B 0.321 0.262 0.226 0.817 7.5 11.5 43.9 50.9 68 80 0.135 5.8 
14 B 0.328 _ 0.262 0.232 0.800 7.5 11.8 46.0 50.9 76 80 0.173 5.7 
15 A 0.329 eas 0.270 0.232 0.821 10.22 12.9 48.0 55.8 74 85 0.111 7.9 
16 B (0.360) 0.349 0.247 0.247 0.686 8.0 12.1 48.8 48.8 69 74 0.184 5.5 
17 D 0.360 eat 0.260 0.254 0.723 10.4 12.7 48.8 49.9 81 73 0.052 7.2 Fg = 30.2 Fe = 44.1 
18 B 0.360 0.281 0.254 0.781 7.0 12.5 44.4 49.1 72 75 0.154 4.9 
19 B 0.360 0.305 0.254 0.848 7.0 13.3 43.7 52.2 68 78 0.170 4.9 
20 D 0.364 0.307 0.257 0.843 12.0 13.8 45.0 53.8 78 89 0.113 8.2 Fg = 32.9 Fe = 23 
21 G 0.368 ae 0.270 0.260 0.734 16.12 12.1 44.8 46.5 74 79 0.155 10.9 
22 D 0.370 ae. 0.267 0.264 0.722 14.0 12.0 45.0 45.5 73 80 0.178 9.5 Fg = 38.3 Fe = 67.2 
23 D (0.390) 0.373 0.264 0.264 0.616 16.0 11.9 45.0 45.0 77 81 0.190 10.3 Fg = 39.6 Fe = 27.1 
24 Cc 0.391 daa 0.313 0.276 0.802 12.0 13.8 44.4 50.1 78 86 0.113 & | 
25 A 0.406 0.380 0.287 0.935 10.06 16.7 44.2 58.2 80 84 0.126 6.5 
26 B 0.411 0.297 0.290 0.72% 10.06 13.9 46.8 48.0 74 #77 0.151 6.4 
27 D 0.419 0.303 0.296 0.724 12.0 13.6 44.8 46.0 79 82 0.129 7.2 Fg = 37.4 Fe = 41.0 
28 D 0.427 0.310 0.301 0.726 11.16 14.4 46.6 48.0 73 «81 0.170 6.5 Fg = 37.0 Fe — 64.5 
29 B 0.430 wen 0.313 0.303 0.729 10.06 14.5 46.1 7.8 71 76 0.176 6.2 
30 A 0.438 wen 0.380 0.309 0.868 10.0 16.2 42.8 52.6 70 79 0.179 5.7 
31 Cc (0.469) 0.454 0.320 0.320 0.683 8.2 16.4 51.3 51.3 71 76 0.222 4.4 
32 A 0.547 baw 0.440 0.386 0.805 9.2 19.9 45.0 51.3 80 82 0.195 4.2 
33 Cc 0.547 0.394 0.386 0.721 5.48 18.0 45.7 46.6 75 85 0.156 2.5 
34 A 0.555 Sa 0.460 0.392 0.829 8.75 21.1 46.0 53.8 74 2 0.240 3.9 
35 e (0.594) 0.559 0.395 0.395 0.666 10.12 20.1 50.9 50.9 78 80 0.269 4.3 
36 Gc 0.609 em 0.47 0.430 0.778 9.25 20.5 43.2 47.7 87 91 0.188 3.8 
37 Cc 0.616 0.503 0.435 0.818 8.00 23.2 46.1 53.4 86 93 O.111 3.2 
38 Cc 0.625 sae 0.483 0.441 0.783 8.94 20.7 42.8 46.8 91 93 0.239 3.6 
39 Cc 0.633 wkd 0.460 0.448 0.727 9.08 21.0 45.7 46.8 90 91 0.198 3.6 
40 *y (0.719) 0.709 0.500 0.500 0.698 4.56 25.1 50.1 50.1 77 83 0.235 1.6 Max. stress on frac- 
41 Cc 0.738 $e 0.548 0.521 0.743 8.28 25.0 45.7 47.9 89 92 0.132 2.8 tured area was 27,800 
42* Cc 0.747 0.536 0.52 0.720 8.12 22.4 41.6 42.4 92 96 0.041 R, Ib./in.? for 42 and 
43* c 0.761 0.571 0.538 0.751 8.16 23.7 41.6 44.4 91 98 0.044 2.7 30,000 Ib./in.* for 43 
Averages 46.14 51.07 77 83 0.151 Spec. Nos. 42 and 43 
omitted 


* Fracture occurred in grip plate adjacent to shear legs of test fillets. 
Note: 1. See Fig. 1 for explanatory sketches 


2. Series D: Fg = Maximum stress in grip plate in kips/in.* Fe 


creased from 0.57 to 1.24 times the width of the cover 
bars. The stress concentration factor was only about 
half as high at the ends of the weld as at the middle. 
In the transparent models used by Solakian the cover 
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Fig. 27—Stress Distribution in 

Side Fillet Welds as the Stress Is 

Gradually Increased as Explained 
by 


A. Load first applied resulting 
in rapid rise in stress at extreme 
ends of weld with negligible stress 
at all intermediate points as the 
first case of springs. 

High stresses at ends cause 
weld distortion. This results in 
mutual slip between bars allowing 
the shear stress to even out. 

C. Stresses at ends continue to 
rise until the yield point of the 

. material is reached. After this 
Cc | stage there is rapid slip at ends 


| | with no rise in stress. This still 
WA 
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further increases shear stress at 
intermediate points. 

If the load is still further 
increased the shear stress becomes 
uniform throughout the weld at the 
yield point of the material. 
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Plate appeared to be laminated. 


Maximum stress in cover plates in kips/in.* 


bars were '/, in. thick and 1*/, in. wide, the glued welds 
('/,-in. leg on cover bar, '/s-in. leg on middle bar) were 
| to 2 in. long, and there appears to have been no fric 
tion. A photoelastic study (Coker method) by Rust™ 
of a model of a gusset plate machined from solid trans 
parent material failed to reveal important facts about 
side fillet welded gussets except that the stress rises fairly 
uniformly from one end of the gusset to the other. 

Rosenthal and Levray™ measured elastic strains be- 
tween the middle bar ('/,-*/, in. thick, 2°/».—-6*/s in. 
wide) and cover bars ('/s—*/s in. thick, 2—5*/, in. wide) 
of machined side fillet welds in mild steel. The throat 
varied from 0.084 to 0.22 in. (measured on external di- 
mension, root fusion not studied) and the length of each 
weld varied from 1*/, to 4°/, in. The measurements 
were made with an extensometer of */,-in. gage length. 
As the length of the weld increased at constant throat, 
stress concentration increased at the ends, Fig. 25. The 
results are in qualitative agreement with those of other 
investigators, but the stress concentration factors are far 
lower. A firm in Holland” made a strain gage survey of 
side fillet welds 0.16-in. throat, but the long gage length 
(one-third the length of each weld) made it impossible to 
draw any conclusions. The tensile stress in the middle 
and cover bars at opposite ends of the fillet appeared to 
be 30 to 35% higher than the average stress in the middle 
bar (no details). 

In a rubber model Rosenthal and Levray™ found that 
the lower surface of the cover bar (width = 8 X thick- 
ness) deformed to the same extent as the upper, except 
in the immediate vicinity of the welds. Here the lower 
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—_ value well below that which is necessary to be in equilib- 
rium with the external load. Consequently, a higher 


average stress must exist in the lower part of the weld. 
In two mathematical papers Jager® (formerly JeZek) 
has advanced the cosh theory of side fillets. In the 


A earlier paper, only S, and S, (see Fig. 26 (@)) are cal- 
: “~- . culated for plates of equal and unequal thickness as a 
Mig. function of Z and B. The later paper® considers shear 


stresses, too, the important Filon assumptions being 
made that (1) shear stress is zero at the ends of the weld, 


4 v a (2) the weld does not deform in the Y direction (in- 
a finite rigidity) and (3) bending does not occur. His 
“/} curves for shear stress in the weld are similar to those 
77 
73 
SHEAR STRENGTH 
“te 
28400 T T 
56800 
T 
42600 
2,300 
Lt 
Fig. 29—Static Tests of Side Fillet Welds 
Curve 1. Curve of minimum results obtained by Vandeperre Fig. 30 (2)—Relation Between Shear Strength and Throat of Side 
and Héhn. Curve 2. Curve of minimum results obtained by Fillet Weld Obtained by a Firm in Holland” 
Dustin in 1928. Details of electrodes and welding are given in Fig. 3 (a). 
surface of the bar was restrained by the weld and Se 


IN 
stretched less than the upper surface of the cover bar. 


It was concluded that the stress was not the same in the ae 
upper and lower surfaces of the cover bars near the weld. 
Maximum stress in the cover bar occurs close to the quaee . 
welds, yet no investigation, experimental or theoretical, 
has been made of the non-uniform stress distribution that — 
may exist across the thickness of the cover bar near the 
welds. Dr. Rosenthal points out (private communica- *° 
tion, December 1941) that although no investigation has 
been made of the non-uniform stress distribution that — 


may exist across the thickness of the cover bar near the ar temo 
welds or of the welds themselves, yet measurements of 20 a4 28 32 35 35 43 WNW. 
shear stresses on the upper surface of the welds, as ex- 


Fig. 30 (b)—Relation Between Shear Strength and Length of Side 
plained in the appendix to reference 54, yielded an average Fillet Weld Obtained by a Firm in Holland” 


Table 11—Tests of Machined Side Fillet Welds, 0.084-In. Throat, by Rosenthal and Levray™ 


Ratio of 
Ratio of Ratio of Cross Section 
Length of Ratio of Width of Width of of Middle Maximum 
Cover Bars Middle Bar Each of Length Cover Bar Cover Bar Bar to Cross Throat 
Thickness, Width, Thickness, Width, Four Welds, to to Its to Length of Section of Stress, * 
In. In. In. In. In. Throat Thickness Each Weld Cover Bar Lb. /In.? 
0.12 5.67 0.39 6.3 4.72 56.5 48 1.20 1.84 36,700 
0.12 5.67 0.39 6.3 3.14 37.7 48 1.81 1.84 42,100 
0.12 5.67 0.39 6.3 1.57 18.8 48 3.61 1.84 44,800 
0.12 5.67 0.39 6.3 0.79 9.45 48 7.22 1.84 47,900 
0.12 5.67 0.24 6.3 4.72 56.5 48 1.20 1.11 36,500 
0.12 5.67 0.24 6.3 3.14 37.7 48 1.81 1.11 40,800 
0.12 5.67 0.24 6.3 1.57 18.18 48 3.61 1.11 45,000 
0.12 5.67 0.39 6.3 0.79 9.45 48 7.22 1.11 45,400 
0.12 1.97 0.39 2.36 0.80 9.45 16.6 2.36 2.0 49,500 
0.12 1.97 0.39 2.36 1.19 14.2 16.6 1.66 2.0 47,000 
The bars had 54,000-60,000 Ib. /in.* tensile strength. Weld metal deposited from the 0.16 in. covered electrodes had 57,000 Ib. /in.? 


tensile strength, 32% elongation in 5 in. diam 
but two specimens fractured through the throat 
cluded in the averages of the last column. 

* Averages of three specimens. 


The welds were machined to exact length and to the profile of an isosceles triangle. All 
The results of the two specimens that broke through holes in the cover bars are not in- 
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SIDE OR LONGITUDINAL FILLET WELDS 


STRAP sPECIMENs, (see miquec 28) 
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Fig. 31—-Relation Between Root Penetration and Throat Stress as Compiled by Gardner® 


given by Gillespie, Fig. 24, and are shown in Fig. 26 (0). 
Approximate formulas expressing the complicated mathe- 
matical results and valid for 0.56 S L/B S 2 are: 


B 
max. 5S, = 5, (: + 1.50 


max. 7, = 0.75 S,V B/L 


where 7, = shear stress in either bar, Fig. 26 (a), 
parallel to the weld at the leg, and S, = Load/2BT = 
average stress in the bars beyond the welds. The max. 
S, appears at the more highly stressed end of the welds 
and next to them, it increases from 1.68, to 2.5S, as L/B 
is decreased from 4 to 1. In the same range, max. Sy 
rises from 0.10S, to 0.25S,, max. T, rises from 0.355, 
to 0.65S,, and max. 7, (shear stress parallel to the welds 
in the throat) rises from 0.45S, to 1.0S,. All tend to 
rise to infinity for extremely short welds. A few exten- 
someter measurements on symmetrical side fillet welded 
joints were said to substantiate the formulas. 

An analogy to the stress distribution along the length 
of side fillet welds, according to Hale,” is a pair of coil 
springs tied together by cords and pulled in opposite 
directions. No attempt was made to show that the 
analogy was close. Hale believed that the ends of side 
fillet welds reached the yield stress first, Fig. 27, and as 
the load was increased the yield stress spread toward the 
middle of the welds. 


Deformation 


The first cracks in brittle varnish on a side fillet joint 
in Cymboliste’s’ investigation occurred on the surface of 
the weld near the middle of its length. When the welds 
were each 2.8 in. long (0.36-in. leg on middle bar, 0.59 
in. thick; 0.20-in. leg on cover bars, 0.36 in. thick, 1.6 
in. wide) the varnish cracked at 75% of the maximum 
load, failure starting along the throat at one end. The 
ratio of the load at first yield to the load at failure was 
higher than in end fillet welds. Side fillet welded rec- 
tangular reinforcing straps (whether or not tappered) 
1.6 in. wide, 4 in. long, 0.22 in. thick on a plate 0.32 in. 
thick exhibited first yield at the outer ends of the fillet 
welds, according to expectations and in agreement with 
Kayser. The observation by Cymboliste that yielding 
occurs first at the middle of the length of the weld is 
difficult to reconcile with Fig. 24, and with Moss’s de- 
scription of side fillets in which yielding appeared first at 
the welds. 

An excellent study of deformation in side fillets has 
been made by Gardner,‘ who observed three stages in 
failure. First, there was yield; apparently yielding oc- 
curred over the entire weld at once. Second, a crack 
formed at the root, probably at one or both ends, at 25% 
of the totalextension. In the third stage the crack propa- 
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gated to the surface of the fillet, denoting failure. 
The maximum extension (see section on Deformation 
under Symmetrical End Fillet Welds) was 0.151 in. for 
42 side fillet specimens, Fig. 28 and Table 10, but in 
view of early cracking at the root (the electrodes were 
free from auto-cracking presumably) it was concluded 
that there is little difference in extension between end 
and side fillets up to the first crack. The maximum ex 
tension generally was lower than 0.151 in. up to °/,-in. 
leg, and higher (up to 0.269 in.) for thicker fillets. The 
ratio of yield to maximum stress was 0.77 for 50° in 
creased strain and 0.83 for 0.002-in. extension (see sec- 
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Fig. 32—-Side Fillet Weld Specimens Used by Naka® 


For full details of tests see Table 12. 
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Static Tests of Side Fillet Welds 0.20 X 0.20 In., Show- 
Vandeperre and Joukoff'* 


cross section of inner plate. 
In the tests A; > As. 
outer plates at rupture. 


nealed at 900° C. 


ing Stress in the Bars. 


cross section of outer 
S = 4fr/A, = tensile stress in the 
As welded. Curve 2. An- 
Curve 3. Curve of minimum results. 


tion on Deformation under Symmetrical End Fillet 
Welds) which were lower ratios than for end fillets. 
According to Godfrey and Mount," the high ductility of 
covered electrodes is yet inadequate to distribute the 
stress uniformly over side fillets only 2 in. long, '/,- to 
/,-in. leg. Failure by tearing of middle or cover bar is 
likely with short welds, according to Freeman,” be- 
cause the welds bend. In multilayer side fillets, the 
fracture of the last layer is crystalline; the remainder js 


silky. 
Breaking Strength 


Throat.—Some investigators report constant maximum 
throat stress regardless of throat. Analyzing workshop 
welds tested by Hankins and Brown,’ Gardner® showed, 
Fig. 22, that maximum stress based on gross throat 
(0.21-0.36 in.) was constant. His laboratory welds, 
Table 10, exhibited constant maximum throat stress for 
gross throats ranging from 0.20 to 0.55 in. Between 
0.25- and 0.80-in. leg, the maximum throat stress was 
constant at 36,000 Ib./in.? in tests by RoS of gas and 
arc welds in basic bessemer and open hearth steels. 
Brown” reported constant maximum throat stress (no 
details) for legs ranging from '/s to 1 in. 

Other investigators report that strength depends on 
throat. Both Freeman” and Godfrey and Mount® found 
that maximum throat stress was constant up to '/»-in 
leg, beyond which the strength decreased. Freeman 
was unable to state the reduction for °/s- and */,-in. 
legs, but Godfrey and Mount found that */,-in. fillets, 
Fig. 15, had only 47,100 lb./in.? compared with 54,000 
Ib./in.? for 1/4- and '/»-in. fillets. A Belgian firm" re- 
ported a decrease from 41,000 to 31,000 Ib./in.? as the 
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(b)——Resistance of the Inner Plate to Shear Around the Side Fillet Welds, 0.20 x 0.20 In., as Deter- 
mined by Vandeperre and Joukoff" 


Curves D, O, |, E. Specimens failed by shear in the inner plate around the side fillets. 
Curves F, $, G, H, and Il. 


Specimens failed by shear in the welds. 


WELDING RESEARCH SUPPLEMENT 


1735 
ae 
1500 
138s 
rac 
44,500 
= 
4Fp Bs one 
: the 
— € 
Vz 
mi 
sti 
182-s APRIL 19 
| 


42700 
e 
Lb/in® 
35600 
+ 
+ 
| 
° 
| 
SS |} 
° 
| 
21400 
14200 
14200 28500 G Lb/in* 42700 56900 


Fig. 33 (c)—Tests of Side Fillet Welds 0.20-In. Leg by Vandeperre and Joukoff'* 


welds sheared, hence their intrinsic strength was utilized fully. 


Above dotted line 1: 
fracture of the cover plates. 


e = leg of weld in inches; ¢ = 


stress computed on leg. 


leg increased from 0.08 to 0.55 in., in substantial agree- 
ment with Hohn. Tests recently conducted by Hov- 
gaard”® on side fillets 1'/:-3 in. long made with covered 
medium steel electrodes on medium steel bars (tensile 
strength = 60,000-66,000 Ib./in.*) showed, Fig. 3 (c), 
that the maximum throat stress fell from 63,500 Ib./in.* 
at 0.09-in. throat to 37,000 Ib./in.? at 0.8-in. throat (no 
details). The main decrease in strength occurred with 
the smaller legs in Bryla’s® tests. The maximum throat 
stress fell from 56,000 te 40,000 Ib./in.? as the leg was 
increased from 0.16 to 0.39 in., whereas further increase 
in leg to 0.79 in. only lowered the stress to 29,000 Ib./in.? 
Essential details are lacking about the investigation, 
the throat stress being calculated on the area of fracture 
after test. Fracture generally did not occur on the 
throat, and Gardner‘ pointed out that the cover bars 
were narrow (only 25 to 100% of the length of the welds), 
which may have influenced results through variations in 
bar stress. Results similar to Bryla’s were secured by 
Vandeperre," Fig. 29. It is interesting to observe that 
the throat strength decreased with increase in throat, 
whereas according to Rosenthal and Levray’s™ state- 
ment that ratios of length to throat over 20 decrease the 
strength, an increase in throat should raise the throat 
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Between the dotted lines: fracture of the welds below their intrinsic strength. 


stress in cover plates or grip bar, whichever was weaker. 
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Below dotted line 2: 


(ts 


= breaking 


strength. They tested only one throat, namely 0.084 
in., and the length/throat ratio in Gardner’s tests, for 
example, never exceeded 20. 

An unusual set of test results was reported by a firm 
in Holland,” Fig. 30, for side fillets machined to 0.16-in. 
throat (root fusion not measured), 1.6 in. long. As the 
throat increased the maximum throat stress first rose, 
then dropped. 

Root Fusion.—Deficient root fusion, Gardner® con- 
cluded, Fig. 31, seems to weaken side fillets less than end 
fillets, Figs. 5 and 12. Up to —1.4 mm. (0.055 in.) 
penetration had no effect on '/,- to '/»-in. side fillets, 
but insufficient tests were conducted for positive state- 
ments. 

Length.—It is a question whether the maximum throat 
stress remains constant or decreases as the welds are 
lengthened. In the well-conducted tests by Gardner,* °° 
Table 10, the strength was constant regardless of length 
(1'/, to 4 in.), although the ratio: length of weld/gross 
throat varied only from 2 to 19. No pronounced effect 
was observed by Héhn" or Bryla® upon increasing the 
length of the weld from 0.8 to 1.6 in. or from 1.0 to 2.4 
in., respectively. As the length was increased from 2.0 
to 4.3 in. by a firm in Holland” (throat = 0.16 in., ratio 
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Table 12—Tests of Continuous and Intermittent Side Fillet 
Welds by Naka,” Fig. 32 


Maximum 
Total Stress 

L, . A, Length Breaking on Throat, 
Type In In In of Weld, In. Load, Lb. Lb. /In.? 
1 4.385 24,300 35,200 
1 2.76 11.04 49,500 31,800 
1 3.54 14.16 74,800 37,400 
l 4.76 19.04 81,900 30,300 
1 5.55 22.20 90,600 29,000 
2 1.85 1.02 3.26 14.80 70,000 33,400 
2 2.60 0.47 3.07 20.80 94,000 31,900 
2 2.88 0.75 3.62 23 . 04 100,500 30,800 
3 1.46 0.75 2.20 17.52 75,300 30,500 
3 1.81 0.838 2.64 21.72 93,000 30,300 
3 2.06 0.79 2.83 24.60 103,000 29,600 


of length to throat varied from 12'/»2 to 25), the maximum 
throat stress remained constant at 57,000 Ib./in.2 The 
welds were machined, and the length was varied in steps 
of */s in., Fig. 30 (0). 

On the other hand, Rosenthal and Levray,™ Table 11 
and Fig. 25, found that the maximum throat stress on 
their machined welds decreased as the length increased. 
Up to a length/throat ratio of 20, the decreased was only 


PLATES TACKED PLATES TACKED 
ON EDGES ON ENDS 
Fig. 34—Compression Side Fillet Specimen Used by Haldane and 
Roberts® 


L=length of weld fillet deposited by one whole electrode. 


a few per cent, but at higher ratios, for example, 50, the 
decrease was over 20%, and was due to the increase in 
stress concentration at the ends of the welds with. in- 
creasing ratio. Naka®® also reported a decrease in 
strength with increase in length, Table 12 and Fig. 32. 
The length/throat ratio varied from 8'/2: to 39 in his 
tests, and it was expected that the decrease in maximum 
throat stress became considerable only beyond 6 in. at 
which length stress concentration at the ends of the 
welds became excessive. Without giving details, Vande- 
perre’ stated that short side fillets have higher maximum 
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Fig. 35 (a)—Side Fillet Compression Specimens Used by Paton and 
Shevernitsky™ in 1932 


The channel welds in the upper two specimens are 0.30-in. 
throat, while in the lower they are 0.32-in. throat. The plates in 
stress are 0.79 in. thick and the others are 0.24-in. thick channels. 


throat stress than long. In Freeman’s™” tests of side 
fillets with */s-in. leg the maximum throat stress de- 
creased with increase in length, but it is not clear whether 
the cover bars yielded abnormally in the short welds. 
Laminations.— By causing failure to occur in the middle 
bar at low stress, laminations in two of Gardner’s* 
specimens greatly lowered the maximum throat stress, 
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Fig. 35 (b)—Small and Large Side Fillet Compression Specimens of 
Mild Steel Used by Paton and Shevernitsky** 


The thinner plates were 0.71 in. thick, the thicker plates 1.18 in 
thick. The welds were 0.39-in. leg deposited by covered elec- 
trodes at 155-165 amp. The smaller specimens (two were tested) 
failed at 104,000 and 117,000 lb. (approximately 41,000 lb. /in.* on 
throat). The larger specimens failed at 375,000 and 385,000 lb. 
(approximately 58,000 lb./in.? on throat). 


Table 10. According to Atkinson and O'Malley," the 
throat has little influence on the strength of side fillet 
welds (no details) in wrought iron, Penetration being the 
determining factor. ‘The joint fails by shear along a 
lamination plane upon the combined tensile and shear 
strength of the strip of metal at the fusion line being 
exceeded.”” But Paton and Kayser” confirmed the fact 
that failure occurs along the slag fibers in wrought iron, 
if the direction of rolling were parallel to the side fillet. 
Nevertheless, the maximum throat stress was 45,500 
Ib./in.* for wrought iron and 48,000 Ib./in.? for mild steel 
in Kayser tests with bare electrodes. McKibben™ stated 
that the maximum throat stress was 41,000—45,000 Ib./- 
in.” with bare or covered electrodes in wrought iron, while 
Paton found 37,500 Ib. /in.? 

Stress in Bars.—Whether the stress in the bars during 
Gardner’s* tests reached a maximum of 33,500 or of 
67,000 Ib./in.,? the maximum throat stress remained the 
same. On the other hand, Vandeperre and Joukofi" 
found that the maximum throat stress decreased, Figs. 
33 (a), (b) and (c), as the stress in the bars was increased, 
Series Fand S. Perhaps high stresses in the cover bars 
destroyed friction. The results in Fig. 33 (}) are plotted 
as a function of length/throat ratio in Fig. 33 (d), showing 
that R and R” are approximately constant for all kinds 
of side fillet welds up to a length/thruat ratio of 20, at 
any rate. Nevertheless, both R and R” decrease as the 
thickness of the bars is increased. The bars in Series 
D, I, E and F were 0.16, 0.20, 0.26 and 0.32 in. thick, 
respectively, R decreasing from approximately 75,000 to 
65,000 Ib./in.,? and R” decreasing from 34,000 to 28,000 
Ib./in.? with increase in thickness. 

Annealing.—Annealing at 900° C. lowered the maxi- 
mum throat stress, Fig. 33 (a), and erased the effect of 
different stresses in the cover bars in tests by Vandeperre 
and Joukoff.* 

Width of Cover Bar.—Although Gardner‘ stated that 
too low ratio of length of weld to width of cover bar may 
lower the maximum throat stress, confirmatory tests 
have not been made. It is true that in Freeman’s” 
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Fig. 36—Specimens Used by Paton and Co-Workers*® 


4.18 in. 4 for /. 
2.18 in. 4 for II. 
6.64 in. 4 for /Il. 


Moments of inertia 
Momenis of inertia 
Moments of inertia 


tests with a cover bar 12 in. wide, tearing of the plate 
around the welds was frequent. Yet welds only 3 in. 
long failed at the expected maximum throat stress. 
Any effect of width probably will be complicated by the 
thickness of the cover bar, for Vandeperre® observed 
pronounced curvature of thin wide cover bars of side 
fillet welds after test. The cover bars curved away from 
the middle bar, destroying friction. Paper models have 
illustrated the effect. 

Eccentricity of Welds.—Specimen J in Stecker’s investi- 
gation, Table 2 and Fig. 16, had eccentric welds and 
failed at 79% of the load of the symmetrical joint, J. 
The strength computed from a formula involving com- 
bined tension and bending indicated that the eccentric 
welds should have only 50% of the symmetrical joint. 

Scatter —The scatter of results with side fillet welds 
in Hankins and Brown’s® statistical analysis of 416 side 
fillet joints, Fig. 6, was intermediate between end fillets 
and butt welds (see section on Scatter under Symmetrical 
End Fillet Welds). Although there was no difference in 
mean maximum throat stress among flat, vertical and 
overhead welds, the mean deviation was 15-16% for 
vertical and overhead compared with only 11% for flat. 
These values were 2 to 4% lower and the strengths were 
3000 Ib./in.? higher, if welds made with Grade A elec- 
trodes only were considered. Abnormally low results 
never were obtained with Grade A electrodes. Scatter 
was not due primarily to errors in workmanship, be- 
cause the strength per linear inch of weld, which did not 
allow for variations in size, was in excellent agreement 
with the maximum throat stress, which made full allow- 


Fig. 37—Naka’s* Specimens Using Pipes as Cover Bars 
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ance for variations in size. The lower scatter with side 
fillets was related to their greater length (total of 12 in.) 
compared with the end fillets (total of 6 in.), as well as to 
friction between middle bar and cover bars. Friction 
arose from two sources: (a) contraction after welding, 
which probably caused greater bending in side fillets 
than in end fillets, and (b) bending under load. The 
geometrical shape of the specimens suggested that small 
differences in fitting the plates before welding’: ® af- 
fected the friction of end fillets under load to a greater 
extent than the friction of side fillets. In Gardner's‘ 
investigation, Tables 1 and 10, the range of maximum 
throat stresses was 62,700—79,500 Ib./in.? for end fillets, 
but only 42,700—51,300 Ib./in. for side fillets. 
Compression.—Both Freeman" and Kist” report higher 
maximum throat stress for side fillets in compression than 
in tension. In Freeman’s tests the compression results 
were 3000 to 5000 Ib./in.* higher than the tension, while 
Kist found 44,000 Ib./in.? in tension and 51,000 Ib./in.* 
in compression (compared with 58,000 Ib./in.? for an end 
fillet and 69,000 lb./in.? for the tensile strength of all- 
weld-metal). The side fillet specimen with machined 
fillets '/,-in. leg, 2 in. long in Fig. 44 (6) failed at a 
maximum throat stress of 63,500 Ib./in.? compared with 
64,000 Ib./in.? for end fillets, according to Loos and Dill.” 
Results obtained by Haldane and Roberts® with the 
specimen in Fig. 34, Table 13, were inconsistent. 


Fig. 38—Special Side Fillet Specimen Used by Kist*’ 


A comprehensive study of the side fillet in compression 
was made in 1932 by two Russian investigators," Table 14 
and Fig. 35 (a). Long welds failed at lower maximum 
throat stresses than short welds. On the contrary, in a 
later series of tests with the specimens in Fig. 35 (6), 
the same investigators secured higher maximum throat 
stress with the longer welds. 

Strength of Weld Metal.—Table 15 shows that the 
maximum throat stress of side fillet welds is 64 to 84% 
of the tensile strength of weld metal. In Gardner's 
investigation the percentage was 67 to 76. 


Comparison of End with Side Fillets 


In Gardner’s investigation the maximum throat stress 
in side fillets was 68% of the maximum throat stress in 
end fillets. Other authorities, Table 15, quote 60 to 
100%. 


Table 13—Compression Tests on Side Fillet Welds, Fig. 34. 
Haldane and Roberts*® 


Leg of Fillet Measured on 
Failed Specimen, In. 


Maximum Throat Stress, Lb./In.’ 


Single pass 49,000-7 1,000 
Single pass */i¢ 48,000-—68,000 
Single pass 7/s2 51,000-65,000 
Single pass '/, 52,000-62,000 
Double pass */3 72,500 (Total length of welds = 


23 in.) 


~ ‘The plates were tilted 45° to the horizontal during welding. 
Special attention was paid to axial loading. Craters were present. 
The bars did not reach the yield strength. No details of fractures. 
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Fig. 39—Single Side Fillet Weld Specimens Used by Paton and 
Shevernitsky* 


For details of tests see Table 17. 


Special Cover Bars 


Using angles as cover bars, Fig. 36, Paton and co- 
workers® found little difference between the three types 
of joints. All failed at a maximum throat stress of 57,- 
000--60,000 Ib./in.2 Reducing the distance in which the 
angles might bend toward each other by inserting spacers 
had no effect on maximum throat stress. Extensometer 
measurements showed that the angles reached the yield 
strength at about 75% of maximum load. Type III 
seemed to be slightly superior to the others. The re- 
results of tests® with pipes as cover bars are summarized 
in Table 16 and Fig. 37. The longer the welds, the lower 
was the maximum throat stress. Kist®” found that the 
specimen in Fig. 38 had the same maximum throat 
stress (44,000 Ib./in.”) as a double-strap side fillet welded 
joint, in agreement with the theory of constant energy of 
deformation. 


Intermittent Side Fillets 


The stress distribution and strength of intermittent 
side fillet welds have been studied by Naka,®® Table 12 
and Fig. 32. With the aid of a cosh formula Naka de- 
duced that the stress concentration factors are sub- 
stantially the same for short welds, but are lower for 
long intermittent side fillets than for equivalent con- 
tinuous side fillets. The maximum throat stress of 
intermittent side fillet welds was the same as for con- 
tinuous welds. Using bare electrodes, Bibber®* found 
that chain intermittent welds were stronger than stag- 
gered. 
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Non-Symmetrical Side Fillet Welds 


Single-strap side fillet joints (Specimen 3 in Fig. 9) 
failed at essentially the same maximum throat stress as 
a double-strap joint in tests by Hankins and Allan, 
Table 4. In Lobban’s® and Stecker’s™ investigations 
the single-strap joint had 95% of the maximum throat 
stress of a double-strap joint, Table 2. If the welds were 
of unequal length, Specimen H in Table 2 and Fig. 16, 
the maximum throat stress of the single-lap joint was 
lowered 22%, compared with a theoretical reduction of 
50%. 

The stiffness of the cover bar had no pronounced effect 
on maximum throat stress of single-bar joints, accord- 
ing to Paton and Shevernitsky,® Table 17, Fig. 39. The 
intermittent fillets were strongest. The specimen in 
Fig. 40 was used by Doussin”® for oxyacetylene welds in 
steel and light alloy sheet for aircraft. The breaking 
load increased linearly with increase in length of weld, 
which suggests that the maximum throat stress was in- 
dependent of length of weld. 

Instead of a flat cover bar, Davis and Boomsliter™ 
used an angle with one leg at right angles to the grip bar. 
The maximum throat stress was 32,000—34,500 Ib./in.’, 
which was believed to be less than the maximum stress 
that would have been developed by a double-bar joint. 
With a similar specimen Bright® reported a maximum 
throat stress of 63,000 Ib./in.*, whereas Griffith” secured 
28,000-32,000 Ib./in.* (no details). Griffith pointed out 
the prying action at the ends of the fillet created by 
bending of the non-symmetrical specimen. 


Symmetrical Box Fillet Welds 


In agreement with the Structural Steel Welding Com- 
mittee, two investigators found that the breaking load 
of box fillets (sometimes called compound or combined 
fillets) is the sum of the breaking loads of the side and 
end fillets alone. One investigator reports lower break- 
ing loads for box fillets than were expected from the 
sum of side and end fillets. A photoelastic study by 
Solakian® revealed nearly uniform stress distribution in 
the cover bars of a box fillet, except near the middle of 
the length of the side fillet. Here the stress was higher 
at the edge of the cover bar than at the center. Ina 
brittle varnish study of a box fillet weld (0.20-in. leg, 
cover bars 1.6 in. wide, 0.36 in. thick, side fillet 1.6 in. 
long), Cymboliste and Gerbeaux’ observed first per- 
manent deformation in the middle of the length of the 
side fillets at a throat stress of 31,000 lb./in® At 33,000 
Ib./in.2 strain appeared along the length of the end fillet 
at the throat. Fracture started at the end fillet, in 
agreement with other investigators. 

Using the box fillet specimen in Fig. 15, Godfrey and 
Mount™ found a maximum throat ('/,-in. leg) stress of 
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Fig. 40—-Weld Specimen Used by Doussin” and M’ Should Be 
of Such Dimensions That Fracture Does Not Occur in the Plate 


L=2F+16in. L’ = 2F+2.4in. F = 0.39, 0.79, 1.6, 2.4 
and 3.2 in. 

Sheet A: L = 3.2in.; M = 2.0 

Sheet B: L’ = 2.8in.; M’ =: 
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Table 14—Compression Tests of Side Fillet Welds, Fig. 35. Paton and Shevernitsky™ 


Maximum Maximum Length of Maximum 
Length of Each Throat Length of Each Throat Each of Throat 
of Four Side Stress, of Four Side Stress, Four Side Stress, 
Fillets, In. Lb./In.? Fillets, In. Lb. /In.? Fillets, In. Lb./In.? 
3.2 (20 X leg) 60,000 3.2 (13.3 X leg) 74,000 2.4 (7.5 X leg) 76,000 
4.8 (30 X leg) 76,000 4.8 (20 X leg) 59,000 4.7 (14.7 X leg) 63,000 
6.4 (40 X leg) 66,000 6.4 (26.6 X leg) 57,000 7.1 (22 X leg) 58,500 
8.0 (50 &X leg) 57,000 8.0 (33.3 X leg) 50,000 9.5 (30 X leg) 58,000 
11.8 (37 X leg) 51,500 


All specimens failed in the welds, which were made with 0.16-in. covered electrodes, 160-170 amp. Base metal contained 0.20 C, 0.32 


Mn, 0.20 Si. 


65,500 lb./in.,? which was the average of maximum 
throat stresses for side and end fillets alone. Freeman™ 
arrived at the same conclusion in his tests in 1931. 
Considering his measurements of the extension of end 
and side fillets alone as well as the extensometer research 
of Rosenthal in 1930, Gardner* concluded that it was 
safe to add end and side fillets using their respective 
strengths in designing box fillets. Inadequate capacity 
of the testing machine unfortunately prevented testing 
box fillets. The symmetrical double-strap box fillet 
tested by Lobban™ broke in the bars at 44% higher load 
than a single-strap box fillet of the same dimensions, 
which failed in the welds. Box fillets (0.28-in. leg) 
joining steel cover bars to wrought iron middle bars 
failed at a maximum throat stress of 36,700 Ib./in.* in 
tests by Paton and Grebelnik.” Since only two of 18 
specimens failed in the welds it is difficult to draw con- 
clusions, but comparison with side fillets alone suggests 
that the box fillet had the same yield load with, however, 
higher breaking loads. Probably end and side fillets 
were additive in the tests. 

The box fillet is not so strong as the sum of the side 
and end fillets alone, according to Vandeperre and Jou- 
koff,"* Fig. 41. Since failure always started in the end 
fillet even if the side fillets were unusually long, it was 
believed that the strength of the side fillet was not fully 
utilized in box fillets. If the strength of the end fillet 
was subtracted from the strength of the box fillet, the 
remainder, representing the load on the side fillet at 
failure, sometimes was only 52% of the strength of the 
side fillets alone. 
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Fig. 41—-Box Fillet Welds Do Not Have as High Strength as the Sum 
of the Strength of End and on hr Alone. Vandeperre and 
oukoff'® 


= length of side fillets. 

width of plates (length of end fillet). 

side fillets alone. 

box fillet specimen (2 end fillets with 4 side fillets corre- 
sponding to A). 

A + C = calculated sum of strengths of end and side fillets. 


Ordinates are ratios of strength of box fillets (lb./in.) to strength 
of end fillets alone. 
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Compression 


The dimensions of the joint in Paton’s*® tests, Table 
18 and Fig. 42, had practically no effect on maximum 


throat stress, which was about the same as for end fillets 
alone. 


Non-Symmetrical Box Fillets 


A single-strap box fillet (two side fillets each 3 in. 
long; end fillet 4 in. long) in Lobban’s* investigation 


Table 15—Comparison of the Maximum Throat Stress in 
Side Fillets with the Strength of End Fillets and Weld Metal 


Comparison of Side Fillets with Weld Metal 
Maximum Throat 

Stress of Side Fillet 

in Per Cent of Tensile 
Strength of Weld 


Tensile Strength 
of Weld Metal, 


Lb. /In.? Metal Reference 

57,000 84 Rosenthal and Levray* 
(1939) 

65,000 80 Holland firm” (1939) 

63,000 65-80 Freeman! (1932) 

67,000 79 Sampson® (1936) 

63,000—67,000 67-76 Gardner* (1939) 

72,000 75 Godfrey and Mount" 
(1939) 

63,000 54-68 Hankins and Allan*! 
(1934) 

70,000 61-67 Hudson and Jackson® 
(1937) 
Unionmelt weld 

69,000 64 Kist” (1936) 


Comparison of Side Fillets with End Fillets 
Max. Throat Stress 
Side Fillet 
Max. Throat Stress 
End Fillet, % 
100 (Side filler was 


Maximum 
Throat Stress 
of Side Fillet, Lb. /In.* 
51,000 (0.39-in. leg) 


Reference 
Bihler®™ (1933) 


lower if poorly 
welded) 
100 Brown* (1935) 
47,000 (0.08-in. leg) 98 Holland firm" 
(1938) 
57,000 (0. 16-in. leg) 93 Holland firm” 
(1938) 
45,000 (0.39-in. leg) 67 Holland firm" 
(1938) 
83 Griffin (1935) 
49,000 (compared 82 Bright** (1933) 
with single welded 
end fillet lap joint) 
(0.20 in. leg) 75 Vandeperre and Jou- 
koff® (1939) 
36,000 72 Rog (1936) 
50,000 70 Hankins and Brown’ 
(1938) 
35,000—-42,000 (Com- 58-70 (oxyacetyl- British Acetylene 


pared with double 


lene welds) 
welded lap end fil- 


Assn.” (1936) 


let) 
46,000 68 Gardner* (1939) 
44,000 60 Kist?? (1936) 
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Outside Length 

Type of Diameter Wall Thickness Width of of Each Leg of Maximum 

joint, of Pipe, Thickness, of Middle Middle Weld, Weld, Throat 

Fig. 37 In. In. Bar, In. Bar, In. In. In. Stress, Lb./In.? 
1 1.92 t/, 0.138 2.2 0.91-0.98 0.18-0.22 38,200—45,000 
2 1.92 0.165 3.3 0.91-0.98 0.180. 22 46,300—55,000 
1 3.0 3/5 0.165 3.3 1.30-1.38 0.26-0.31 32,700-33,700 
2 3.0 3/5 0.165 3.3 1.30-1.38 0. 26-0.31 31,000-32,000 
1 4.0 0.165 6.0 2.05-2.16 0.28—-0.33 26,800—31,100 
2 4.0 3/5 0.165 6.0 2.05-2.16 0.28-0.33 27 ,200-33,200 


Table 17—Stiff Cover Bars Have Little Effect on Single Bar 
Side Fillet Welds. Paton and Shevernitsky” 


Moment of Inertia of Maximum Throat 


Specimen, Fig. 39 Cover Bar, In.‘ Stress, Lb./In.* 
A 3.15 49,500 
B 0.72 42,500 
Cc 0.16 50,000 
D 3.15 - 51,500 (Intermittent fil- 


lets) 


=, 


Fig. 42—Compression Box Specimens Used by Paton and Shever- 
nitsky** 


broke in the welds at 131,000 Ib., compared with 71,000 
and 50,000 Ib. for the side and end fillets alone. Speci- 
mens with angles as cover bars, Fig. 43, were found by 
Davis and Boomsliter™ to have 24,700 Ib./in.2 maximum 
throat stress without a seal weld, and 27,200 Ib. /in.2 (in- 
cluding seal weld) with a seal weld, at which failure 
started. The throat stresses were below both side or 
end fillets alone (32,000—34,500 Ib. /in.’). 


Table 18—Compression Tests on Box Fillets, Fig. 41. 


Dimension of Joint, In. 


Length of Length of 

Each End Each Side Height of Height of Width of Width of 
Fillet, Fillet, Cover Bars, Middle Bar, Cover Bar, Middle Maximum Throat 
In In. In. In, In. Bar, In Stress, Lb./In.? 
2.4 2.4 3.2 3.2 3.2 4.0 49,500 
2.4 6.3 6.7 6.7 44, 500-48,500 
4.7 2.4 3.2 3.2 5.5 48,000-—51,500 
4.7 6.3 6.7 6.7 5.5 7.1 43,500—50,500 


0.39-In. leg; covered electrodes, 155-165 amp. 
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Table 16—Strength of Side Fillets® Using Pipes as Cover Bars, Fig. 37 


Plug Welds 


Tests of plug and slot welds almost always involve 
shearing stress at the faying surfaces. In the following 
section the expression “plug welds in tension’’ signifies 
that the tension is applied parallel to the faying surfaces, 
the weld being in shear. For “plug welds in compres- 
sion,’ the weld again is in shear, but the plates are in 
compression and tend to buckle. The following con- 
clusions are suggested by the literature. Plug and slot 
welds in tension and compression have 60-70% of the 
tensile strength of weld metal, based on the area of the 
hole. Low strength in tension is caused by eccentric 
specimens and by too large a hole. A large hole or slot 
permits failure to start at the circumference and to 
spread progressively and sometimes diagonally across the 
deposit. Low current may lower the strength 30% 
owing to poor fusion. The depth of fusion at the bottom 
of the hole has been important, but the nominal shear 
area yields practically the same maxjmum stresses as the 
actual area measured on the fracture. The ratio of 
diameter of hole to depth of filling is not important un- 
less it exceeds 4 or 6, beyond which the maximum stress 
falls rapidly. The full combined strength of both end 
fillet and plug has been secured in tension tests of com- 
bined fillet and plug joints, but the plates must be suffi 
ciently wide to prevent necking at the plug. In com- 
pression tests the full combined strength has not been 
attained. Slot welds are more prone to weak, progres- 
sive failure than plug welds, although the two types 
exhibit the same maximum stress under favorable con- 
ditions. A slotted specimen of weld metal yields 
strengths close to those exhibited by plug and slot welds 
in which failure occurs by face shear through weld metal. 


Plug Welds in Tension 


Filled Plugs.—A photoelastic study of models of plug 
welds by Bollenrath® showed that in a single-lap plug 
weld 1.2 in. long in bars 0.39 in. square the maximum 
stress concentration was 5.43 at the edge of the weld 
between, and along the center line of the plates. In a 
symmetrical joint (two cover bars and a middle bar 
each 0.39 in. thick) the maximum stress concentration 
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again appeared at the edge of the weld between the plates 
but was only 2.43 times the average stress in the bars. 
In a single-lap joint with two welds with edges 2.4 in. 
apart the maximum stress concentration was 4.3 at the 
outer edge of the welds. The spacing between the plates 
in the three specimens was 0.008 in. 

Using intermittent welding procedure and the eccen- 
tric tension shear specimen in Fig. 46, Gibson*® found 
maximum stress computed on the nominal shear area of 
33,300-39,300 Ib./in.2 for holes 1-1'/, in. diameter in 
mild steel '/, in. thick. The maximum stress with con- 
centric (symmetrical) specimens was 38,100-42,400 Ib./- 
in.? for holes 1—1*/,. in. diameter, one plug failing before 
the other in some specimens. Failure occurred along 
the plane between the two plates (face shear) in the ec- 
centric specimens, except for the 1*/,-in. plug which failed 
in tension at 33,300 Ib./in.? at the side of the hole fol- 
lowed by diagonal shear through the splug. Gibson 
deduced that there may be a limiting size of hole for 
each plate thickness (no details) in eccentric shear. 
The concentric shear specimens failed in face shear. 

In Troxell’s™ tests, Figs. 45 and 47 (a), the maximum 
stress and particularly the yield strength decreased as 
the ratio of plug diameter to plate thickness increased 
from 1.6 to 3.1. In mild steel '/2 in. thick, for example, 
plugs %/;5 and 1°/,». in. diameter failed at 50,200 and 
42,600 Ib./in.,? respectively. Troxell used his continu- 
ous welding procedure. Since the tensile strength of 
weld metal was 66,000-74,000 Ib./in.,? the plugs had 60 
to 70% of the strength of weld metal. On the other hand, 
Gibson™ found that as the ratio of plug diameter to 
thickness (*/s-in. plate) increased from 2.8 to 3.7, the 
maximum stress fell from 40,000 to 31,000 Ib./in.,? 
Fig. 47 (6). An unpublished study, conducted by H. W. 
Lawson (private communication, December 1941) for 
the Bethlehem Steel Company to determine the most 
efficient production method for making plug welds, 
appears to support the continuous welding procedure of 
Troxell’s report and indicates not only is the method 
productive of lower costs, and possibly better welds, but 
also confirms other tests indicating that a lower ratio of 
plug diameter to plate thickness is desirable. 

A plug weld */,-in. diameter (two cover bars */s in. 
thick, middle bar °/s in. thick) tested by Naito” failed 


ate 


at 54,500 Ib./in.2 The stress-strain curve (details lack- 
ing) revealed only 0.12-in. deformation at failure, com- 
pared with 0.35 in. for a side fillet of the same strength. 
A Polish investigator’ reported only 25,000 Ib./in.? for a 
plug 0.79 in. in diameter made with a bare electrode in 
wrought iron plates '/: in. thick. Filling the hole with a 
steel pin before welding raised the maximum stress to 
42,000 Ib./in.? (30-45 deg. chamfer on edge of holes). 

Partly Filled Plugs.—Plugs filled to only 40% of the 
depth of the hole had 51,450 and 55,700 Ib./in.? maximum 
stress in Troxell’s™ tests, Fig. 48, compared with 46,900 
and 43,350 Ib./in.? for filled plugs. The increase was 
attributed principally to lower shrinkage stresses and 
to a smaller extent finer grain structure in the partly 
filled plugs compared with the filled plugs. The de- 
formation of the partly filled plugs was not measured, but 
their yield strength was little higher than filled plugs. 

Fillet Plugs.—Eccentric tension specimens of fillet 
plugs in Gibson’s* tests in one instance failed at higher 
load than filled plugs, in another test at a lower load, and 
in a third test at the same load. The welds were in '/-in. 
plate, the holes being 1'/2 or 1°/, in. in diameter. Maxi- 
mum stresses based on the nominal leg of the fillet varied 
from 33,300—40,300 Ib./in.,? which was about the same 
as the filled plugs, which yielded more consistent results. 
Failure of the 1*/,-in. plug was by tension on the side of 
the hole, followed by diagonal shear. Gibson’s con- 
clusion, that the progressive failure of the 1*/,-in. fillet 
plugs by tension followed by diagonal shear lowered the 
strength, is not supported by his results. With con- 
centric tension specimens (!/s-in. plates, 1°/4-in. holes) 
the maximum stresses on the nominal leg were higher: 
40,800 and 44,100 lb./in.,? and failure was by face shear. 
Although Brown” maintained that fillet plugs had the 
same strength as end or side fillets, which he believed 
were equivalent, Gibson’s tests suggest that the break- 
ing load per linear inch of fillet plugs (based on the 
length of its center of gravity) may be a little lower than 
side fillets. 

Tension Plug.—Basing stress on the area of the sides 
of the hole, Fig. 46, Gibson* found a maximum stress of 
36,200 Ib./in.? for a plug '/2 in. deep, 1*/s in. in diameter 
in a plate 1 in. thick. A truncated cone (sides sloped 
15° to vertical) of weld metal pulled out of the plug, 
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the lower diameter of the cone remaining on the bar and 
being equal to the diameter of the plug. For 1°/,¢-in. 
filled plugs in '/>-in. plate the maximum stress was only 
26,000 Ib./in.2 The bending of the thin plate caused 
secondary stresses and premature failure. Fillet plugs 
1'/, in. in diameter, '/2-in. leg, in '/2-in. plates sheared 
through the throat at 14,000 Ib. per linear inch, based on 
the circumference of the center of gravity of the weld, 
compared with 18,000 lb./in. for side fillets. 


Plug Welds in Compression 


Filled Plugs——The specimens of Loos and Dill® in 
Fig. 44 (a) yielded an average maximum stress of 53,400 
Ib./in.2 based on actual area of hole and 54,000 Ib./in.? 
based on nominal area. The actual stresses ranged from 
44,600 to 67,800 lb./in.? for punched, drilled, oxygen cut 
or countersunk holes in plates '/,4 to 1 in. thick. The 
holes ranged in diameter from 7/1 to /1. in. for '/¢-in. 
plates and from 1*/1. to 17/,.in. for 1-in. plates. Failures 
were by face shear. The ratio of hole diameter to thick- 
ness varied only from 1.2 to 2.1. 

Studying a wider range of diameter-thickness ratios, 
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Fig. 44 (2)—Plug Weld Test Specimen and Compression Jig Used 
by Loos and Dill” 


Over two hundred plug welds were made by an experienced 
regularly employed welder, using A.S.T.M. grade 15 electrodes. 

Four plate thicknesses ('/,, '/2, 3/4 and 1 in.) and four methods 
of making holes (punching, punching and countersinking, drilling 
and gas-cutting) were investigated. Three sizes of holes, chosen 
to permit the use of standard size punches, were used with each 
combination of plate thickness and kind of hole. The counter- 
sunk holes ranged in !/s-in. increments from a minimum diameter 
equal to the plate thickness plus */j, in. to t + 7/j.in. The other 
holes ranged similarly from a diameter equal to the plate thickness 
plus °/,. in. to t + °/y in. The test joints were made in quad- 
ruplicate. No tack welds were used in their assembly. 

One hundred ninety-two of the plug welds were made in the 
flat position using the following technique: 

The arc was carried around the root of the joint and then weaved 
along a spiral path to the center of the hole, depositing and fusing 
a layer of weld metal in the root and bottom of the joint. The arc 
was then carried to the periphery of the hole, and the procedure 
repeated, depositing and fusing successive layers to fill the hole 
to the depth required. The slag covering the weld metal was kept 
molten, or nearly so, until the weld was finished. If the arc was 
broken, except briefly for changing electrodes, the slag was allowed 
to cool and was completely removed before restarting the weld. 

All the welds except those in the l-in. plate were made flush 
with the plate surface. The welds in the l-in. plate were made 
only about 5/, in. deep by depositing two '/,- x 14-in. electrodes 
in each hole. 

The size of electrode chosen for each hole was governed by the 
hole diameter and the plate thickness. In making these welds 
the electrode was held in a nearly vertical position, and its maxi- 
mum deviation from the vertical was never more than 20°. 

The twelve vertical position welds were made flush with the plate 
surface, using °/s, x 14-in. electrodes, as follows: 

The arc was started at the root of the joint, at the lower side of 
the hole, and carried upward along a zigzag path depositing a 
layer about */;. in. thick on the root face and fused to it and to the 
side of the hole. After cleaning the slag from the weld, other 
layers were similarly deposited to fill the hole to the required depth. 

During testing there was no separation of the joint plates betore 
the maximum load was reached and the Welds showed remarkable 
toughness. The welds in the '/2, */, and 1-in. plate did not fracture 
completely within the '/,-in. deformation permitted by the jig and 
had to be pried apart after they were removed from the testing 
machine, 


Figs. 47 (a) and 49, Troxell” found that the larger holes 
had lower yield and maximum stresses. In Gibson’s* 
tests on '/:-in. plates Fig. 46 the maximum stress was 
42,000-44,000 Ib./in.* for holes 1- or 1*/, in. in diameter, 
failure occurring by face shear. A hole 1*/, in. in diam- 
eter (diemeter : thickness ratio = 3.5) failed at only 


Fig. 44 (b)—Combined Plug and Fillet Weld Specimens Used by 
Loos and Dill* 
Fillet welds machined to 1/, x '/, x 2-in. fillets; plug welds, 
13/,¢-in. diameter; plate thickness presumably in. 
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Fig. 44 (c)—Slot Welds Specimens Tested by Loos and Dill” 


The plates were '/2 in. thick and the welding technique was the same as for plug welds. 


Flat position welds 


were made with */,-in. covered electrodes; vertical position welds were made with 5/»-in. covered electrodes. 
Welds made in the vertical position had about the same strength as welds made in the horizontal position. 


Stress on Slot, Lb./In.? 


Nominal Shear on Slot, Lb./In.* 


11/3 in. 18/16 x 1/4 in. 16/16 x 2 in. Average, Lb./In.? 
Longitudinal 53,900 49,800 49,100 50,900 
Transverse 54,200 54,400 55,600 54,700 
Ib./in.* in Gibson’s tests, perhaps because cracks occurred 
—— + 5 during cooling. For a reason not fully explained, the 
ad maximum stress rose linearly from 35,000 to 51,000 Ib./- 
1 fecentric Concentric Plug and Fillet 
Compression Sheer of Plug Weld Concentric Tension Shear of Plvg Weld Tension Shear| 7ernsion Shear Lge Soinr 
‘ 
rea | 4 
a 
* 
Compression Shear of Compression Sheér 
Transverse Slot Weld Long tudinal 
Fig. 45—Slot Weld Specimens Used by Troxell’! = 


38,200 Ib./in.,? but exhibited poor fusion. Failure was 
progressive, apparently starting at the circumference in 
line with the load. The low strength of the 1°/,-in. 
hole is in agreement with Gibson’s theory that the load 
in tension on the semi-circumference of the hole should 
not exceed the shear strength. Nevertheless, there was 
progressive failure but no tension failure of the 1°/,-in. 
plug in '/2-in. plates. Furthermore in a series of tests to 
elucidate the effect of diameter : thickness ratio, which 
ranged from 1.0- to 3.5-in. plates '/, to 5/s in. thick, the 
maximum stress not only decreased beyond 3.0, but also 
decreased below 2.0, presumably owing to poor fusion 
in the small holes. Gibson did not believe that friction 
between the plates accounted for more than 2000 Ib./in.? 
of the strength of his specimens. 

By drilling the hole through both plates and filling 
with weld metal Gibson was able to raise the maximum 
stress up to 9000 Ib./in.? These continuous plugs had no 
fusion line called burnt zone by Gibson, through which 
fractures of simple plugs (hole in only one plate) always 
passed. The tensile strengths of the weld metals were 
not stated, but one electrode developed 50,000 Ib./in.? 
as a simple plug and another ('/2% Mo) had 53,000 Ib./- 
in.? as a continuous plug. Both Gibson and Loos and 
Dill showed that vertical position plugs could be made 
to have the same maximum stress as plugs welded in the 
flat position. Bare electrodes had only 34,000 to 40,000 
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Fig. 46—Plug and Slot Weld Specimens Used by Gibson*! 


The over-all dimensions of the 1 in. wide slotted shear test plates 
are9x4x#/,in.; the two 45° slots are '/, in. wide; the inside 
corners of the plates are rounded; and the shear area of weld 
metal is */s by '/, in. The welding was done with #/j.-in. heavy 
coated electrodes held at a 30° angle and moved in a circular 
motion around the hole. Two passes of the electrode deposited 
about '/s in. of weld metal in the filled plug welds. The tension 
plug procedure is identical except that the plug is welded on the 
end of a 1'/:-in. diameter round bar. 
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Fig. 47 (2)—Effect on Shear Strength of Ratio of Filled Plug Diameter 
to Plate Thickness. Troxell’ 


The nominal shear strength was a little smaller than the actual 
shear strength. 


in.’ as the current was increased from 150 to 300 amp. 
for one of Gibson’s electrodes. The highest stress 
(51 000 Ib./in.*) was believed to be the shear strength of 
weld metal unaffected by the “burnt” fusion zone while 
the low strength at low current were related to poor fu- 
sion. 

Partly Filled Plugs.—Up to a ratio of plug diameter to 
depth of filling of 4 or 6 in Gibson’s* tests, Fig. 50, the 
maximum stress remained at 40,000 Ib./in.2 When the 
plugs were filled only slightly (ratio = 9), the strength 
fell to 22,000-33,000 Ib./in.2 Face shear was replaced 
by weak diagonal shear at the higher ratios. Since the 
ratios used by Troxell * Fig. 48, did not extend beyond 
6, his results show only that the strength increased as 
the plugs were made more shallow because the shrinkage 
stresses were believed to be lower. 
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Fillet Plugs.—Gibson was unsuccessful in testing fillet 
plugs '/2-in. leg in 1*/,-in. holes in '/,-in. plates because 
the plates buckled. The bearing friction created thereby 
forced the breaking load to fictitiously high values up 
to 50,000 Ib./in.,? compared with 40,000—44,000 Ib./in.? 
for eccentric and concentric tension shear specimens. 


Combined Plug and Fillet Welds 


The specimens in Fig. 44 (b) failed in Loos and Dill’s™ 
tests at an average maximum load of 69,000 Ib. The 
range for the four specimens was 67,500-71,100 Ib. 
Since the fillets alone failed at 45,000 Ib., the plug added 
only 24,000 Ib. which is less than half the breaking load 
of the plug alone. Varying the space between plug and 
fillet had no effect. The investigators remarked upon the 
complex distribution of stress in the joint. 

In Gibson’s* tension tests of combined plug and end 
fillet welds, Fig. 46, the full strength of both plug and 
fillet was developed, provided that there is sufficient 
distance (2'/» in. in a joint with '/»-in. plates 6 in. wide 
and plug 1'/s in. in diameter) between the edge of the 
plate and the edge of the plug. Under these conditions 
failure occurred through the throat of the end fillet. 
If, on the other hand, the plug-welded plate was too 
narrow (4 in. wide) it necked at the plug and failed at 
abnormally low stress around the tension edge of the 
plug. Instead of developing a maximum stress of 
50,000 Ib./in.,? the plug weld in the narrow specimens 
failed at only 15,000—34,000 Ib./in.*, assuming the end 
fillet at full strength. The edge spacing will not affect 
compression specimens, as Loos and Dill® showed. 
Joggling one of the plates had ne effect. Gibson be- 
lieved that the plug should be four diameters away from 
the fillet. 


Slot Welds 


The transverse filled slot welds in '/»-in. plate tested 
by Loos and Dill,” Fig. 44 (c), averaged 54,700 Ib./in.? 
maximum stress on the nominal shear area of the slot 
compared with 54,000 Ib./in.2 for plug welds. The 
longitudinal slots averaged only 50,900 lb./in.2 The 
investigators concluded that there was no essential dif- 
ference between longitudinal and transverse, the average 
stress on the actual shear area of both being 52,400 Ib./ 
in.? compared with 52,800 Ib./in.? on the nominal area. 

Both compression and tension tests of slot welds were 
made by Gibson.** Longitudinal and transverse slots, 
either 1°/;_. x 2°/i6 in. completely filled in plates 6 in. 
wide, '/, in. thick, or 1'/, x 2'/¢ in. filled to a depth of 
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Fig. 47 (b)—Effect of Diameter of Hole on Efficiency of Plug Welds 
in Eccentric Tension Shear. Gibson"! 
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Fig. 48—Effect on Shear Strength of Ratio of Plug Diameter, D, to 
Depth of Filling, P. Troxell’ 


All specimens were welded in a steel fabricating shop using 
A.S.T.M. A9-36 plates. All holes for the plug-weld specimens 
were drilled. The slots were drilled and chipped to size. In order 
to obtain results comparable to those for rivets utilizing the same 
size of hole, all plug welds were made in the regular rivet hole 
sizes, €.g., in., in., etc. The edges of the compression 
shear specimens were rounded to prevent the plates from digging 
in to each other when tested. 

Except for the first seven specimens fabricated (Specimens A-la 
to A-7a) in which heavy-coated, general-purpose welding electrode 
was used, all welds were made using heavy-coated electrode 
designed for ‘flat welding of deep groove joints in mild steel.’ 
The weld metals of both rods have a tensile strength of 66,000- 
74,000 Ib./in.? “Reversed” polarity current (in which the welding 
electrode is positive and the work negative) was used for all speci- 
mens because it seemed to give better penetration than straight 
polarity with the electrodes used. 

Two distinct welding procedures, designated as A and B, were 
used in fabricating the plug-weld specimens. The former is the 
conventional intermittent procedure, whereas the latter is a much 
simpler, continuous one. Procedure A was used by Gibson. 

Welding Procedure A—All welds by procedure A were made 
using #/;-in. heavy-coated electrode using the maximum current 


(225 amp. at 35 v.) of the range recommended by the manufac. 
turer. In the first pass with the electrode the corner between the 
edge of the hole and the plate is filled up. The electrode is jn. 
clined about 30° from the vertical edge of the hole and about the 
normal amount in the direction of welding. After the first pass, 
which forms a corner fillet, the center portion is filled up by the 
ordinary weaving motion. The slag is then chipped and blown out 
of the hole. By similar succeeding passes the hole is finally filled 
the required amount. 

Welding Procedure B—The majority of the specimens were 
welded using a procedure designed to eliminate the handicap 
features of procedure A. It involves the welding of the plug all in 
one operation by allowing the molten slag to be floated out. It is 
only adaptable to welding in the flat position. As for procedure A, 
the first pass with the electrode serves to fill up the corner between 
the edge of the hole and the plate. In this case, however, the rod 
is held practically vertical (within 5°) during the entire welding 
operation. This considerably simplifies the manipulation of the elec. 
trode in comparison with procedure A, for which case the angle of 
inclination is 30°. The ordinary weaving motion for flat welding 
completes the first pass. This is repeated without stopping until the 
series of passes brings the plug to the desired level. The actual 
welding is thus a continuous process until this level is reached, or 
the welding rod is used up and requires replacement. An excep- 
tionally high arc current is used to furnish sufficient heat to keep 
the slag in a molten condition so that it floats up ahead of the plastic 
weld metal deposited. The surrounding metal is hot enough from 
the heat of the high current so that ordinarily the slag does not 
freeze around the edges of the hole and thus prevent fusion be- 
tween the weld and the plate, as has been experienced when using 
the lower arc currents of procedure A. 

The plug-weld compression shear specimens were all welded 
with 5/\-in. rod at 375 amp. and 35 v., except for the 14/,.- and 
18/,.-in. plugs which were welded with '/,-in. rod at 325 amp. and 
35 v. The smaller rod was used for these small holes to slow up 
the operation and give the welder better control of the welding 
process. 

The tension shear specimens were welded using higher currents 
than were used for the compression shear specimens. This was 
necessary to get good penetration in the thick (1, 1!/, and 1/, in.) 
center plates because of the rapid heat absorption of these thick 
plates. For the and holes in '/2-in. plate, 1/,-in. elec- 
trode at 475 amp. and 40 v. was used. All other specimens were 
welded with 5/i-in. rod at 550 amp. and 45 v. Both of these 
currents are above the maximum recommended current, so that 
the electrode had an especially high melting rate. 

The slot-welded specimens were welded using 5/js-in. electrode 
at 550 amp. and 45 v._ Even with this high current it was difficult 
to keep the slag in the long slots in at least a semi-molten condition 
so that the process could be continuous. 


'/. in. in plates 6 in. wide, */4 in. thick had 39,000- 
42,000 Ib./in.? maximum stress. Fractures were in face 
shear. The slots in the thinner plate had the lower 
strengths because the plates had inadequate stiffness to 
distribute the load uniformly over the weld. As a result 
the weld failed first at the edges. A longitudinal fillet 
slot, '/o-in. leg, 1'/4 x 2'/2 in. in */,-in. plates failed at a 
stress of 38,200 lb./in.? based on the leg. An identical 
transverse fillet slot failed at 45,700 lb./in.? 

Eccentric tension tests, Fig. 46, of filled slots in '/2-in. 
plate by Gibson* revealed maximum stresses of only 
31,000—33,000 Ib./in.2 The prying at the ends of the 
longitudinal slots caused premature, progressive failure, 
while in the transverse slots failure began at one end, 
because the plate was insufficiently rigid to distribute the 
load uniformly. The load-deformation curves for the 
slot welds were practically identical with curves for plug 
welds of the same strength. 

As the length of the slot weld was increased in Trox- 
ell’s compression tests, Figs. 45 and 51, the maximum 
stress rose, especially for longitudinal slots. Duchinsky” 
likewise reported an increase in maximum stress with 
increase in length of longitudinal slots, Fig. 52 (no details). 


Combined Slot and Fillet Welds 


Dobson” reported tests of combined end fillets 18 in. 
long, and intermittent slots, filled or fillet. The filled 
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Fig. 49—Effect of Welding Procedure on Shear Strength of Filled 
Plugs in '/:-In. Plate. Troxell‘ 


Gibson used the intermittent procedure. The difference between 
procedures could hardly be attributed to grain'structure. Various 
electrodes with different slag characteristics were used in the two 
procedures. Specimens with poor fusion had low strength. Blow 
holes, however, had little effect. 


slots were stronger than the fillet slots (details of the 
tests are lacking) aud fracture passed through the slot 
welds in both specimens. 


Shear Strength of Weld Metal 


The slotted plate shear specimen of weld metal, Fig. 
46, was believed by Gibson* to exhibit the shear strength, 
Table 19. The strength of the slotted specimen in ten- 
sion generally was higher than the continuous plug in 
compression. 
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Table 19—Shear Test of Weld Metal in the Slotted Plate 
Specimen, Fig. 46. Gibson" 


———Maximum Shear Stress, Lb. In.* 
Slotted Simple 

Electrode Specimen* Plugt Continuous Plugt 
A 47,800—50,400 41,800 44,800 
B 47,400 41,800 49,800 
C ('/2% Mo) 53,700 43,900-44,400 53,000 
D 53,800 44,900-46,800 50,400 (Porosity) 
E 53,000 48,400-50,500 52,200 (Porosity) 


* Shear area '/, x */¢ in. and was corrected for variations in each 
test. 

t Compression shear filled plugs 1°/j. in. diameter in plates 4 x 
2 in. 

t Compression shear filled plugs 14/\. in. diameter in plates 6 x 


1/9 in. 
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The hole diameter (D) ranges from '5/;5 to 13/, in.; the plug depth 
(P) ranges from to in. 
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Suggested Research Problems 


The following problems were Suggested by Dr. D. 
Rosenthal: 


1. The influence of buckling of cover plates on the 
strength of end fillet welds submitted to compression. 
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Fig. 52—Results of Tests on Slot Welds by Duchinsky”* 


Covered electrodes were used. The tensile strength of the 


plates was 36,000-50,000 lb./in.? The plates appear to have been 
0.32 in. thick. 
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Increasing buckling will be found, when increasing the 
size of the fillet weld with respect to the thickness of 
plates. 

2 The influence of surface friction between cover 
plate and central plate on the resistance of side fillet 
welds submitted to compression. It can be anticipated 
that this resistance will approach the value given in 
tension as the surface friction will decrease. 

3. Influence of increasing loading upon the amount 
and distribution of residual stresses in side and front 
fillet welds. Should the stress distribution across the 
thickness of the throat be uniform, then no residual 
stress can occur until the whole thickness has reached the 
elastic limit of the weld. 

Additional suggestions by H. W. Lawson are: 

4. Employ '/, in. and °/i. in. Type 6020 electrodes 
to make plug welds in */s- to 1'/s-in. plate, increasing by 
eighths, using a plug diameter in each case, —*/j¢ in., 
in., in. and in. over the plate thick- 
ness, testing some specimens in each group in shear and 
some in tension. 


New Method of 
Cleaning Alclad for 
Production 
Spot Welding 


By Fred Morris* 


NE phase of the problem of production spot 
welding of Alclad involved the development of a 
method of preparing the surfaces of the metal to 

secure a satisfactorily low surface resistance between the 
parts to be welded, and to do it consistently. A satis- 
factory method was developed and a number of com- 
panies have been furnished the data in the past few 
months. The details are set down here for others who 
may find them useful in the furthering of our victory 
prorgam. 

Where quantities are small, the old reliable method of 
preparing the surface with a rotating wire brush is suit- 
able. However, such a method is too slow, and requires 
too much man power for today’s requirements, and in- 
volves the human element which results in variable de- 
grees of cleaning. Therefore, chemical cleaning processes 
were investigated to speed up output of parts for spot 
welding. Some chemical processes did not give con- 
sistently good welds, others required that the pieces be 
welded within a few minutes or few hours of the cleaning 


* Engineering Department, Fleetwings, Inc. 
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5. Desirable research on fillet welds would be an 
extension of the work of Norman G. Schreiner on fillet 
welds under combined shear and moment, particularly to 
determine shear distribution and the best method for 
computing combined stresses. This has been touched on 
in Schreiner’s Report, but more data are needed particu- 
larly where the ratio of lever arm to length of weld is 
less than unity. Also similar information is very de- 
sirable for butt welds, with the two investigations either 
combined or correlated for comparative purposes to see if 
similar design methods apply. For example, shear and 
moment stresses may be combined by the vector method 
for fillet welds and the principal stress method for butt 
welds. Also, is the shear stress at the ends of the welds 
zero, according to the beam theory or equal to the aver- 
age shear for the section, or does a greater than average 
shear exist at the extreme fibers where the moment 
stresses are a maximum? These tests could be made on 
pairs of wing plates attached to column stubs by fillet 
or butt welds, much as beam to column connections have 
been tested 


process. In mass production such critical methods are 
unsatisfactory because some production parts require 4 
to 12 hr. to assemble after cleaning for spot welding 
The method of cleaning finally adopted permits the 
parts to be welded at any time within three days after 
the cleaning operation, and also gives consistent results 
as far as weld strengths are concerned. The details of 
operation are as follows: 
(a) Oil, identification marks and other foreign sub- 
stances are removed by immersing the parts in an 
aluminum cleaner, such as Navy Spec. C-67B, at 190° F. 
or higher for approximately 5 min. In case the parts are 
heavily coated with oil or grease, such as used in punch 
press operations, a trichloroethylene degreaser is used. 
(6) If aluminum cleaner is used, parts are thoroughly 
rinsed in cold running water. 
(c) Parts are dipped for about 1 min. in a 20% by 
volume nitric acid solution. 
(d) Parts are thoroughly rinsed in cold running water. 
(e) Parts are dipped for 45 sec. in a 6-oz.-per-gal. 
solution of Oakite No. 30 at 200° F. 
(f) Parts are thoroughly rinsed in cold running water. 
(g) Parts are dipped for about 1 min. in nitric acid 
as in (c). 
(hk) Parts are thoroughly rinsed in cold running water. 
(t) Excess water is removed from parts by blowing 
with clean compressed air and where necessary are wiped 
with a chamois. 
(j) After drying, parts are assembled for spot welding 
which may be done any time within three days with as- 
surance of consistent welds. 
Even though this new method for cleaning Alclad has 
been an important factor in Fleetwings’ fabrication 
progress, constant research continues under way to assure 
additional improvements. 
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Introduction 


HE distortion which takes place in an electrically 
welded structure is familiar to all who have had 


experience in this type of work. This distortion, 
produced by the high temperatures to which the parts 
adjacent to the weld are raised, is not only present dur- 
ing welding, for it is found that a permanent deformation 
remains when the structure has cooled to normal temper- 
ature. The existence of this deformation implies the 
presence of considerable internal stresses resulting mainly 
from the contraction of the weld metal as it cools down 
after deposition. In many cases the observed deforma- 
tions are so large that they preclude the possibility that 
they represent elastic strain only, and it becomes evi- 
dent that they must be made up in part by elastic strain 
and in part by permanent or plastic deformation. 

The subject has been studied primarily by Boulton, 
Lance Martin, and Jamieson. Boulton and Lance Mar- 
tin' investigated the residual stresses parallel to the 
welded edge and concluded that as the heat from the 
traveling arc penetrated into the plate, the steel near the 
welded edge, being unable to expand freely, sustained a 
high compressive stress under which it yielded plasti- 
cally. At some instant this plastic yielding penetrated 
into the plate a minimum distance, beyond which the 
steel behaved elastically throughout. During subse- 
quent cooling, the plate strained elastically except near 
the welded edge where the material became stressed to 
the tensile yield point. Lance Martin? continued this 
work with more refined measurements both parallel and 
perpendicular to the welded edge. His results confirmed 
those of Boulton and Lance Martin. 

Another thorough investigation of residual stresses in 
rectangular plates with beads deposited on two opposite 
edges has been made by Jamieson* whose results are in 
qualitative agreement with those of Boulton and Lance 
Martin. 

In another series of experiments Jamieson‘ studied the 
effect of different welding conditions upon residual 
stresses. His results show that for the particular type of 
specimen involved, two layers created higher stresses 
(parallel to the welded edges) than a single layer of the 
same cross section. 

The severity of the stresses resulting from contraction 
on cooling may be gaged by the fact that welds some- 


* This report was submitted in partial fullfilment of the requirements for 
the degree of Master of Science, in the Department of Mechanical Engineering, 
in the Graduate College of the State University of lowa, lowa City, lowa. 
Contribution to the Fundamental Research Division, Welding Research Com- 
mittee. 

t Instructor in Machine Design, School of Mechanical Engineering, Purdue 
University. 


The Effect of Preheating Temperature 
Upon Shrinkage Stresses in Welded 
High-Tensile Steel Plates 


By Richard W. Leutwiler, Jr.’ 
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times crack on cooling down to normal temperature, 
indicating the presence of high internal stress conditions. 
However, it is important to recognize that the absence of 
cracking is no indication that serious internal stresses do 
not exist. It is not surprising, therefore, to learn that 
one of the greatest difficulties encountered in the fabri- 
cation of welded machines and structures is the preven- 
tion and removal of shrinkage stresses resulting from the 
welding operation. 

The removal of residual or shrinkage stresses by heat 
treatment is common practice for many products, for 
example, glass, castings, steel pressure vessels and many 
other items. Stress relief by annealing, which involves 
heating the stressed material to some predetermined tem- 
perature to permit plastic flow or creep, is effective in 
lowering residual stresses caused by welding. 

An extensive research on stress annealing arc welds in 
hot rolled low-carbon steel has been made by Jennings’ 
who annealed welded test plates for different periods of 
time and at different temperatures. He concluded that 
1100° F. (590 to 650° C.) the best stress annealing tem- 
perature; the best rate of heating being 200° F. per hour 
(110° C.); and the material should not be removed until 
the furnace has cooled below 300° F. (150° C.). 

Boulton and Lance Martin! reached the conclusion 
that under suitably controlled conditions annealing re- 
moved most of the residual stress produced by welding, 
a fact which was also confirmed by Benson and Allison.° 

With some structures, notably those made of high 
tensile steel it is claimed possible to reduce the residual 
stresses by preheating and welding hot. However, there 
seems to be no information in the literature on the sub- 
ject of preheating stress relief of welded joints. The 
question then arises; has preheating reduced the shrink- 
age stresses? If so, what is the most effective range of 
preheating temperatures. It was the object, therefore, 
of the present investigation to determine whether pre- 
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Fig. 1—Details of Test Plate Layout 
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Fig. 2—Measuring Instrument Details 
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heating reduces the shrinkage stresses in welded high- 
tensile steel, and also to study the effect of various pre- 
heating temperatures upon shrinkage stresses. 


Preliminary Considerations 


The magnitude of stresses in a steel plate cannot be 
measured directly but must be inferred from strain 
measurements. If it can be shown that part of the plate 
remains elastic throughout the heating and cooling caused 
by depositing weld metal along an edge, the residual nor- 
mal stresses in this part may be directly inferred from the 
measured residual strains, if the elastic constants are 
known. However, in any portion of the plate which 
has been strained bevond the elastic limit, the measured 
strains cannot be directly converted into stress. The 
immediate object of these experiments was therefore to 
measure the longitudinal strains which remain in the 
welded plate after it has cooled to room temperature. 

Residual strains in metals caused by welding are usu- 
ally measured by means of the “subdivision method” 
of which there are many variations. The “subdivision 
method”’ commonly used for measuring welding strains 
consists of marking gage points a known distance apart 
on lines parallel to the completed weld. The distance 
between gage points is usually measured by means of 
any sensitive measuring instrument such as a microm- 
eter, extensometer or comparator. The metal contain- 
ing a pair of gage points is then removed from the welded 
part by machining. All forces acting on this strip of 
metal due to its surroundings having been destroyed, the 
strip becomes essentially free from stresses. The dis- 
tance between gage points is again measured. If the dis- 
tance has increased then the gage length must have been 
compressed by its original surroundings in the direction 
of the line connecting the points. If the distance after 
cutting is found to be less than the distance before cut- 
ting, there must have been a net tensile stress acting 
along the line between the gage points. The net strain 
is the average over the gage length and is considered as. 
acting at the mid-point of the gage length. 

Calculation of the average stress at the mid-point of 
the gage length from the observed unit strain requires a 
knowledge of what kind of stress condition is being 
studied. If it is believed that the only direct stress acting 
on the gage length was in the direction of the line joining 
the gage points then the average unit stress can be found 
by use of the Modulus of Elasticity of the material being 
investigated. This can be represented as follows: 


Ss 


and 
5 = 
where 
= modulus of elasticity for the material (psi.) 
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unit strain (in. per inch) in direction of the line 
joining the gage points 

Sy unit stress (psi.) acting in the direction of the line 
joining the gage points 


If, on the other hand, the only direct stress acting on the 
strip is known to act at right angles to the line joining 
the gage points, then the average stress can be found 
from Poissons Ratio for the material being investigated. 
Poissons Ratio is defined as the ratio of the lateral unit 
strain to the longitudinal unit strain. This can be repre- 
sented as follows: 


but 


and 
_ 
m 
where 


unit stress (psi.) acting in the direction of the line 
at right angles to the line joining the gage 
points 

Poissons Ratio 

unit strain (in. per in.) in the direction at right 
angles to the line joining the gage points 


ss = 


m= 


Ye 


In the former case the calculated stress acted along the 
line joining the gage points, in the latter case the calcu- 
lated stress acts at right angles to the line joining the 
gage points. 

In the usual welded joint, as is well known, there are 
strains both parallel and perpendicular to the joint, and 
it may readily be conceived that the rtsidual stresses will 
also be of two kinds: parallel and perpendicular to the 
joint. Since the gage points in the subdivision method 
are always on or close to the surface, the results are in 
terms of surface stresses. For thin plate, say up to '/; 
in., the variation of residual stresses across the thickness 
of the plate may be neglected. For thick plate, however, 
the third principal stress in the direction of the thick- 
ness of the weld becomes important. The subdividing 
cuts necessary to determine the third principal stress are 
then along planes parallel to the plane of the plate. 


Experimental Procedure 


A plate having beads of weld metal deposited on one 


Fig. 2(a)—The Measuring Instrument Used in These Experiments 
with Plate in Position Ready to Read 
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or more edges is an interesting subject for residual stress 
determination because the common unbeveled butt weld 
may be regarded as composed of two plates with beads 
deposited on adjacent edges. 

The design of the test specimens used in this investiga- 
tion is shown in Fig. 1. The specimens were made from 
plates of ordinary high-tensile steel having the chemical 
and physical properties indicated in Table 1. The 


Table 1—Chemical and Physical Properties of the Test 
Plates in the ‘‘As- ived‘’ Condition 


Chemical Composition, % 


Carbon 0.09 
Manganese 0.61 
Phosphorus 0.115 
Sulphur 0.022 
Copper 1.07 
Nickel 0.63 
Silicon 0.016 
Physical Properties 
Tensile strength 76,390 psi 
Yield point 54,460 psi 
Elongation in 8 in. 26% 
Reduction in area 55% 


Modulus of elasticity 30,000,000 psi. 
Thermal Properties 


Transformation Points 


Ac 1335° F. An 1318° F. 
Acs 1446° F. Ar: 1420° F. 


Acs 1650° F. Ars 1625° F. 


Fig. 3--Welding Fixture With Plate in Position Ready to Weld 


length of the specimens was in the direction of rolling. 
The specimens were cut to approximate size by the sup- 
plier. After being received the long edges were machined 
so that all plates were of approximately the same width 
The plates were then annealed by heating to 1700° F. 
(926° C.) and held at this temperature for a period of 20 
min. The plates were then allowed to cool in the fur- 
nace. Certain selected areas similarly situated on both 
faces of the plates, as shown in Fig. 1, were polished to a 
mirror-like finish. The gage lines across the width of 
the plate were then made using a finely pointed steel 
scriber. The distances between gage lines were con- 
trolled by a special gage piece. The longitudinal gage 
marks were then made using a special gaging square de- 
signed so that each of the gage mark intersections would 
be located at approximately the same position on each of 
the plates. 

Precise measurements of distances between the inter- 
secting gage marks measured parallel to the long edge of 
the plate were next undertaken. This was done by 


Fig. 4—Distortion of the First Strip Removed from Plate | 


means of an instrument designed and built by the author, 
the general layout being illustrated in Figs. 2 and 2 (a). 
This instrument consisted of a heavy cast iron base upon 
which was mounted two Z-shaped brackets. The pur- 
pose of these brackets was to support the two micro- 
scopes. One of the microscopes was attached firmly to 
its supporting bracket. The second microscope was de- 
signed so that it could be moved parallel to the line con- 
necting the brackets. It was operated by means of a 
screw and nut arrangement which was driven by a worm 
and worm wheel combination. This unit was mounted 
on the second supporting bracket. There were 100 divi- 
sions on the periphery of the handwheel which was 
mounted on the worm shaft. The ratio between the 
worm and worm wheel was 50 to 1, and the pitch of the 
lead screw was0.5mm. Each division on the handwheel 
corresponded to a movement of 0.0001 mm. (0.0000039 
in.). Readings were taken for single direction rotation 
of the handwheel which eliminated the possibility of back- 
lash affecting the comparative measurements. A dial 
was mounted on the worm wheel shaft and calibrated to 
indicate single revolutions of the handwheel. 

A reading was taken by adjusting the position of the 
test plate until the desired gage mark on the plate coin- 
cided with the cross hair in the eyepiece of the stationary 
microscope. The traveling microscope was moved by 
rotating the handwheel until the cross hair in the eye- 
piece coincided with the corresponding gage mark. 
Dial readings for the position of the worm wheel shaft 
and handwheel shaft were recorded. Similar readings 
were taken at each of the six sets of gage marks on both 
sides of each test plate. 

The plates were preheated in a gas fired furnace and 
were maintained at the desired preheating temperature 
for a period of 15 min. to insure that the plates had 
reached a uniform temperature throughout. The range 
of preheating temperatures was 0, 50, 100, 150, 200, 250, 
300, 350 and 400° C. (32, 122, 212, 302, 392, 482, 572, 


,662 and 752° F.). The plates were then removed from 


= ~ 


Fig. 4(a)—-Comparative Distortion Between the First Strips Removed 
from Plate I and Plate IX 
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g. 5—The Effect of Preheating Temperature Upon the Radius of 
Curvature of Strip ‘‘A’”’ After Subdivision 


Fi 


the preheating furnace and placed in a specially designed 
fixture lined with magnesia block insulation as shown in 
Fig. 3. This was done to provide a method for holding 
the plates during the welding operation and also to hold 
the plates during the cooling period after welding. The 
plates were supported in a vertical position with the long 
edges horizontal. The temperature of the plate before 
starting the welding operation was determined by means 
of a thermometer. Weld metal was deposited along 
the edge of the plate, commencing at one end and weld- 
ing at a constant rate of 10'/, in. per minute. The weld- 
ing was performed in a single pass with a 5/39-in. diameter 
covered electrode. 

The welding electrode used was a Ryerson Quality No. 
217 general purpose mild steel electrode of the shielded- 
arc type. This type of electrode is recommended by the 
manufacturer for single pass welding of the High-Tensile 
Steel Plates used in the experiments. Physical proper- 
ties of the weld metal will average between 70,000 and 
80,000 Ib. psi. tensile strength, 50,000 to 60,000 Ib. psi. 
yield point and an elongation of 18 to 25% in 2 in. 

The time required to change electrodes was kept to a 
minimum. It was realized that the distribution of tem- 
perature around the weld would vary with preheat tem- 
perature, but no attempt was made to measure the tem- 
perature distribution. To simulate severe conditions 
the plate was cooled in air after welding, the plate being 
kept out of contact with the floor during the cooling 
process. 

When the plate had cooled to room temperature the 
gage length measurements previously described were re- 
peated. Thus, the surface extension (either positive or 
negative), due to preheating and welding, over each gage 
length along a line parallel to the welded edge was found. 
Since the readings were taken on both faces of each plate 
the average unit surface extension was obtained from the 
average of the two readings. In these experiments, 
matters were so arranged that the distortions could take 
place freely, thus enabling the magnitude of the induced 
strains to be examined under the simplest repeatable 
conditions. The effect of restricting these distortions 
has not been considered. 
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SHRINKAGE STRESSES 


In cooling from the welding temperature down to room 
temperature the weld metal becomes stressed in tension 
due to its contraction being partly prevented by the 
adjacent parent metal. The question then arises as to 
whether the residual strain in the plate might be princi- 
pally due to this residual tension in the weld metal. 
Therefore, the metal containing each pair of gage marks 
was removed from the plate by sawing the plates into 
strips, 1 in. wide, parallel to the welded edge. All forces 
acting on the strips of metal due to its surroundings having 
thus been destroyed, the strips become essentially free 
from stresses. If this is true the residual strains in the 
remaining strips should practically disappear. If, how- 
ever, it is found that upon measuring the distance be- 
tween gage marks after the subdividing action, not all of 
the residual strain had been relieved, it indicates that 
“plastic strain’ must have occurred in part of the plate 
at some time during or after welding. The term ‘‘plastic 
strain”’ denotes that portion of the strain occurring in the 
element under stress beyond the elastic limit which would 
not disappear if the stress in the element were entirely 
relieved. In the plastically strained regions, the meas- 
ured strains give no direct indication as to the magnitude 
of the residual stresses, but over the remainder of the 
plate the stresses may be obtained from the measured 
strains by the ordinary elastic equations previously de- 
scribed. After subdivision, therefore, the gage length 
measurements were again repeated. 


Discussion of Results 


An attempt has been made in this investigation to es- 
tablish a basis for the preheating of welded assemblies 
with the view to removal or reduction 4f residual stresses 
caused by welding. If preheating has a desirable effect 
on welded joints it appeared desirable to learn the effects 
of various preheating temperatures upon residual weld- 
ing stresses. As far as is known, the practice of preheat- 
ing welded assemblies is not carried out within a definite 
temperature range. Therefore it was desired to learn 
the most effective range of preheating temperatures. 
The results of subdivision indicate that the l-in. strip 
containing the weld metal, which was the first strip re- 
moved on each plate, curved appreciably in a plane paral- 
lel to the faces of the plate. In all cases the welded edge 
of the strip became concave as shown in Figure 4. This 
condition indicates a substantial difference in stress 
across the width of the strip. The deflection of the 
center of each strip, relative to the ends of the gage 
length, was then carefully measured. The approximate 
radius of curvature of each strip was then computed 
using the following relationship: 


R= C? + 4(D — h)? 
8(D — h) 
where 
R = radius of curvature (in.) 
C = chord of the arc (in.) 
(D — h) = rise of the arc (in.) 


The following values for the radius of curvature were 
obtained: 


Radius of 
Plate Number Curvature (In.) 
I 221 
II 249 
III 286 
IV 327 
347 
VI 357 
VII 385 
VIII 26 
IX 461 
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These values shown as a function of preheating tem- 
perature appear in Fig. 5. The results indicate a general 
increase in the radius of curvature (less distortion) of 
strip A as the preheating temperature is increased. This 
is indicative of a reduction in stress variation across the 
width of the strip as the preheating temperature is in- 
creased. 

The unit change in gage lengths due to welding are 
shown plotted as a function of preheating temperature 
in Fig. 6. These values represent the average of the unit 
change in gage length on each face of the plate. Since 
the thickness of the plate used was only */s in., these 
changes in gage length will be assumed to represent the 
average unit strain over the thickness of the plate. In- 
creases in gage lengths have been plotted as plus (+) 
values and decreases in gage lengths have been plotted 
as minus (—) values. In all cases the maximum distor- 
tion or unit strain occurred in the gage length adjacent 
to the welded edge. The maximum unit strain values 
for each plate appear in curve A, Fig. 6. The resulting 
curve indicates that the distortion adjacent to the welded 
edge decreased as the preheating temperature was in- 
creased. The decrease in unit strain was most effective 
for preheating temperatures up to 200° C. (392° F.). 
For preheating temperatures over 200° C. the reduction 
in distortion was not as pronounced as it was for pre- 
heating temperatures up to 200° C. Results indicate 
that a preheating temperature of 200° C. produced a 
change in gage length A that was only 65% of the change 
produced in gage length A when the preheating tempera- 
ture was 0° C. Fora preheating temperature of 400° C. 
(752° F.), the change in gage length A was 55% of the 
change produced at 0° C. 

The elastic recoveries after subdivision as measured on 
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Fig. 6—The Effect of Preheating Temperature Upon the Unit Change 
in Gage Length Due to Welding 
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each strip are shown plotted as a function of preheating 
temperature in Fig. 7. The values of unit stress applic- 
able to the elastic recoveries only is based on a modulus 
value of 30 million lbs. per sq.in. The unit stress based 
on elastic recovery was found for all strips except the 
strip containing the welded edge for each plate. Indica- 
tions were that some portion of this strip had been 
stressed beyond the elastic limit of the material. Ten- 
sion stresses are plotted as plus (+) values above the 
zero stress line and compression stresses are plotted as 
minus (—) values below the base line. Results indicate 
a general reduction in unit stress as the preheating tem- 
perature is increased. Taking the elastic recovery of 
gage length B, which was located 1.5 in. from the welded 
edge, as an example results indicate that the average 
compressive unit stress for a preheating temperature of 
200° C. (392° F.) was about 73% of the compressive 
unit stress obtained at a preheating temperature of 0° C. 
With a preheating temperature of 400° C. (752° F.) the 
compressive unit stress on gage length B was reduced to 
61% of the 0° C. value. Likewise the average tensile 
unit stress on gage length F at the 200° C. (392° F.) 
preheating temperature was approximately 80% of the 
tensile unit stress obtained with a preheating tempera- 
ture of 0° C. With a preheating temperature of 400° 
C. (752° F.) the average tensile unit stress on gage length 
F was approximately 65% of the tensile unit stress pro- 
duced by welding at the 0° C. preheating temperature. 


Conclusions 


The following conclusions have been reached as a re- 
sult of these experiments: 
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Fig. 7—The Effect of Preheating Temperature Upon the Residual! 
Stresses Due to Welding 
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|. The application of a preheating treatment to the 
arent metal has been shown very effective in the re- 
duction of distortions produced by welding. Preheating 
to a temperature of 200° C. (392° F.) has been shown 
to reduce distortion to approximately 65% of the distor- 
tion produced when no preheating treatment was applied 
as indicated by the curves in Fig. 6. This factor might 
well be a most important consideration when fabricating 
parts by welded construction where a minimum of dis- 
tortion is necessary. 

2. The effect of preheating the parent metal has been 
indicated as having a desirable effect upon the reduction 
of residual stresses produced by welding. The experi- 
ments indicate that preheating to a temperature of 200° 
C. (392° F.) has reduced the residual stresses to approxi- 
mately 73% of their value when no preheating has been 
accomplished as shown by the curves in Fig. 7. 

3. Experiment indicates that for the kind of steel 
used and the type of weld employed, to gain the pre- 


viously mentioned advantages of preheating, a mini- 
mum preheating temperature of 200° C. (392° F.) is re- 
quired. 

4. Although experiment indicates a continued reduc- 
tion in distortion and residual stress, as shown by Figs. 
6 and 7, when the preheating temperature is increased 
up to 400° C. (752° F.) the most effective range of pre- 
heating temperatures has 200° C. (392° F.) as its lower 
limit. 
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The Spot Welding of N-A-X 
High-Tensile Steel 


By W. F. Hesst and C. R. Schroder? 


Material and Scope 


HE material used in this investigation is designated 
as N-A-X 9115 and has the following analysis: 


Carbon 0.14 Silicon 0.84 
Manganese 0.65 Chromium 0.57 
Phosphorus 0.017 Molybdenum Nil 
Sulphur 0.021 Zirconium 0.11 


This steel is one of a series of similar compositions con- 
taining percentages of carbon between 0.08 and 0.70 and 
is supplied in two general grades, with and without 
molybdenum. The A.S.T.M. grain size of the material 
used in this investigation is No. 8. These steels possess 
remarkable physical properties and contain only a small 
percentage of strategic metals. The physical properties 
are such that there is a great demand during the present 
emergency to substitute some of these steels for various 
other steels of more complex chemistry. 

The investigation thus far has included only 0.040-in. 
material in the annealed and half-hard tempers. The 
physical properties of these materials in sheet form are 
as follows: 


Annealed Half-Hard 
Tensile strength 70,000 98,000 
Yield point 50,000 90,000 
Per cent elongation 2 in. 28 — 


Work is commencing on other gages but the significance 
of the present work is such that the Great Lakes Steel 
Corporation of Detroit, Mich., has consented to its early 
telease for publication. Further results may be expected 
to be released as soon as they are obtained. The signifi- 
cance of this investigation lies in the fact that steels 
which are subject to hardening upon rapid cooling may 
be successfully spot welded by toughening their as- 

* Contribution to the Welding Research Committee. 


t Welding Laboratory, Rensselaer Polytechnic Institute. 
t Great Lakes Steel Corporation, Detroit, Michigan. 


welded brittle structure, by means of g brief post heat 
treatment in the welding machine. The results indicate 
that the toughest welds are produced by allowing a 
drastic quench to martensite, and following this im- 
mediately by the highest possible draw below the critical 
temperature. It should be emphasized that the current 
for the post treatment may be reduced to a value below 
that used for welding, and that in general the time of 
post treatment may be different from the weld time. 
This type of welding therefore differs from ordinary pul- 
sation welding. Pulsation welding, as generally prac- 
ticed, cannot be expected to duplicate these results. The 
structure which we refer to as martensite cannot be 
easily identified as such under the microscope, since it 
has been formed at a pressure of approximately 1500 
atmospheres by quenching from the molten state at a 
rate very much higher than that associated with any 
ordinary heat treatment. The toughness of these welds 
is quantitatively measured by their ratio of U-strength 
to single-spot shear strength. It is qualitatively indi- 
cated by a chisel test. The unheat-treated or improperly 
treated welds are easily separated by a chisel, whereas 
for those welds whose treatment is nearly the best, the 
entire weld is usually torn out of one sheet with great 


difficulty. 


Equipment 


It should be noted that N-A-X high-tensile steel, in 
common with other low-alloy high-strength structural 
steels, is being spot welded commercially. However, the 
ductility of these welds as ordinarily welded, does not 
compare favorably with that of spot welds in plain low 
carbon steels. The U-strength of steels of considerable 
hardenability in the as-welded condition may be from 10 
to 25% of the corresponding shear strength. The ratio 
of U-strength to shear strength is a measure of the duc- 
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6-Cycle Welds 
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tility of spot welds. Brittle materials have a high ratio 
of resistance to shear stress, to their resistance to normal 
stress. The more ductile the material, the lower does this 
ratio become. In the U-tensile test the principal stress is 
normal, and in the lap-weld tensile specimen the princi- 
pal stress is shear. Thus, brittle materials have a low 
ratio of U-strength to shear strength, and for ductile 
materials this ratio is high. Another way of looking at 
these results is that ductile materials tend to flow and 
relieve the stress concentration which is inherent to the 
U-test, due to notch effect. For mild steel the ratio may 
be from 50 to 75%. These latter welds give a good per- 
formance under almost any condition of loading, whereas 
the former may fail easily under loading conditions which 
give rise to tensile components normal to the spot welded 
surfaces. Any tendency toward buckling of the sheets 
would produce such components, and spot welds in hard- 
enable steels may ‘pop apart’’ under these conditions. 
Previous experience in this laboratory with another 
hardenable steel, showed that a reduced current of the 
proper magnitude could be passed in the welding ma- 
chine after welding, which would greatly toughen the 
weld. At that time it required many seconds after weld- 
ing to change the heat controls in preparation for the 
subsequent heating current. For the present investiga- 
tion we were fortunate in securing the cooperation of the 
engineers of the General Electric Company in developing 
a panel which permits accurate control by fully elec- 
tronic means of the following time intervals: 


1. Time of weld 
2. Time between weld and heat treatment 
3. Time of heat treatment 


In addition to the accurate time control the equipment 
provides independent adjustment by means of phase 
control, of welding current and heat-treating current. 
By means of this flexible control equipment, the proper 
conditions for producing welds in hardenable steels have 
been developed. Such control equipment may easily be 
made commercially available at only a moderate increase 
in cost over ordinary spot weld control equipment with 
phase control of welding current. For production work 
in the shop it is possible that a very simple mechanical 
timing system, such as the chain timing equipment 
which is now on the market, may be used. This equip- 


ment requires a few minutes to change welding condi- 
tions but it appears that the timing intervals may be 
definitely set up for particular gages, and these timing 
conditions may then remain unchanged, as long as the 
gage of material is the same. For experimental work in 
the research laboratory, or where the type of work in 
commercial production is very frequently changed, the 
electronic equipment makes possible more rapid change 
in timing conditions. 


Weld Conditions 


During the early work on the 0.040-in. gage material 
it was determined that the best presume was 20,000 psi. 
for the annealed material and 25,000 psi. for the half- 
hard material. For '/,-in. flat electrode tips, the above 
pressures resulted in 1000- and 1240-lb. total electrode 
force, respectively. These pressures resulted in sound 
welds and produced negligible indentation and distor- 
tion. They were therefore used throughout this investi- 
gation. 

The current required to produce the best welds with 
'/,-in. flat tips at the above pressures, and using six 
cycles weld time, was approximately 12,000 amperes. 
This current was used for making all of the welds. 

Six cycles was selected for most of this work since it 
permitted the making of welds approaching in diameter 
the contact surface of the electrode, without tendency 
to flash beneath the tips. The weld time could be 
crowded to four cycles, but six cycles gave a margin of 
safety and longer than six cycles were of no benefit. 
Longer times may even be detrimental in the matter of 
indentation and coarseness of weld structure. 


Effect of Weld Size 


The early work on the present material was carried on 
without the new control apparatus, since this was then 
in process of development. During this work it rapidly 
became apparent that for moderate diameter welds, the 
U-strength increased much more rapidly than shear 
strength with increase in diameter of spot weld. Typical 
results of this study are indicated in Fig. 1, which shows 
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that spot welds made with */,-in. flat tips and which 
had a diameter of about 0.15 in., had a U-strength over 
shear strength ratio, of slightly less than 10%. Under 
the best heat-treating conditions this was improved to 
38% with a 60-cycle heat treatment. This is shown in 
curve 2 of Fig. 1. Curve 1 shows that a 30-cycle heat 
treatment was also able to improve the U-strength, but 
at a higher value of heat-treating current. Curve 3, 
of Fig. 1, shows the remarkable results obtained on the 
annealed material when spot welds were made using 
\/,in. flat tips making a weld of about 0.22 in. in di- 
ameter. In this case the best heat-treating current im- 
proved the U-strength over shear-strength ratio from 
slightly less than 30 to about 60%. The difference in 
toughness of these welds is made strikingly evident by a 
chisel test. The former welds are easily broken, but the 
latter are only torn apart with difficulty and the entire 
weld usually remains attached to one sheet. 


Effect of Time Interval Between Weld and Heat 
_ Treatment 


Having shown that it was readily possible in this 
0.15% carbon steel to obtain tough welds for the an- 
nealed material, it was decided to study the improvement 
which could be made in welds in the half-hard temper. 
In these welds the as-welded specimens showed a U- 
strength over shear-strength ratio of 25° and under the 
best heat-treating conditions this could be doubled, to 
50%. This brings the weld in this hardenable material 
into the same class as welds made in plain low-carbon 
steel as far as ductility and toughness are concerned. 
As soon as the new control equipment was made avail- 
able, it was decided to study the effects of short time in- 
tervals between weld and heat treatment. It became 
immediately apparent that it was not possible for the 
subsequent heat-treating current to be used to reduce the 
rate of cooling of the weld and adjacent heat-affected 
sheet to such a value that a pearlitic structure could be 
obtained. It had already been found, in the early weld- 
ing experience with this material, that welds were equally 
hard when made in 6, 12, 20, 30 and 60 cycles. The hard- 
ness of all such welds was about 440 Vickers which is ap- 


parently full-hard for the 0.14% carbon. 
cable welding cyclecould the rateof cooling besufficiently 
reduced to be of any benefit in reducing the weld hard- 


By no practi- 


ness. In the study of the time between weld and sub- 
sequent treatment it became apparent that sufficient 
time must be allowed to permit the formation of marten- 
site. As soon as martensite had actually been formed, 
and before complete cooling, the subsequent heat-treating 
current could produce a remarkable reduction of weld 
hardness. Figure 2 illustrates the effect of varying the 
time between weld and heat treatment, using a value of 
heat-treating current which was found to produce a 
heneficial effect on weld hardness and toughness. It is 
noted that no benefit is secured until a time of 12 cycles is 
allowed to elapse between the 6-cycle weld current and 
30-cycle heat-treating current. The heat-treating cur- 
rent is in this case 61.5% of the weld current. These 
results indicate that the average cooling rate of a 6-cycle 
weld is about 10,000° F. per second, between the melting 
point and the temperature for the formation of marten- 
site. This makes evident the reason for the full-hard 
structure in the as-welded condition. Hardness surveys 
across welds for the different points shown in Fig. 2 
are illustrated in Fig. 3. Notice that the as-welded hard- 
ness of the material is about 440 Vickers. With only 8- 
cycles elapsed time the metal has not cooled sufficiently 
to form martensite, and therefore the subsequent treat- 
ment is of little value. In 10 cycles there appears to be 
only slightly more reduction in hardness. In 12 cycles 
there is a very striking improvement in the weld hard- 
ness and also in the resultant toughness as measured by 
the U-strength test. This increase is also observed at 
14 and up to 18 cycles. After this there appears to be 
a small reduction in the toughness. This may be a result 
of slightly inadequate heat-treating current for the longer 
off-times. Another explanation may be that the best 
physical properties are obtained when the steel is dras- 
tically quenched to the martensite-forming temperature, 
and then subsequently drawn before being allowed to 
cool to room temperature. The reason for this is that 
when martensite first forms, the resistance to volumetric 
expansion tends to place the metal in compression. If 
the material is not allowed to cool much below this 
temperature before being subsequently reheated, there 
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Fig. 5—Hardness Surveys for Points in 

Fig. 4, Showing Progressive Reduction in 

Hardness for Increasing Heat Treat Cur- 
rent Until Rehardening Occurs 
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Fig. 6—The Effect of Successive Reduc- 
tion in Time of Heat Treatment, Down to 
2 Cycles, Current Being Adjusted to 
Secure Best Effect for Each Time of 
Treatment. Six-Cycle Welds, 0.040-Inch 
Half-Hard N-A-X High-Tensile Steel 
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is no opportunity for the formation of microscopic cracks 
due to placing the brittle structure under tension. The 
important fact is that there is a definite minimum time 
between weld and heat treatment, but no critical maxi- 
mum time. 


Effect of Magnitude of Heat-Treating Current 


For 6-cycle welds, a time between weld and heat treat- 
ment of 14 cycles was selected as giving safe assurance 
that martensite formation would take place before re- 
heating. In order to study the effect of the magnitude 
of heat-treating current and its effect on weld toughness, 
data was taken which is plotted in Figs. 4 and 5. Figure 
4 shows the way in which the U-strength over shear- 
strength ratio varies with heat-treating current from a 
value somewhat below the best value, to a value just 
slightly higher than the best value of heat-treating cur- 
rent. The hardness surveys, shown in Fig. 5, illustrate 
how the weld hardness gradually decreases as the amount 
of heat-treating current is increased. As soon as the 
temperature at the center of the weld is such as to carry 
this region above the critical temperature, thus re- 
hardening this portion of the weld, the toughness begins 
to decrease. Other experience, not plotted in these fig- 
ures, shows that with slightly higher current the weld 
will be completely rehardened as in its original as-welded 
condition, and the toughness will again be reduced to the 
same low value as for the untreated weld. It is of in- 
terest to note that curve 6 having a weld hardness below 
300 Vickers, but a heat zone hardness of 340, is superior 
to the weld illustrated in curve 7, where the weld hard- 
ness has started to increase but the heat zone hardness is 
reduced to about 300 Vickers. 


The Effect of Time of Heat Treatment 


It was originally believed that the time of heat treat- 
ment should be long in order to allow transformation into 
a tough product. However, it soon became evident that 
it was not possible to lengthen this time sufficiently to 
be of any value. When it was finally decided that it was 
necessary to produce a quench-and-temper structure, 
the question arose as to the necessary length of heat 
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Fig. 8—Heat Treat Current Required for 

Best Effect at Various Times of Treatment. 

Current Corresponding to Those Used 
for Fig. 6 


CURRENT IN KILO - AMPERES 


Fig. 9—Shear Strength-Current Curves 
and Diameter-Current Curves for 6- 
Cycles Welds in 0.040-Inch Annealed and 
Half-Hard N-A-X 9115 High-Tensile Stee! 


treatment time. In order to make this new method of 
spot welding commercially practicable, it was obviously 
desirable to make the total welding cycle as short as 
possible, so as not to seriously interfere with production 
speed. A study was, therefore, made upon the effect of 
shortening the heat-treating time. It had previously 
been noted that there was very little difference between 
using a 60-cycle heat treat as compared with 30-cycle 
treatment. The treatment times were successively re- 
duced to 25, 20, 15, 10, 6 and 2 cycles. The results of 
this study are shown in Fig. 6. It ig apparent that prac- 
tically the same beneficial results can be obtained with 
heat-treating times even as short as two cycles. It seems 
amazing that so much improvement in physical proper- 
ties can be brought about by such a short application of 
post heat current. The hardness surveys for this series 
of welds are shown in Fig. 7. All of the hardness curves 
with the exception of that for the as-welded and the 
two-cycle heat treatment fall within the shaded area. 
The reason that the two-cycle treatment did not fall 
within this area was due to the fact that the heat-treating 
current for this case was a little too high, causing rehard- 
ening of the center of the weld. This also accounts for 
the slight falling off in U-strength for this point. It 
may be difficult to avoid some rehardening at the center, 
with such short heat-treating times. 

Figure 8 shows the ratio of heat treat to weld current 
required for theoptimum treatment at various heat-treat- 
ing times. As is to be expected, more current is required 
to reheat the metal to just below its critical temperature 
as the heat treatment is carried on in shorter times. 

The possibility of heat treating in such a short time 
brings this process into the realm of practical applica- 
tion. It is to be noted that by this treatment welds are 
transformed from a brittle structure of doubtful value 
to a tough and ductile structure of excellent physical 
performance. Notice that the total welding cycle in- 


Fig. 10—Magnification 10X. 5% Picral Etch 
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volves 6 cycles for welding, 14 cycles for cooling and 2 
cycles for heat treatment, a total of 22 cycles. It is now 
obvious that the greatest amount of time is consumed in 
the cooling of the original weld. In the attempt to re- 
duce this total time, it is obvious that if the weld were 
made in a shorter time it would also cool in less time. 
By crowding the weld time to 4 cycles, the beneficial 
results of subsequent heat treatment were obtained after 
a cooling time of 8 cycles. This corresponds to the cool- 
ing time of 12 cycles for the 6-cycle welds. Selecting 10 
cycles for the cooling period of 4-cycle welds allows 2 
cycles more than the minimum cooling time, and corre- 
sponds to the 14-cycle time selected for the cooling of 6- 
cycle welds. Under these conditions the total welding 
cycle becomes 4 cycles for welding, 10 cycles for cooling 
and 2 cycles for heat treatment, or a total of 16 cycles. 
Welds in this gage material are made commercially in 8 
cycles. * Engineers desiring to weld these materials are 
quick to recognize the desirability of transforming the 
questionable structure into the thoroughly dependable 
one which results from post treatment, when it is only 
necessary to double the welding cycle for important 
doubling of U-strength. 

Throughout this report we constantly refer to the 
ratios of U-strength to shear-strength, since it is this 
ratio that is important in determining weld toughness 
and ductility. It may be well to record here the limits 
of the actual U-strengths and shear-strengths as meas- 
ured throughout this investigation, for the as-welded 
and the as-welded plus optimum post heat-treatment 
conditions. 

The as-welded shear-strength for the 0.040-in. material 
annealed is 2000-2100 Ib., and the U-strength is 580— 
620 1b. For this same material welded with the optimum 
post heat-treatment cycle the shear strength remains the 
same, 2000-2100 Ib., but the U-strength is increased to 
1250-1300 Ib. 

For the 0.040-in. material in the half-hard temper the 
as-welded shear-strength is 2500-2600 lb., and the U- 
strength is 640-660 Ib. After heat treating welds in this 
material the shear-strength again remains the same, 
2500-2600 Ib., and the U-strength is increased to 1250- 
1300 Ib. These values were obtained for spot-diameters 
of about 0.210 to 0.220 in. 

It is interesting to note that for optimum conditions 
of weld and heat treatment the U-strength of both the 
annealed and half-hard material was the same. The 
ratio of U to shear strength, however, was about 60% for 
the annealed material as compared with 50% for the 
half-hard material. This would indicate that the weld 
structure is the same for both the annealed and half- 
hard material, and that the difference in ratio of U- 
strength to shear-strength is a result of the higher shear 
strength of the half-hard sheet. 

Figure 9 shows shear strength as a function of welding 
current in kilo-amperes, for both the half-hard and an- 
nealed N-A-X 9115. Notice the excellent strengths ob- 
tainable in spot welds in this material. The diameter 
curves are also shown in this figure. It is possible from 
the strength-current curves to determine the percentage 
reduction in current which may be permitted for any 
given loss in strength. Thus, for 20% reduction in 
strength the permissible current reduction is 12'/2°% 
for the half-hard material and a little over 14% for the 
annealed material. 


Microscopic Examination 


Figure 10 illustrates a cross section of a spot weld in- 
dicating the location of Vickers hardness indentations 
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SPOT WELDING HIGH-TENSILE STEEL 


Fig. 1l—As-Welded. Magnification 500X. 5% Picral Etch 
ENOL 
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Fig. 12—Heat Treated. Magnification 500X. 5% Picral Etch 


which were used to obtain the hardness surveys which 
are shown throughout this report. 

Figures 11 and 12 illustrate the microsections at the 
center of spot welds in the as-welded and heat-treated 
conditions. 

Figure 11 is a photomicrograph showing the as-welded 
structure which we have termed martensite. This struc- 
ture, although not exactly similar in appearance to the 
typical martensite of heat-treated steel, exhibits the 
hard and brittle properties usually associated with as- 
quenched martensite. As before mentioned, this struc- 
ture is formed by an extremely high rate of cooling from 
the molten state, and under a pressure of approximately 
1500 atmospheres. These factors, mainly the pressure, 
may tend to alter the ordinary binary equilibrium with 
a possible tendency toward the introduction of a third 
phase. 

Figure 12 is a photomicrograph showing the weld 
structure after heat treating on the welding machine. 
It may be observed that the heat-treated structure is 
better defined. It was also noticed that the heat- 
treated structure was attacked more quickly by the 
etching reagent. This compares favorably with the 
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etching time characteristics of quenched steel as com- 
pared with quenched and drawn steel of ordinary heat- 
treatment practice. The as-welded structure of Fig. 11 
required an etching time of from 2 to 3 min. with 5% 
Picral solution, whereas the heat-treated structure in Fig. 
12 required only 1 min. It was also noticed that the 
heat-treated structure exhibited areas containing small, 
rounded globules, appearing very similar to the car- 
bide spheroids of steel which has been spheroidized. The 
light cube in the as-welded photomicrograph is a zir- 
conium nitride cube. 


Summary 


1. Remarkable improvement in toughness of the spot 
welds in hardenable steels is possible by brief heat treat- 
ment in the spot welding machine, following welding. 
This appears to open a new field of spot welding in those 
steels in which spot welds are ordinarily hard and brittle. 

2. The mechanism of the toughening consists of al- 
lowing a drastic quench to martensite followed immedi- 
ately by a high draw at a temperature just below the 
critical. 

3. A time of 2 cycles is sufficient to secure the maxi- 
mum benefit of post heat treatment in the gage and steel 
of this investigation. 

4. Sufficient time must be allowed for the steel to 
cool to martensite-forming temperatures, as otherwise 
the reheating accomplishes nothing. In order to reduce 
the time required for cooling, the weld should be made in 
the shortest possible time. This is due to the fact that 
the more rapidly the weld is heated and made, the less 
total heat is required, and consequently the more rapid 
the cooling. This will permit reasonable total weld plus 


heat-treatment time, and thus not tend to limit produc. 
tion speeds. 

5. The heat-treating current must be carefully ad- 
justed to raise the temperature as high as possible with- 
out reaching the critical transformation temperature. 

6. The chisel test is a practicable shop method of de- 
termining the proper magnitude of heat-treating current. 
Hardness tests at the center of weld cross sections for a 
series of welds with progressive variations in heat- 
treating current will select the best value with greater 
certainty. 


Table 1 summarizes recommended welding conditions 
for spot welding N-A-X 9115 high-tensile steel. 


Table 1|—Recommended Conditions for Spot Welding N-A-X 
9115—0.040-In. Gage 


Temper of material Annealed Soft 
Flat electrode diam., in. 1/ 
Electrode shape 
Total electrode force, Ib. 1000 
Unit Electrode pressure, psi. 20,000 
Weld time cycles 6 
Weld current amp. 11,900—12,100 
Time between weld and heat 
treatment, cycles 14 14 

Time of heat treatment, cycles 5 5 
Heat-treatment current, amp. 9500-9700 9500-9700 
(78%-80% (78%-80% 
of weld of weld 
current) current) 
2000-2100 2500-2600 
1250-1300 1250-1300 


60% 62% 
1.05-1.07 
1%-2% 
0.210—-0. 220 
Ductile 


Half-Hard 


/4 
30° bevel 
1240 
25,000 


/4 
30° bevel 


6 
11,900—12,100 


Shear-strength per spot, Ib. 

U-Strength per spot, lb. 

Ratio: U-strength to 
shear strength 

Distortion ratio 

% Indentation 

Spot diam., in. 

Type failure 


49%-51% 
1.05-1.07 
1%-2% 
0.210—0. 220 
Ductile 
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Summary 


The summary given below is based on the first review 
of the literature on the same subject published in July 
1937, modified and enlarged by the data given in the 
second review of the literature herein reported. 
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Corrosion Resistance of Welds in Iron and Mild Steel 


Caution.—Throughout the review, including the Sum- 
mary, the conclusions arrived at are those of the in- 
vestigators, not of the reviewers. Corrosion research on 
welds whether in service or in the laboratory is beset by 
a multitude of variables that are proverbially uncon- 
trollable. For this reason a thorough appreciation of 
the testing conditions is of paramount importance in 
the interpretation of the results of any investigator. 

General Remarks.—The corrosion of welded joints is 
dependent on a number of factors, such as corrosive 
media, temperature, method of exposure, contact with 
other substances, as well as the quality of the welded 
joint itself. 


Arc Welds 


Acid Media.—Coated electrode welds in mild steel 
have nearly as good a corrosion resistance as the base 
metal in boiling 10% acetic acid and boiling 85% H2SO,. 
In cold 30% HCl, shielded arc welds in mild steel (0.08 
C and 0.15 Cu) are as fully corrosion resistant as the base 
metal; lightly coated or bare rod welds, however, are 
less corrosion resistant than the base metal in the same 
medium. Furthermore, there are data that would in- 
dicate that there is also some slight preferential corrosion 
of bare welds in 15-20% H.SO,, 1% H2SO, and air, and 
boiling 10% HCl. 

Basic Media.—Generally good arc welds (bare and 
covered electrodes) made in mild steel are not subject to 
excessive corrosion as compared with the base metal 
when exposed to boiler feed water, gasoline and sea 
water, salt water, sea water spray and sea water im- 
mersion, although with reference to the latter one in- 
vestigator reports considerable preferential attack. 
Covered electrode welds have nearly as good corrosion 
resistance as base metal in sea air and 26% NH; at 100° 
F., while bare wire welds have been reported to show 
preferential attack in sea water plus air. 

Other Media.—There is considerably greater corrosion 
in the arc welds (bare and covered) than in the base mild 
steel plate in combinations of hot air and water, alternate 
immersion in salt solution and HCl 

Corrosion of Arc Welds in Service-—The behavior of 
arc welds in ships has been excellent. Excessive cor- 
rosion does not occur in welded piping and hangers in 
oil tanks or elsewhere on ships. Corrosion results from 
high-temperature, high-pressure vessels handling very 
corrosive crude and gas oils show consistently that weld 
metal is no more subject to corrosion than base metal. 
Poor service corrosion behavior of metal are (bare elec- 
trodes) welded wrought iron pipe joints in technical 
H2SQ, as well as in ammoniacal steam containing small 
amounts of sulphurous acid has been reported. Welds in 
bridge and structural members subjected to tide and 
smoke are as corrosion resistant as the base metal after 


25 yr. of service. Some of these welds were made with 
bare wire. 


Gas Welds 


Good gas welds in mild steel, like covered electrode 
arc welds, are not subject to excessive corrosion as com- 
pared with the base metal in tap water, boiler feed water, 
gasoline and sea water, sea water, salt water, and sea 
water spray. 

Corrosion Tests of Gas Welds.—Tests on 6-in. pipe 
joints, oxyacetylene welded with the three most typical 
combinations of rod and welding technique, including 
exposure for one year to atmosphere, soil immersion, tap 
water and atmosphere, and salt spray, as well as short- 
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time tests in HCl and short-time electrolysis tests in salt 
water, show no appreciable difference in corrosion re- 
sistance among the welds or between the welded and un- 
welded pipe. Oxyacetylene welds in boiler plate have 
withstood caustic embrittlement conditions in highly 
concentrated lye. The only reported case of preferentia] 
corrosion of gas welds is when they are exposed to com- 
binations of hot air and water, or alternate immersion in 
salt solution and HCl (same is true of arc welds—see 
above). 

Electrochemical Potential.—The weld and neighboring 
metal of gas-welded iron plates have approximately the 
same potential in a 1% NaCl solution at 18° C., no ap- 
preciable difference being noted between three types of 
welding rod employed by one investigator. High quality 
of weld, e.g., freedom from porosity, blowholes and oxide 
is important, however. 


Effects of Cu, Cr and Ni Additions 


In 15 to 20% H2SO,, small amounts of Cu and Cr in 
plate and rod help resist corrosion, whereas S and P are 
bad. In river and sea water, contents of 0.54-0.7% Cu 
and 0.05-0.08% Cr added to the weld castings change 
welds in mild steel which were more corrodible to less 
corrodible than, .or at least as corrosion resistant as, the 
base plate. In alternate sea water and air, small 


amounts of Ni are helpful; S and P, however, are ad- 
verse. 


Carbon Arc Welds 


Carbon arc welds in mild steel made in a shielding gas 
have better general corrosion resistance than unshielded. 


Forge Welds 


Tests of good forge welds indicate that the weld has 
the same corrosion resistance to caustic soda, 5% solu- 
tion HCl and H,SO, and 20% HCl as base metal. 


Electric Resistance Welds 


Flash welds show good corrosion resistance to tap 
water, as do also spot welds in freight car service. 


General Service Corrosion Results 


In service, welds have given excellent account of them- 
selves in pipe lines, oil pipes, ship work and submarine 
structures. 

On the other hand, poor results are reported in welded 


wrought iron drain pipe and conveyors in a beet sugar 
factory. 


Caustic Embrittlement 


Caustic embrittlement is not generally encountered in 
good welding. Exceptions have been noted under severe 


conditions. Stress relieving has helped in these situa- 
tions. 


Differences in Composition 


Even large differences in composition between base 
metal and weld metal may not lead to local effects, as 
for example, Krupp austenitic welds in mild steel. 

Mild Steel Welds vs. Rivets in Corrosion.—Whatever 
difference there may be between the corrosion resistance 
of riveted and welded joints under corrosive conditions 
appears to be in favor of the welded joint, particularly 
as the welded joint eliminates pockets and crevices. 


Corrosion Resistance of Welds in Cast Iron 


Cast-iron rods produced welds in cast iron that were 
more corrosion resistant to 1.V HCl than the base metal 
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of the welded plate. Similarly, in emf. measurements 
in a 1% NaCl electrolyte, the weld was somewhat more 
noble than the neighboring metal. 

Bronze-Welded Cast Iron.—Electrolytic action or pref- 
erential corrosion of bronze or cast iron is not usually 
observed. Cast-iron bronze-welded specimens resist cor- 
rosion in sea water and in the most corrosive soils; on 
the other hand, copper-nickel or mild steel electrode 
welds in cast iron are not satisfactory in some corrosive 
conditions. 


Corrosion Resistance of Welds in Low-Alloy Steel 


Surprisingly little information on the corrosion of 
welds in low-alloy steels is available. 

It has been stated that in low-alloy steels with rein- 
forced welds, made with covered electrodes, the life of 
the weld in corrosion is as long as base metal. 


Corrosion Resistance of Welds in Stainless Steel 


Plain Chromium Type 


Additions of Ti (0.6—1.24%), Ta + Cb (0.31 Ta + 
0.35 Cb) or Cb (C : Cb = 1 : 10) removed the danger of 
intercrystalline corrosion in non-heat-treated arc and 
gas welds in 18-30% Cr steels (C < 0.14%) made with 
austenitic filler metal, when subjected to CuSO,-H.SO, 
or boiling HNO; solution. Additions of Si or Cr to the 
plate or Mo to the rod were not effective if stabilizing 
elements were not present. Ti content should be 7.4 X 
C; that of Cb, 10 & C. 

The corrosion resistance of properly heat-treated 4-6 
Cr weld metal is the same as base metal. This is also 
true of 12-16 Cr alloys. In general it is advisable to 
have the carbon below 0.14%. 


18-8 Type 


Acid Media.—Unheat-treated gas welds in 18-8, when 
subjected to boiling H2SO,-CuSO, solution, are not at- 
tacked if the carbon content is low (approximately 0.05% 
or less), but are completely destroyed in a day and a half 
when the carbon content is 0.14% or over, unless 
“stabilized.” Proper heat treatment after gas welding 
protects 18-8 (plain and alloyed, 0.13 to 0.20 C) from 
boiling 10% CuSO, and 10% HNOs. 

Are welds in 18-8 resist attack by, although not de- 
signed for use in, sulphite, 10% HCl or 10% H2SO, or 
HNOs, but are corroded in acid CuSO,, unless the carbon 
is low (< 0.06%) or the steels stabilized. ‘‘As-welded”’ 
arc welds in plates containing less than 0.06% C are 
as corrosion resistant as the base metal in both 65% 
boiling HNO; and CuSO,-H,SO,; for maximum safety, 
however, some investigators recommend even for very 
low C contents a quick quench and the use of small 
electrodes. Arc- or gas-welded Cb stabilized 18-8 steels 
(C > 0.06) show no preferential attack in boiling 65% 
HNO; even after use at 300-800° C. Heat treatment 
improves the resistance of arc welds in 18-8 when sub- 
jected to 50% HCl. 

Basic Media.—Gas welds in 18% Cr-9% Ni (carbon 
0.06 to 0.14%), made with a slightly reducing flame, 
are not affected in a 25% salt spray test, but show some 
slight preferential attack in the transition zone in a 
Lleclanche cell (25% NaCl). Stabilizing elements in- 
crease the corrosion resistance of both spot and acetylene 
18-8 welds to salt spray. Spot welds in 18-8 resist 20% 
NaCl if made in less than 0.1 sec. 
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Metallurgy.—The metallurgical aspects of the cor- 
rosion of welded 18-8 steel center around the inter- 
granular precipitation of carbides in the heat-affected 
zone. The intergranular carbides produce the effect 
known as intergranular corrosion. The presence and 
magnitude of the effect depends on the composition and 
heat treatment of the steel, the process of welding and 
the corrosive agent involved. A basis for weldability 
of 18-8 is stated to be the length of time in the tem- 
perature range 600-700° C. required to produce inter- 
granular corrosion in boiling H2SO,y-CuSO, solution or 
boiling 50% or, more commonly, 65% HNOs. 

Stabilizing elements, such as Cb, Ti and Si may act in 
two ways to prevent intergranular corrosion. Carbide- 
forming elements prevent the impoverishment of chrom- 
ium in the sensitized region. Ferrite-forming elements 
restrict carbide precipitation to the ferrite islands; the 
grain boundaries are not sensitized. A decrease of car- 
bon content is effective in reducing intergranular cor- 
rosion by reducing the amount of carbide available for 
precipitation. Shrinkage stresses may hasten inter- 
granular corrosion. 

General Observations—Carbon Content.—The effect of 
increasing carbon content is to increase the tendency to 
intergranular corrosion. The carbon content of base 
metal and filler rod should be below 0.07%. 

Stabilizing Elements.—Suitable stabilizing elements are 
Ti = 6 X Cor Cb = 10 XC; other stabilizing elements 
reported are (0.6 Ti) (2 Si) (1.9 W). The efficacy of 
silicon and tungsten is doubted by some authorities. 

Heat Treatment.—As indicated in the section on experi- 
mental results, correct heat treatment raises the cor- 
rosion resistance of welds in unstabilized 18-8, and to 
a very minor extent, in stabilized 48-8. The heat- 
treating temperature for developing maximum corrosion 
resistance in welded 18-8 is 1900—-2100° F. (1040—1150° 
C.), depending on the carbon content. 

Technique.—It is essential that welds in 18-8 be given 
a good finish in order to develop good corrosion resist- 
ance. 


Effect of Welding on Stress Corrosion 


Welded austenitic steels are subject to stress-corrosion 
cracking in certain media because of residual stresses 
caused by welding or quenching. A relatively few media 
have so far been found to cause this effect. In cases 
where it occurs, the difficulty may be overcome by using 
stabilized steels that permit a heat treatment to remove 
these residual stresses, without at the same time intro- 
ducing intergranular corrosion susceptibility. Suscepti- 
bility to intergranular corrosion alone is insufficient to 
cause corrosion cracking. 


Corrosion Resistance of Welds in Aluminum 


Experimental Corrosion Tests on Welded Aluminum.— 
Spot welds in 2 S and 3 §S resist salt spray. Gas welds 
in aluminum resist many acids (except HCl and H,SO,), 
dye agents, fuel oil, acetone, salt water, sea water and 


tap water. This is also true of metal and carbon arc 
welds. In hot 6% H:SO, and 40% HNOs, welds made 


in high purity (99.99%+) aluminum showed no prefer- 
ential attack in the welds if Si was less than 0.37%; 
Fe less than 0.28%; Cu less than 0.1%; Mg up to 3%; 
and Ti up to 0.12%. However, welds in commercial 
grade aluminum containing only 0.63 Mg or 0.12% Ti 
exhibited decided preferential susceptibility to cor- 
rosion. 
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The use of 4% or 5% Si in rods for gas welding thick 
aluminum plates results in welds inferior in resisting cor- 
rosion attack in 3% NaCl + 0.1% H2O:, as compared 
with welds made with commercial aluminum rods. On 
the other hand, there seems to be no difference in welds 
produced with these wires in resisting salt spray and tap 
water. Gas welds in commercial aluminum made with 
4% Si rods were severely attacked when subjected to 
10 to 100% HNO;. Welds made with commercial 
aluminum rods were somewhat better. 

Anodization treatment protects gas welds in aluminum 
sheet and base metal equally well. 


Corrosion Resistance of Welds in Aluminum Alloys 


General Observation on Aluminum Alloy Welds.—Where 
the properties of the alloys are not dependent on heat 
treatment, the corrosion resistance is generally at least 
as good as welds made in aluminum. 

Al-Mg-Si.—Butt, spot, seam and gas welds made in 
plates of 53 S-T, extruded 53 S-T, and 52 S-'/2 H, joined 
to themselves and to each other, displayed good cor- 
rosion resistance when immersed in ocean water during 
high tide and exposed to atmosphere during low tide. 

Duralumin (Al-Cu-Mg).—Gas, atomic hydrogen and 
spot welding all decrease the corrosion resistance of 
duralumin to 3% NaCl + 0.1% H2O:.; heat treatment, 
however, restores the original corrosion resistance of the 
material. The effect of welding is smaller in Alclad 
duralumin, but the cladding does not entirely eliminate 
the danger in the above solution. Spot welds subjected 
to salt spray resisted corrosion to about the same extent 
as the parent metal. 

Al-Mg.—Gas welds in sheets containing 2.544% Mg, 
0-1.5% Mn and 0-1.2% Zn showed good resistance in the 
DVL test. However, alloys containing more than 5% 
Mg were subject to loss of strength due to corrosion. 
Similar variations due to Mg content were noticed in 
spot welds subjected to saline conditions. 

The addition of 1 to 2% Mn to the Al-Mg alloys (2 to 
2.5% Mg) renders arc, gas and spot welds as corrosion 
resistant as base metal to DVL and salt spray tests. Of 
all the Al alloys, the Al-Mg-Mn and Al-Mn (1-2%) 
varieties are the least affected by welding in their cor- 
rosion resistance to saline conditions. 


Corrosion Resistance of Welds in Copper and Its Alloys 


Copper.—Gas welds in electrolytic copper, using flux 
and special rods, resist corrosion in acetic acid to the 
same extent as the base metal. Annealing at 600—700° 
C. has no effect; higher annealing temperatures in- 
creased the rate of attack. In ordinary welds, however, 
the rate of corrosion in acetic acid is much greater. 

Copper Alloy.—Gas welds in special bronze (50 Cu, 38 
Zn, 10 Ni, 2 Mn), made with flux, pickled and neutralized 
in 1% HNO; after welding, have better corrosion resist- 
ance than the base metal in many dye chemicals, acids, 
fuel oils, lubricating oils and acetone. Annealing is of 
no advantage. Gas-welded inserts in brass condenser 
tubes require no heat treatment to develop good cor- 
rosion resistance. 


Corrosion Resistance of Welds in Nickel and Its Alloys 


Nickel.—Welding rod for nickel and its alloys should 
have the same composition as base metal to avoid elec- 
trochemical action. Welded nickel dairy equipment is 
perfectly reliable. Nickel under stress, such as that 


caused by arc welding, may be sensitive to acetic acid 
corrosion. 

Inconel.—Inconel welds of good quality show no at. 
tack after long periods in acid refrigerating brines and 
are at least as corrosion resistant as unwelded sheet. A 
factor contributing to the good corrosion resistance of 
welds is that Inconel is relatively free from disturbances 
due to strain and recrystallization. Inconel welds de- 
veloped no intergranular corrosion after 100 hr. in acid 
CuSOx,. 

Monel Metal.—Monel metal welds are not resistant 
to a CuSO, acetic acid pickle, and are of doubtful value 
in hypochlorite liquor and concentrated formic acid, 
They are entirely resistant to dilute sulphuric acid, hot 
and cold soap solutions, dilute formic acid, cold sodium 
sulphide solutions and many technical dye reagents. 


Corrosion Resistance of Welds in Other Non-Ferrous 
Metals 


Magnesium.—Pickled gas welds in Electron are superior 
in general corrosion resistance to base metal on account 
of ‘vaporization of zinc. The seam is first washed in 
water, then pickled in HCl-chromate bath which forms 
a bronze-colored corrosion-resistant coating. In cast- 
ings, the fine grain of the weld metal also promotes cor- 
rosion resistance. 

Anodized spot welds in Dowmetal M (1.4 Al, 0.01% 
or 1.4% Mn) are less corrosion resistant than gas welds. 
The retention of fluxes used in welding magnesium alloys 
are sometimes particularly detrimental. 

Zinc.—Corrosion resistance of gas welds in 99.99% 
zine is good. If care is taken to remove all traces of flux, 
zinc may be gas welded without fear of introducing 
corrosion-promoting variables. ° 

Lead.—Service corrosion results on welded lead, soit 
or antimonial, are as satisfactory as on unwelded lead. 


Corrosion Resistance of Welds in Galvanized and 
Clad Steel 


Investigations show that in many cases regalvanizing 
or painting the welds is not necessary. Welds made 
with bare and coated electrodes showed rust stains to 
about the same extent. Multilayer fillet-welded speci- 
mens, however, showed a considerable amount of rust 
after 1100 hr. in salt spray. Bronze-welded specimens 
of galvanized sheet, prepared in several ways and also 
coated with aluminum paint after galvanizing, always 
showed less attack in salt spray tests than fusion-welded 
specimens. A bronze-welded joint in galvanized steel 
was not affected by either immersion in CaCl, or weather- 
ing. Spot- and flash-welded galvanized sheets resist 
weathering, and spot welds also resist salt water cor- 
rosion. Service corrosion results of bronze-welded gal- 
vanized iron acetylene generators have always beet 
satisfactory. Much has been written concerning meth 
ods of welding galvanized material, but the center of 
discussion is usually the brittleness (iron-zinc com- 
pound), rather than the corrosion resistance of the 
joint. 

Gas- or arc-welded 18-8 clad, Ni clad and Cu clad 
steels (put on by hot rolling) are as corrosion resistant 
as the cladding material, according to most investigators. 


Corrosion Resistance of Soldered Joints 


Soft-soldered joints in aluminum may fall apart after 


a few months in sodium chloride solution. 
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Aluminum soldered with zinc has poor corrosion re- 
sistance. The corrosion resistance of aluminum soldered 
with cadmium is improved by heat treating the joint. 

For aluminum, hard solders (Al base) exceed all soft 
solders in corrosion resistance. The corrosion resistance 
of joints made with a hard solder containing 11.5% Si, 
rem. Al, may be particularly good. 

Lap joints in 18-8, 18 Cr—-2 Ni, 13 Cr (pickled anodi- 
cally, except for 18-8 which was used in the bright-rolled 
condition) made with three solders: (1) 64-66 Sn,. 1.0 
Sb, rem. Pb; (2) 49-51 Sn, 2.4-3.0 Sb; rem. Pb; (3) 
pure Sn, and two fluxes: orthophosphoric acid and 
ZnCle, were exposed in a laboratory, in the open air, 
and to a sea water spray test for 6 to 14 mo. If the 
joints had been thoroughly washed, no corrosive effects 
were observed. Residues of flux, however, caused cor- 
rosion which was much more serious with ZnCl. than 
with orthophosphoric acid. 

Soft-soldered joints in unstabilized and stabilized 18-8 
were subjected to 20% NaCl spray for 500 hr. at 35° C. 
Soft soldering did not cause intergranular corrosion in 
either type. 

The Navy uses lead-tin solders for all applications 
involving fresh water or sea water. Soldering or rivet- 
ing is not satisfactory for stainless steel restaurant equip- 
ment, on account of the corrosion problem. Under 
some conditions, soldering seriously lowers the corrosion 
resistance of cupro-nickel alloys. The corrosion resist- 
ance of aluminum soldered to brass is bad. 

Up to about 3.5%, Sb has no effect on the appearance 
and corrosion resistance of soldered joints in steel. With 
higher Sb content, moist air may cause deterioration. 
Arsenic is harmful to corrosion resistance. Up to 3%, 
Zn or Cu is also harmful. Over 0.05%, Zn gives rise to 
oxided films which reduce the corrosion resistance. 
Zinc and aluminum as well may cause corrosion of elec- 
trical connections, if either is present in the solder. 

Silver-Soldered Joints—Silver solders are resistant to 
ordinary atmospheric corrosion, but are attacked by 
HNO; and are discolored by gases or products containing 


sulphur. Where Zn is harmful to corrosion resistance 
the Ag-Cu eutectic solder is employed. Overheating 
damages the corrosion resistance. Silver solders are 
resistant to many of the reagents to which high-nickel 
alloys are resistant. 

The Effect of Flux on the Corrosion Resistance on 
Soldered Joints.—Corrosive soldering fluxes for copper 
and other metals are sources of failure. Fluxes con- 
taining chlorides accelerate the corrosion of all soldered 
joints, particularly those containing zinc or those con- 
taining blowholes or other crevices. A cyanide or 
alcohol wash or hot water dip is recommended to remove 
flux (NH,Cl + ZnCl.) from soldered seams on copper 
and galvanized iron. 


Corrosion Fatigue 


The corrosion fatigue limit of welded boiler steel is 
reduced 25% in fresh water, according to some tests 
made by the U. S. Navy. 


Corrosion Resistance of Flame-Cut Surfaces 


Flame-cut surfaces in mild steel have better corrosion 
resistance than planed surfaces. 


Corrosion Resistance of Welds at Elevated 
Temperatures 


The resistance of welds to scaling omhigh-temperature 
oxidation seems to be the same as that of base metal, 
provided the weld has approximately the same com- 
position as base metal. 

The attack of welded joints by hot, high-pressure 
hydrogen in hydrogenation apparatus is more pronounced 
the more the weld metal differs in composition from base 
metal. 


Corrosion Resistance of Welded Joints 


Introduction 


HE modern concepts of the causes of corrosion are 

electrochemical in nature; that is to say, they are 

believed to result from local element action arising 
from differences of potential between neighboring points 
in a metal. In a broad sense, the chief factors con- 
tributing to the existence of such local potential dif- 
ferences are physical and chemical heterogeneities, 
among which may be mentioned, for purposes of illus- 
tration, grain size and grain orientation variations, phase 
boundaries, chemical composition differences, inclusions 
and many others too numerous to list. On the basis of 
such considerations, it becomes obvious that from a cor- 
rosion standpoint the object of the welding engineer is 
to secure a joint that is chemically and physically equal 
to the base metal. This, however, is practically impos- 
sible to achieve fully in view of the nature of the welding 
operation—a casting process involving the addition of 
new material, and a graded heat distribution on the 
surface followed by no hot rolling or homogenizing treat- 
ment. Furthermore, aside from the slight chemical and 
physical discontinuities that are bound to take place, 
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the operation may also be accompanied in multiphase 
alloys by structural changes in the base alloy that might 
affect its corrosion resistance, a good example of which 
is the carbide precipitation or the loss of chromium prob- 
lem in the welding of stainless 18-8. 

In view of these facts, the purpose of any laboratory 
test on the corrosion resistance of welded structures is 
twofold: first, from a practical viewpoint, it attempts 
to estimate the life expectancy of the whole welded 
structure under certain corrosive service conditions, in 
so far as these can be simulated in the laboratory, by 
determining either the loss in weight per unit of time or 
the per cent loss in tensile strength after a certain period 
of time in the medium; second, it tends to ascertain to 
what extent the welding operation and its resulting 
effects and changes actually enhance the corrodibility 
of the weld and its vicinity, and if so, how they may be 
reduced to a minimum, if not completely eliminated. 
The aim of the reviewers in this report, therefore, has 
been both to present the factual information for prac- 
tical purposes as well as to attempt an evaluation of the 
effects of the welding operation and its variables on cor- 
rosion resistance. The latter, however, had been pos- 
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Fig. 1—Distribution of Specimens with Reference to the Welded 
Joint in the Emf. Tests of Hunsicker' 


sible only when a direct comparison with data on non- 
welded materials could be made. 


Corrosion Resistance of Welds in Iron and Mild Steel 


Effect of Heterogeneity and Welding Technique — 


Theoretically, as pointed out in the introduction, one 
of the chief causes for preferential corrosive attack in 
or near a weld is the existence of local electrolytic action. 
This local element action is a direct result of the chemical 
and physical differences that exist between the weld 
metal and base metal in the vicinity of their junction. 
The chemical differences in composition may be reduced, 
although not completely eliminated, by employing weld 
metal of the same composition as base metal. In the 
case of iron or soft plain low carbon steels, however, in 
order to improve the mechanical strength properties of the 
weld, use is often made of low-alloy high-tensile strength 
rods, so that chemical differences are sure to exist. The 
physical, or more strictly the surface and metallographic 
differences at the weld, are a direct result of the welding 
heat, and their magnitude is, therefore, undoubtedly 
dependent to some extent on the technique and method 
of welding. 

To evaluate the effects of these physical and chemical 
differences on the corrosion resistance, Hunsicker' car- 
ried out a series of emf. measurements on strips of metal 
cut from a gas-welded iron plate parallel to the weld, 
paying particular attention to the influence of the 


a 


200 ~ 1200, 


Weld 


following experimental welding variables: 
(2) Composition of rod. 
(6) Composition of flame. 
(c) Sand blasting of surface. 
(d) Cu coating of rod. 
(e) Cutting technique. 


The welds were prepared by oxyacetylene welding two 
plates (V joint), each 50 x 80 x 15 mm., along the s0- 
mm. edge, and specimens cut for testing according to 
scheme shown in Fig. 1. Another series of specimens 
consisted of simple “built up” weld deposits on strips 
10 x 10 x 80 mm. (specimens 1-16 in Table 1). The 
emf. readings were made in a 1% NaCl solution at 18° 
C., the specimens being balanced against a standard 
quinhydrone electrode. Along with the emf. data, 
weight loss determinations were made after § hrs.’ 
immersion in an agitated 1N HCl solution (20° C.), the 
results of which, however, were too erratic due to surface 
peeling and are, therefore, not included herein. The 
details of welding, treatment of the specimens and the 
results obtained are reproduced in Tables 1 and 2 and 
the graphs of Fig. 2 (a, 6 and c). 

On the basis of the potential measurements as given 
in the above graphs the author draws the following con- 
clusions: 

i. The weld and neighboring metals have approxi- 

mately the same potential; no appreciable dif- 

ference was noted between the three types of 
welding rod employed (Fig. 2, compare a, } and 

c). 

Flame composition affects the initial potentials 
only, those with excess oxygen giving somewhat 
better values (Table 1). 

3. Sand-blasted welds are more noble and less cor- 
rodible than non-blasted onés (Table 1). This 
conclusion, in the opinion of the reviewers, 
however, is hardly justified in view of the actual 
potentials obtained (compare specimens 7 and 
8, 11 and 12, 15 and 16 in Table 1). 


4. Coarse-grained sand produces a more corrodible 
surface than fine-grained. 


5. Filing of the welds to remove the oxide film had 
no appreciable effect on their potentials; filed 
specimens of the neighboring zones, however, 
were slightly less noble than corresponding non- 
filed ones (compare specimens 1-5 with 6-10 
in Fig. 2). 

6. The Cu coating of the welding rod had no influence 

on the potential readings (Table 2). This, ac- 
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Fig. 2—Potential Measurements on Welded Iron Plates in a 1% NaCl Solution. Hunsicker! 
Plate a welded with Phonix rod; plate b with GV2 rod; plate ¢ with GV3 rod. Specimens 1-5: surface “‘as- 


welded;’’ specimens 6-10: surface filed. 
+ = Weld tested in ‘‘as-welded”’ condition. 
© = Weld tested after filing. 
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Table 1—Emf. and Weight Loss Measurements of “‘Built-Up"’ Iron Welds. 


Hunsicker' 


Specimen Size: 10 x 10 x 80 Mm. 


Specimen Emf. in Mv. Loss in Weight, 
No. Treatment Initial Final Gm./M.?/Hr. 
1 Heated to bright red heat, neutral flame 480 670 39 4 
2 Heated to bright red heat, excess acetylene 515 650 67.6 
3 Heated to bright red heat, excess oxygen 460 665 43.5 
4 Surface remelted, neutral flame, no additions 485 715 21.5 
5 Surface remelted, excess C,H», no additions 495 695 26.1 
6 Surface remelted, excess O2, no additions 460 670 228 .3° 
7 Surface remelted with Phonix rod,t neutral flame 440 680 16 4 
8 Surface remelted with Phonix rod, neutral flame and sand blasted 400 742 13.9 
i) Remelted with Phonix rod, excess C,H, 420 665 7.4 
10 Remelted with Phonix rod, excess O» 445 702 : 5 
11 Remelted with GV2,t neutral flame 415 687 Pe 
12 Remelted with GV2, neutral flame and sand blasted 380 738 10.8 
13 Remelted with GV2, excess C,H, 436 650 9.8 
14 Remelted with GV2, excess O, 408 657 14.4 
15 Parent metal, sand blasted 585 765 35.0 
16 Parent metal, non-treated 665 835 23.2 


* Oxide film broke. 
+ German commercial designation; composition not given. 


cording to the author, is in agreement with 
other data in the literature to the effect that Cu 
improves the corrosion resistance of iron only 
after its content exceeds 0.2%. 

7. Machine-cut surfaces are more noble than hand- 
cut ones. 


In connection with these findings of Hunsicker with 
reference to the effects of chemical heterogeneity, it 
should be mentioned that also Portevin and Leroy’: *: 4 
state that in their experience they found chemical and 
microscopic heterogeneity in welds of structural steels 


Table 2—Effect of Composition and Cu Coating of Rod on 
the Corrosion Resistance of Fe Welds. Hunsicker' 


Weight Loss, 


Welding Rod* Potential Mv. Gm./M.?/Hr. 


Non-welded base metal 840 11 
Phonix rod weld 820 31 
GV2 rod weld 780 29 
GV3 rod weld 820 24 
GV2 rod weld (Cu coating 

removed) 760 62 


* German commercial designations; compositions not given. 


practically of no significance as far as their corrosion 
resistance was concerned. Of far greater importance, ac- 
cording to the latter authors, are differences in the sur- 
face conditions, slag and oxide inclusions, blowholes, 
porosity and the inherent corrosion resistance of the 
weld metal itself—in brief, the quality of the weld. 


Acid Tests (Arc Welds) 


Welds in mild steel plates (0.08 C and 0.15 Cu), made 
with shielded arc electrodes, are as corrosion resistant as 
the base metal in 30% HCl, according to tests carried 
out by the Research Laboratories of the Arc Mfg. Co. 
of Great Britain.’-* No preferential attack on or near 
the weld could be noted after 90 days in the above solu- 
tion. The above concentration of acid was chosen be- 
cause of its supposed ability to detect even slight varia- 
tions in corrosion rates. 

Disk-shaped specimens of wrought iron (0.08 C) and 
all-weld-metal (0.09 C and 0.15 Cu), deposited from 
shielded arc electrodes and tested for 70 hr. in the above 
solution, yielded coefficients of corrosion of 200 and 16.6, 
respectively, the latter quantity being defined as the 
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loss in weight in mg./cm.?/24 hr. The all-weld-metal 
disk was affected evenly by the acid and the individual 
runs were hardly visible. The higher corrosion resist- 
ance of the all-weld-metal is attributed by the authors 
to its finer grain structure. 


Saline Tests 


Welded steel plate specimens (0.2% C) (no details of 
welding), exposed for one year to salt air, tidal immersion 
and full immersion in sea water at® Eastport, Maine, 
proved as corrosion resistant as non-welded plates in the 
air tests, but were poorer in tidal and full immersion in 
sea water, according to the U. S. Engineering Office.® 
Machining down of the welds did not affect these results. 
Russian investigators’ report that electric arc-welded 
joints in mild steel plates (0.19 C) welded with coated 
electrodes corroded at a much faster rate than the base 
metal when exposed to either river or sea water. If, 
however, the weld coatings were mixed with Cu and Cr 
in sufficient amounts to result in contents of 0.54-0.7% 
Cu and 0.05-0.08% Cr in the weld, the latter had be- 
come corrosion resistant. 


Coated vs. Bare Electrodes 


In the tests of the Arc Mfg. Co. in 30% HCl, welded 
joints made with either bare wire or flux-cored electrodes 
in mild steel plates (0.08 C) were attacked at a much 
faster rate than the base metal. Welds made with 
““‘high-grade’’ coated electrodes, however, were at least 
as corrosion resistant as the base metal. Further tests 
in the same reagent (50 hr.) have shown that runs de- 
posited with bare wire and flux-cored electrodes (weld 
metal: 0.02-0.03% C) on iron strip (0.08 C and 0.18 
Cu) were subject to deep pitting in the weld. Runs 
deposited with thinly coated electrodes were only slightly 
more corrosive than the plate, while those deposited with 
high-grade electrodes (coating 0.6-0.13 mm.; core 4 
mm.) showed no preferential attack. Addition of small 
percentages of Ni (1%) to the electrode greatly improved 
the corrosion resistance of the deposits. 

Also Larson* observed that butt-welded V joints made 
in a low carbon steel plate (0.19 C, 1 in. thick) with bare 
electrodes exhibit a much severer attack on deep acid 
etching than those made with heavily coated electrodes. 
Analysis has shown that the bare electrode weld metal 
contained 0.298% O, and 0.131% Nz as against 0.024 
O» and 0.004 N; for the covered electrode weld metal. 


215-s 


Ne: 
. 
f 
« 
"= 
oii res 
yr 
J 
i 
4 
age 
By 
cary 
1 
q 


The author tends to attribute the poor corrosion resist- 
ance of the bare electrode weld metal to the injurious 
effects of the picked-up N2 and O; (no tests). 


Corrosion Behavior Under Service Conditions 


Holslag’® cites the following examples in support of 
his contention that structural steel welds are as corrosion 
resistant, if not more so, as the base metal: (a) Welds 
on the transmission line and signal bridge of the N. Y. 
Central Railroad along the Hudson River, exposed for 
25 yr. to tide water, showed no signs of corrosion. In 
fact, in some cases the base metal was corroded in 
preference to the weld. (b) Welded test pieces in 
battle cruisers showed no undue excessive corrosion after 
20 yr. in service. (c) Welds of an all-welded building 
exposed to smoke and bad ventilating conditions were 
absolutely intact after 20 yr. (d) Repair welds in 
boiler tubes and boiler shells were perfect even after some 
of the rest of the metal had developed pitting. 

Claassen" states that in his experience in the applica- 
tion of arc welding in ship construction he found the 
corrosion resistance of welded joints at least as good as 
that of the plate metal and at times even better. To 
illustrate, the author relates his experience with an arc- 
welded tank that had been used alternately to carry 
benzene and sea water for 2 yr. The welds stood up 
better than the parent plates. Also Lee” reports that 
welded steel vacuum pans used for brine evaporation in 
salt manufacture, that had been in use for 5 yr., showed 
only negligible corrosive attack. An anonymous source™ 
reports that a yearly examination of the all-welded ship 
Fullagar revealed no preferential corrosion at the welds. 

Gutleben™ reports that the Penn. Sugar Co., on the 
basis of corrosion experience they have had with riveted 
and welded fermenters in the course of 10 yr., had 
decided in favor of welded construction. Similarly, 
numerous other authors": '- ” point to the advantages of 
welding over riveting in combating corrosion on such 
general principles as the elimination of pockets, crevices, 
discontinuities and juxtaposition of metals—all these 
being focal points for the collection of corrosive media 
that finally result in an accelerated attack. For these 
very reasons Hunsicker™ suggests that from the cor- 
rosion viewpoint butt joints are to be preferred to lap 
joints in welded construction. This is especially true in 
pipe welding where insufficient penetration is almost sure 
to hamper the flow at the joint and thereby accelerate 
corrosion. Furthermore, the very smooth lines and the 
absence of awkward corners render the painting of a 
welded structure much simpler and more effective than 
is the case in riveted construction.” 


Corrosion Resistance of Welds in Cast Iron 


Emf. measurements (1% NaCl) and weight loss tests 
(1N HCl), similar to those performed on the Fe welds 
discussed above, were made by Hunsicker' also on welded 
cast-iron .plates, 15 mm. thick. The latter contained 
3.4 C, 1.63 Si, 0.032 P, 0.01 S and were oxyacetylene butt 
welded (V joint) with a neutral flame, employing cast- 
iron rod as filling material. The results are reproduced 
in Fig. 3. The non-welded base metal showed a lower 
initial and final potential (740 mv.) than any of the 
specimens cut from the welded plate, including the 
weld (800 mv.). In contrast to the behavior exhibited 
by Fe, the potentials of the cast-iron specimens were the 
same in both the unfiled and filed conditions. The poten- 
tial of the weld was somewhat lower than that of the 
neighboring specimens. Also from the weight-loss 
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Fig. 3—Potential and Weight-Loss Measurements on Welded 
Cast-Iron Plates. Hunsicker! 


Specimens 1-5: surface filed; specimens 6-10: surface “‘as. 
welded.” 


measurements, showing excellent agreement with the 
emf. data, the weld appeared to be more corrosion resist- 
ant than the neighboring metal (Fig. 3). 


Corrosion Resistance of Welds in Stainless Steel 


Plain Chromium Type 


General Comparison with 18-8.—Gas or metallic are- 
welded (‘‘as-welded,’’ austenitic filler metal) ferritic 
plain chromium stainless steels are subject to inter- 
granular corrosion in CuSO,-H.2SO, solution, according 
to Tofaute.* Unlike the behavior of the 18-8 steels 
that usually show the preferential attack at about 20- 
30 mm. away from the weld, the intergranular corrosive 
attack in the ferritic chrome steels was concentrated 
right next to the weld in the latter author’s tests. In 
Cr-Mn steels, therefore, that have both ferritic and 
austenitic phases, two zones of attack may usually be 
found: one near the weld in the grain boundaries of the 
newly formed ferritic grains during welding, and the 
other at about 20-30 mm. away from the weld, in the 
austenite grain boundaries (Tofaute™). Norwood, how- 
ever (private communication) states that the corrosion 
adjacent to the welds in plain chromium steels is rarely 
intergranular in character, and is to be attributed to a 
combination of factors involving stresses, grain size and 
air-hardening effects. Similarly, this author believes 
that the corrosion of the ferrite phase in the Cr-Mn steels 
is general and not intergranular. 

Effect of Stabilizing Elements.—In the welds of To- 
faute™ (made with austenitic filler metal, ‘‘as-welded’’), 
additions of Ti (0.6-1.24%, depending on carbon con- 
tent) or Ta + Cb (see Table 3) to the plates completely 
removed the intercrystalline corrosion adjacent to the 
welds. Merely increasing the Si or Cr content of the 
plate, or adding Mo, was not sufficient to stabélize these 
steels, if no regular stabilizing elements are present. Of 
the three elements tested, Ta was the least effective one. 
From similar tests by Hougardy” it is apparent that the 
amounts of stabilizing elements required to give satis- 
factory results depend upon the carbon content of the 
steel. A welded 18% Cr steel with a C : Ti ratio of 1 :5 
completely disintegrated by intergranular corrosion after 
200 hr. (no details of medium); no attack was observed 
when the ratio was increased to 1:7.4. Similarly, a welded 
18% Cr steel with a C : Cb ratio of 1 : 7 broke down 
(intergranular corrosion, not stated whether in weld metal 
or plate) in 120 hr.; one with a ratio of 1 : 10 was hardly 
affected. According to Norwood Aluminum Co. (private 
communication), however, stabilizing elements, colum- 
bium and titanium, are added to the straight chromium 
steels to prevent air hardening, which air-hardening 
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effect tends to make these steels brittle and subject to 
general corrosion (not intergranular). 


18-8 Type 


Acid Tests.—All-weld-metal deposited from austenitic 
18-S */ys-in. coated electrodes (C < 0.06%) showed 
practically no change in electrical resistance after 100 
hrs.’ immersion in boiling CuSO,.-H2SO,, even if heated 
for 23 hr. at 650° C. prior to testing, according to 
Ellinger and Bibber.* Whether or not each bead had 
been quenched before the next one was put on during 
the deposition of the weld metal, the results were the 
same. Similarly, V butt joints in */s-in. low carbon 
(C < 0.06%) 18-8 plates (rod same as above), welded 
either continuously or by intermittent quenching of 
each deposited bead, showed the same behavior. Micro- 
scopic examination revealed many carbides precipitated 
at the grain boundaries. The authors, therefore, con- 
clude that this reagent does not cause intergranular cor- 
rosion in austenitic steels containing less than 0.06% 
carbon, even after heat treatment to intensify carbide 
formation. 


one HEAT TREATMENT | 
P NONE o-———o 
1HR AT 650°C 
1HR AT 980°C 
Q OJ2 
008 


TOTAL PENETRATION, 


CORROSION PERIOD 48HR EACH 


Fig. 4(a)—Corrosion of Welded Specimens in Boiling Nitric 
Acid. Ellinger and Bibber* 
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Fig. 4(b)—Corrosion of Weld Metal in Boiling Nitric Acid. 
Ellinger and Bibber*™ 


After five 48-hr. periods in boiling HNO; (67% by 
weight), the welded joints revealed intergranular cor- 
rosion in the zones neighboring the weld only if pre- 
viously heated for 1 hr. at 650° C., while the all-weld- 
metal was not corroded no matter what the heat treat- 
ment was (Fig. 4 (a) and 4 (b)). Microscopic examina- 
tion of the all-weld-metal after 1 hr. at 650° C. revealed 
the presence of many 6-Fe islands in the y, with carbides 
precipitated around them. It appears, therefore, that 
when carbides are not precipitated in the grain boundaries 
of the austenite, as is the case in the all-weld-metal, they 
are not attacked by HNO;. Furthermore, as is illus- 
trated by the behavior of the weld metal, the welding 
operation alone does not bring about sufficient carbide 
precipitation to cause intergranular corrosion in this 
reagent. 

Eight 15-min. tests of these specimehs in boiling con- 
centrated HCl (50% H:O) produced uniform corrosion 
(non-intergranular), the weld metal and welded plates 
both showing greater attack in the “‘as-welded’’ condi- 
tion than non-welded materials. After 1 hr. at 650° C., 
or still better 1 hr. at 950° C., however, the weld metal 
a less corroded (author offers no explana- 
tion). 

The corrosion rate of all-weld-metal, deposited from 
19-9 low carbon (no details) electrodes and immersed 
for five 48-hr. periods in boiling concentrated HNO, 
(67%), increased after each period, according to 
Thomas.” Thus, the loss of weight in the second period 
was 20% greater than in the first, 25% greater in the 
third than in the second, 35% greater in the fourth and 
45% in the fifth period. Using electrodes of the same 
composition but with different coatings, widely different 
corrosion rates were obtained in the same tests. The 


Table 3—Effect of Stabilizing Elements on the Intergranular Corrosion of Welded 18, 24 and 30% CrSteels.* Tofaute** 


No _ Si Mn Cr 
1 0.1 0.35 0.47 16.5 
2 0.11 0.85 0.49 17.9 
3 0.13 0.39 0.42 17.4 
4 0.04 0.44 0.36 18.2 
5 0.06 0.04 0.41 16.8 
6 0.04 0.42 0.41 17.5 
7 0.05 0.55 0.55 18.4 
8 0.04 0.35 0.47 19.2 
9 0.05 0.30 0.27 17.4 
10 0.05 1.83 0.52 18.1 
ll 0.04 0.67 0.44 24.3 
12 0.04 0.63 0.46 29.3 
13 0.03 0.45 0.43 23.5 
14 0.05 1.02 0.43 30.4 


Intergranular Corrosion in Mm.t 


Oxyacetylene Arc 
Mo, Ti, Ta and Cb Welds Welds 
2.5 2.0 
1.24 Ti 0.0 
2.10 Mo 2.4 
3.0 
0.88 Ti 0.0 0.0 
1.09 Ta +0.09 Cb 3.0 Traces 
0.09 Ta +0.71 Cb ; 0.0 
0.31 Ta +0.35 Cb 0.0 
2.08 Mo 2 0 
2.8 
2 0 
0.60 Ti 0.0 
1.14 Ti 0.0 


* Oxyacetylene and arc-welded butt joints (V = 60°) in 6-mm. plates, using austenitic filler metal 


t Tests consisted of 200 hr. in CuSO,-H,SO, solution. 
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Table 4—Chemical Analysis of Ingot and Weld Metal. 


ingot metal (both ‘“‘as cast’’ or “‘sensitized’’), and the 
authors attribute its greater rate of corrosion to their 


Ostrom and Thomas* presence. Small patches of ferrite, found in both ma. 
Ingot Metal Weld Metal terials in the “‘as-cast’”’ condition, did not seem to affect 
Chromium 19.88 19.30 their corrosion properties. Whenever present, however. 
Nickel 10.57 10.57 carbides tended to precipitate around them in preference 
Carbon 0.061 0.061 to the austenitic grain boundaries. 
Silicon 0.42 0.50 
Manganese 0.62 0.70 Weld metal deposited as a joint in grooves between 
Sulphur 0.015 0.016 two plates (no details), and hence simulating more norma] 
Phosphorus 0.008 0.010 commercial welding conditions, behaved considerably dif- 


author attributes the differences to the effects of the 
coatings. 

Ostrom and Thomas™ have carried out a series of 
experiments designed to verify experimentally the fre- 
quently made assertion that weld metal of 18-8 is 
generally comparable to cast metal. Weld metal speci- 
mens, consisting of 2 x 5 x 11 and 4'/, x 4'/» x 5-in. 
blocks, were prepared by simple arc deposition of suc- 
cessive layers from */;.-in. coated electrodes (made from 
same stock as ingot metal). Corrosion tests consisted of 
weight loss determinations after each of five 48-hr. im- 
mersions in 65% boiling HNO;. Each specimen was 
tested in four constitutional states, corresponding to the 
following heat treatments: 


“As is’’ (corresponding to state of last operation). 

Annealed 15 min. at 1950° F. and water-quenched. 

Annealed 60 min. at 2300° F. and water-quenched. 

Annealed at 1950° F., water-quenched, held 4 hr. 
at 1200° F. and air cooled (sensitizing treat- 
ment). 


Chemical analysis showed the weld metal to have re- 
tained its original composition, except for a slight loss of 
Cr (0.58%) (Table 4). The quantitative results ob- 
tained, expressed in inches penetration per month, are 
reproduced in Table 5. As can be readily seen, weld 
metal corroded at a much faster rate than ingot metal in 
either the ‘‘as-cast,’”’ “‘hot-rolled’’ or “‘sensitized’”’ condi- 
tions. After a solution heat treatment, however, weld 
metal was only slightly more corroded than ingot 
metal. In general, as would be expected, ‘‘sensitized’’ 
specimens exhibited the greatest corrosion rates. 
Qualitative microscopic examination revealed that 
weld metal contained considerably more carbides than 


ferent from the pure weld metal blocks described above. 
In the “as-welded”’ and “sensitized’’ condition it was 
more corrosion resistant; comparable results were ob- 
tained, however, in the solution heat-treated condition 
(Table 6). On the basis of these results the authors 
conclude that, if the weld can be completely heat- 
treated, the welding operation has little effect on the cor- 
rosion properties. If the welds are to be put in service 
in the ‘‘as-welded’’ condition, however, care should be 
taken to give each weld bead a “fairly rapid” quench to 
insure maximum corrosion resistance. On that basis, 
the authors suggest that joints made with small diameter 
electrodes should be more corrosion resistant than those 
made with large electrodes, since the beads of the 
former cool more rapidly. 

Saline Tests.—18-8 stainless plates, 0.06 in. thick and 
containing 0.06-0.14 C, 18 Cr and 9 Ni, welded with a 
reducing oxyacetylene flame (excess acetylene) using 
filler rod of the same composition as base metal, were 
subjected to a 25% salt spray test by Daubois.”® The 
specimens were in the buffed state and some had been 
bent prior to testing. No preferential corrosion took 
place. In the Leclanche cell test (25% NaCl), however, 
all specimens, regardless of carbon content, developed a 
band of general corrosion at about 2Q mm. from the weld 
on both sides, but no pitting could be observed. The 
general corrosion is attributed by the author to probable 
carbide precipitation. An ‘‘as-welded” specimen cor- 
roded in preference to an unwelded specimen that had 
been cold worked, indicating that heat effects are of 
greater significance than cold working with reference to 
corrosion resistance. Heat treatment (water quench 
from 1050° C.) did not fully restore the corrosion- 
resistance properties of the weld metal. No correlation 
was found between the presence of slight magnetism and 
corrosion resistance. 


48-Hr. Periods 
Heat Treatment Ist 2nd 3rd 4th 5th 
Cast ingot: 
As cast 0.00081 0.00082 0.00119 0.00304 0.00444 
1950 anneal 0.00048 0.00048 0.00046 0.00047 0.00051 
2300 anneal 0.00058 0.00049 0.00047 0.00050 0.00044 
1200 sensitized 0.00115 00281 0. 0.01069 0. 


Weld metal: 


As cast 0.00169 0.00941 0.02003 0.02556 0.06050 
1950 anneal 0.00068 0.00057 0.00061 0.00061 0.00061 
2300 anneal 0.00070 0.00060 0.00057 0.00056 0.00057 
1200 sensitized 0.01488 0.05198 0.06104 
Hot-rolled ingot : 

As rolled 0.00056 .00092 0.00156 0.00326 0.00389 
1950 anneal 0.00047 0.00047 0.00046 0.00051 0.00054 
2300 anneal 0.00047 .00047 0.00048 0.00049 0.00045 


1200 sensitized 0.00086 


Weld metal, not rolled: 


.00999 


As rolled 0.00126 0.00545 0.01332 0.04157 0.01363 
1950 anneal 0.00069 0.00057 0.00060 0.00061 0.00060 
2300 anneal 0.00071 0.00059 0.00055 0.00068 0.00042 
1200 sensitized 0.062 0.167 0.125 
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Table 6—Nitric Acid Corrosion Rates of All-Weld-Metal from 
Actual Joints. Ostrom and Thomas” 


Corrosion Rate, Inches Heat Treatment 


per Month, 48-Hr. Annealed  Sensitized at 
Periods As-Welded at 1950° F. 1200° F. 
Ist 0.00078 0.00098 0.00442 
2nd 0.00094 0.00061 0.02771 
3rd 0.00128 0.00058 0.04693 
4th 0.00144 
5th 0.00141 0.00058 


The Bell Aircraft Laboratory (private communica- 
tion) reports that metallic-are flange welds in stabilized 
18-8 sheets, 0.031 in. thick, showed only slight oxidation 
and discoloration when exposed in the “‘as-welded”’ con- 
dition for 10 days to a 20% salt spray. The same was 
true of carbon arc flange welds. Oxyacetylene flange 
welds, however, made with a neutral flame, showed a 
large excess of oxides after exposure but no corrosion 
(Table 7a). 

Sasaki*® carried out potential difference measurements 
between base metal and fused weld metal in sea water 
electrolyte to study the effect of galvanic action caused 
by composition differences resulting from welding. No 
close correlation, however, was found between these re- 
sults and weight-loss measurements (Table 7), and no 
definite conclusions can therefore be drawn therefrom. 
The weight-loss data, however, tend to indicate that for 
both austenitic and ferritic stainless steels, austenitic 
rods are to be preferred as regards corrosion resistance 
in the reagent tested (3% NaCl solution). 

Effect of Stabilizing Elements.—Franks" has shown that 
18-8 stainless plates containing Cb (0.9-1%) may be 
welded with Cb bearing rods by either the electric arc 
or oxyacetylene method without fear of introducing inter- 
granular corrosion susceptibility (Tables 8 and 9). Such 
welds will remain immune to intergranular corrosive 
attack even at 300-800° C. Ti bearing 18-8 steels 
should also preferably be welded with Cb bearing rods, 
since Ti is apt to be oxidized during welding. An addi- 
tion of 1-2% Mn to the welding rod slightly increased 
the corrosion resistance (Table 9). No preferential at- 
tack occurred in any of the Cb bearing welded steels 
after two 84-hr. periods in boiling 65% HNOs, or a 
similar period in 20% HNO; containing 4% HF acid 
at 60° C. One-eighth-inch thick 18-8 plates, however, 
containing 1.99 Mn, 3.06 Mo, 0.83 Cr and 0.09 Carbon 
and welded with rod of the same composition showed a 
preferential pitting attack at the weld when exposed 
“as welded” to a 10% NaCl solution containing 5% 
FeCl; at room temperature for 65 hr. No pitting in 
either the plate or the weld occurred when the welding 
rod contained Cr and Ni contents above that of the plate 
metal. 

Arc and Gas Welds Compared.—Arc-welded stainless 


steels were 2—3 times more corrosion resistant (no details) 


Test No. Specimen Shape Joint Type Weld Type 
1 Tube to sheet Plug Carbon arc 
2 Sheet to sheet Lap Spot 
3 Sheet to sheet Flange Carbon arc 
+ Sheet to sheet Flange Metallic arc 
5 Sheet to sheet Flange Oxyacetylene 


Salt spray test for 
Concentration—20% 


CORROSION RESISTANCE OF WELDED JOINTS 


than gas welds in immersion tests in 85% ammonium 
nitrate solution carried out by Alexejew.” Further- 
more, the arc-welded joints showed a greater rate of 
passivation, so that after 200-240 hr. no further cor- 
rosion took place; in the gas-welded joints the corrosion 
rate increased continuously with time. In HNO; + HCl 
(2 : 1) tests, arc welds were more resistant to corrosion 
than the base metal, while in gas-welded specimens the 
reverse was true. Also Tofaute™ found electric arc 
welds slightly more corrosion resistant than oxyacetyl- 
ene welds. 

Spot Welds.—Spot welds in stainless steel (18.5 Cr, 
8.2 Ni, 0.5 Ti) tended to acquire more rust than the 
remainder of the panel in the tests of Mutchler® (1 yr. 
exposure in saline weather conditions). Additions of 
Mo improved the resistance of the alloys slightly. There 
was no evidence of deep pits in the weld. McKinney™ 
states that with adequately cooled electrodes and correct 
pressure, combined with high welding current and short 
time of application, all the corrosion resistance of stain- 


Table 7—Corrosion Tests of Stainless Steel Welds. 


100 Hr. 


in 3% NaCl Solution. Sasaki” 
Corrosion Loss, 
Base Metal Filler Rod Gm./Cm.? 
Austenitic stainless Unwelded 0.0002 
Austenitic stainless Ferritic stainless 0.0005 
Austenitic stainless Austenitic stainless 0.0003 
Ferritic stainless Unwelded 0.0011 
Ferritic stainless Ferritic stainless 0.0008 
Ferritic stainless Austenitic stainless 0.0008 


less 18-8 can be retained. He recommends a welding 
time of '/33 sec. for thicknesses in the neighborhood of 
0.025 in. (no experimental work). A Japanese® in- 
vestigator finds that additions of Ti, Ti + Si, or Sb, 
greatly improve the intercrystalline corrosion resistance 
of spot welds. 

General Observations.—There is unanimous agreement 
among all investigators that, in order to preserve the 
corrosion-resistance properties of oxyacetylene welds, a 
neutral flame should be employed, because of the danger 
of introducing carbon (reducing flame) or oxidizing the 
Cr (oxidizing flame). In view of the difficulty of main- 
taining an absolutely neutral flame, however, some in- 
vestigators®: * prefer a slight excess of acetylene, while 
others think that a slight excess of O», with the use of a 
flux to prevent oxidation, is the lesser evil.” 

For plates over 3 mm. in thickness, metallic-arc weld- 
ing is to be preferred,® because the greater localization 
of heat and shorter time of the latter process results in 
less pronounced constitutional changes (carbide pre- 
cipitation). Due to the higher temperatures developed 
in arc welding, however, evaporation of Cr and oxidation 
of Ni might take place. This can be avoided (although 
not completely) by using a shorter arc, or still better, by 
using electrodes with a Cr content above that of the base 
metal.*: ** 


Degree of Oxidation and Discoloration As- 


Filler Rod Welded Without Passivation 
Fluxed Excessive 
None Slight 
None Slight 
Fluxed Slight 
Bare Excessive 
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Table 8—Corrosion Tests on Non-Welded 18-8 '/,-In. Plates in Boiling 65% HNO;. Air Cooled from 1075° C. it an 


——Composition, %- 


Cr Ni Mn Si Cb Cc 
18.39 9.02 0.50 0.27 0.72 0.06 
18.86 9.45 0.65 0.49 0.74 0.06 
17.66 10.10 0.99 0.45 0.54 0.07 
17.53 10.47 0.99 0.44 0.87 0.07 
17.99 10.01 1.68 0.46 0.84 0.07 
19.21 10.55 2.08 0.56 0.96 0.07 


1st 48-Hr. Period 


Inch Penetration per Month————— 
2nd 48-Hr. Period 3rd 48-Hr. Period 


0.0010 0.0009 0.0010 
0.0010 0.0008 0.0008 
0.0010 0.0007 0.0007 
0.0011 0.0007 0.0007 
0.0011 0.0007 0.0007 
0.0010 0.0007 0.0006 


Foreign particles (slag) on the surface of welds should 
be removed, as they tend to break the corrosion-resistant 
film.” 

Simpson” states that a carbon content less than 
0.07% is not always an assurance against intergranular 
attack and all stainless steel welds should, therefore, be 
heat treated. Vaillant*' concurs in that opinion, point- 
ing out that the corroding medium, the critical tempera- 
tures reached during welding and the rate of cooling, all 
influence the results. The usual recommended heat 
treatment is heating to 1900-2000° F. and rapid cooling. 
On welded thin parts air cooling is sufficient, according 
to Jennings.” 

Hougardy”™ believes that cold working of seams is in- 
jurious to the corrosion resistance. 

From a structural design viewpoint the latter author 
recommends that welds be spaced at fair distances apart 
and superposition be avoided. Even Ti bearing steels 
should not be used in construction where cross welding 
is required, according to Krivobok,“ because of the 
danger of burning the Ti; Cb steels are much safer in 
this respect. 

Meunier and Schnadt“ remark that the Huey test 
(corrosion of 18-8 shall not exceed 1 mm. in thickness 
after three 48-hr. periods in concentrated HNOs) is not 
applicable to welded 18-8 because of the inconsistencies 
of the results obtained. Variations as high as 30% have 
been noted in experiments carried out by the authors 
(no details). 

Corrosion Behavior in Service.—Although not strictly a 
corrosion test, it is worth noting the role that welding 
plays in combatting corrosion and solving industrial 
corrosion problems, as exemplified by its use in the pre- 
vention of cavitation on turbine blades. The develop- 
ment of large hydraulic turbines has been greatly im- 
peded in the past by cavitation and its destructive pitting 
action. Electrically welded-on overlays of either chrom- 
ium or austenitic chrome-nickel steels solved the problem. 
Thus, in tests made by Davis and Mousson,® cavita- 
tion losses of plain C (0.07—0.13 C) or low-alloy steel 
(2.5 Mo, 0.30 Ni + 0.08 C) turbines ranged from 70- 
80 cu. mm. per 16 hr.; those of turbines with welded- 
on overlays of corrosion-resisting materials, either of the 
straight Cr or the 18-8 type, ranged from 8-17 cu. mm. 


for the former and 1.3-25 cu. mm. for the latter type 
There appeared to exist a correlation between the hard- 
ness of the deposits and the pitting resistance—harder 
deposits showing less pitting. 


Effect of Welding on Stress Corrosion 


18-8 Steels 


Hoyt and Scheil® report the failure of a welded man- 
way neck in a paper pulp digester used for sulphite 
digestion through the development of cracks that ran 
from the seam of the weld into the neck for a distance of 
'/, to lin. The neck was constructed of solid stainless 
steel plate, °/s in. thick, of the 21-11 chromium-nickel 
type (21.22 Cr, 11.45 Ni and 0.15 C). The cracks were 
intergranular, closely following the austenite grain bound- 
aries, but there was no evidence of either an inter- 
granular or pitting corrosion attack. Microscopic ex- 
amination, however, revealed the presence of precipi- 
tated carbides in the grain boundaries and after a 20-hr. 
test in the boiling Strauss solution (10% H2SO, and 10% 
CuSO,) the surfaces were badly corroded in the grain 
boundaries. This proved that the material was in a 
structural condition at least susceptible to intergranular 
corrosion attack, but it did not explain the cause of the 
cracking. Specimens taken from the neck and measur- 
ing 7/¢4 in. thick by °/s in. wide by 3 in. long, were, there- 
fore, cold bent into a horseshow shape over a 1*/,-in. 
arbor and subjected to various elastic stresses while 
testing in the Strauss solution (5000—60,000 psi.). All 
specimens developed intergranular corrosion and cracks 
on the stressed bend after a short time (24 hr.), the num- 
ber of cracks corresponding to the magnitude of the 
applied stress. A cold-bent horseshoe specimen, not 
subjected to elastic stresses, was corroded but not cracked. 

A specimen that was given a carbide precipitation treat- 
ment (1850° F. air cooled + 1200° F., 2 hr., air cooled) 
after the cold-bending operation corroded but did not 
crack even under application of elastic stresses. A solu- 
tion heat treatment after cold bending (quench from 
1950° F.) prevented both corrosion and cracking. On 
the basis of these results the authors suggest that both 


Table 9—Effect of Mn in the Welding Rod on Corrosion Resistance of 18-8 Welds Containing Columbium. Welds Tested 
in the “‘As-Welded’’ Condition in Boiling 65% HNO;. Franks*' 


Thickness 

———-Composition of Welding Rod, °{—-——-— of Plate, 
i Ni Si Mn @ Cb In.* 
19.68 10.71 0.68 0.60 0.07 0.88 1/, 
19.68 10.71 0.68 0.60 0.07 0.88 i/, 
19.32 10.70 0.60 2.05 0.08 0.91 i/s 
19.32 10.7 0.60 2.05 0.08 0.91 1/, 
19.35 9.79 0.69 4.53 0.06 0.96 1/s 


19.35 


* One-half-inch plates were arc welded; 


0.69 0.06 0.96 


1/,-in. plates oxyacetylene welded. 


Inch Penetration per Month 


Ist 48-Hr. 2nd 48-Hr. 3rd 48-Hr. 4th 48-Hr. 5th 48-Hr 


Period Period Period Period Period 
0.0013 0.0011 0.0015 0.0016 0.0018 
0.0011 0.0010 0.0011 0.0011 0.0012 
0.0011 0.0009 0.0011 0.0012 0.0012 
0.0011 0.0009 0.0010 0.0011 0.0010 
0.0011 0.0009 0.0009 0.0011 0.0011 


0.0011 0.0009 0.0010 0.0011 0.0010 


t One-eighth-inch plate composition: 17.91 Cr, 9.43 Ni, 1.7 Mn, 0.49 Si, 0.08 C and 0.82 Co 


} One-half-inch plate composition: 17.84 Cr, 9.74 Ni, 0.16 Mn, 0.41 Si, 0.08 C and 0.85 Co. 
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Table 10—Materials Used by Hoyt and Scheil” 


Steel Number 


Weld Metal 
18-8 + Mo 
22-12 
25-12 + Cb 
18-8 + Mo + Cb 
18-8 + Cb 


Steel Plate Mn 


cold working and elastic stress are needed to produce 
stress-corrosion cracks in this alloy when it is in a sus- 
ceptible structural condition (intergranular carbide pre- 
cipitation). There was no indication that a critical 
elastic stress was required to produce stress cracking. 

In order to simulate actual service conditions the 
authors deposited arc weld beads from coated rods on a 
series of 3-in. long specimens of different stainless alloys 
(Table 10) and subjected them to similar stress-corrosion 
tests (stress approximately 30,000 psi.) in a paper pulp 
pilot plant, under actual sulphite liquor digesting con- 
ditions. The complete heat treatment of the specimens 
was as follows: 


Arc welded*—deformed hott—"'/, hr. at 2100° F., 
air cooled. 

Arc welded—-deformed hot—2 hr. at 1600° F., 
air cooled. 

Arc welded—deformed hot—2 hr. at 1600° F., 
air cooled + 4 hr. at 1200° F.—furnace cooled. 

Arce welded—-deformed hot—'/, hr. at 2100° F., 
air cool + 2 hr. at 1600° F., air cool + 4 hr. at 
1200° F., air cooled. 

Arce welded—deformed hot—4 hr. at 1200° F.— 
furnace cooled. 

Are welded-—deformed hot—4 hr. at 1000° F.— 
furnace cooled. 

Arc welded—deformed coldt, no further treat- 
ments. 

As-received plate. Heated 4 hr. at 1200° F.— 
furnace cooled—then arc welded and deformed 
cold. 

As-received plate. Heated 2 hr. at 1600° F.— 
air cooled + 4 hr. at 1200° F.—furnace cooled 
then arc welded and deformed cold. 

10. As-received plate. Heated 2 hr. at 1600° F.— 
air cooled—then arc welded and cold deformed. 


* Term refers to a single-pass deposit. 
thickness of stock. 
t Term refers to deformation into horseshoe shape. 


Penetration about two-thirds the 


Table 11—Stress-Corrosion Tests of Welded Stainless 
Steels. Hoyt and Scheil™ 


Treat- 
Steel No. 1 
Failed in stock after 105 hr. 
Failed in stock after 49 hr. 
Failed at edge of weld after 
15 hr. 
Failed in stock after 128 hr. 
Failed in stock after 15 hr. 
Failed in stock after 15 hr. 
Failed in stock after 174 hr. 


Steel No, 2 


Failed at edge of weld af 
ter 49 hr. 


Failed in stock after 15 hr. 
Failed in stock after 82 hr. 


CORROSION RESISTANCE OF WELDED JOINTS 


0.35 
0.28 
0.62 
0.41 


—_————-Plate Composition, % 


Ni 
10.7 
9.0 
13.6 
8.6 
9.0 


0.90 
1.06 
0.82 
—— Weld Composition, — 
Si Cc Cb 


deposit 
deposit 
rod 
rod 


Some of the results of these service tests on steels Nos. 
1 and 2 are given in Table 11. Steel No. 3 was brittle in 
hot and cold bending and some specimens cracked in 
preparation; none, however, showed stress cracking 
after 650 hr. Steel No. 4 showed a tendency to crack 
next to the weld during deformation at moderate tem- 
peratures (1200—1600° F.), but showed no stress cracking 
after 650 hr. Steel No. 5 showed no failure after the 
same period. No specimen of any of these steels showed 
a tendency toward stress corrosion after treatment 8, 
i.e., “‘as-welded not subsequently heat-treated’’ condi- 
tion. It should be pointed out, however, as was em- 
phasized in the discussion of that paper, that this ap- 
plies to stress-corrosion tests of single-pass welded speci- 
mens under these particular conditions only, and should 
not be construed as meaning that stainless steel welds 
may generally be used without heat treatment if no 
stabilizing elements are present. 

An examination of the results reveals that only heat 
treatment 5 resulted in failure at the edge of the weld of 
non-stabilized steels, all others failing in the stock. This 
specimen was certainly susceptible to intergranular at- 
tack in view of its annealing heat treatment, but it 
showed no evidence of such attack except at the point of 
failure. The authors believe (private communication), 
however, that on longer exposure the specimen would 
have developed intergranular attack, but only after 
first failing by stress-corrosion cracking. The signifi- 
cance of that from the standpoint of welding, however, is 
that it failed at one location first (edge of weld), with 
no indication of any intergranular attack at any other 
location. That stabilizing elements reduce the stress- 
corrosion tendency is obvious from the results. 

A direct evaluation of the effect of residual stresses in- 
duced by welding on the stress-corrosion behavior of 
stainless steels, both stabilized and non-stabilized, was 
made by Hodge and Miller." The authors report the 
failure through transcrystalline cracking of an 18-8 
welded stainless steel thermowell (used in sulphite pro- 
cess for paper manufacture) that was exposed to ethyl 
chloride gas on the inside and sulphite solution on the 
outside. The cracks invariably began at the inside, 
and the outside surface in contact with the corrosive 
sulphite liquor was in good condition. Water quench- 
ing of the entire assembly after welding did not eliminate 
the cracking. A series of experiments on the corroding 
medium established the fact that not ethyl chloride gas 
but some decomposition product (possibly HCl or 
nascent Cl:), produced by the presence of small quan- 
tities of water, was the active agent. 

To study the cause of this type of cracking the authors 
subjected three experimental thermowells after various 
treatments (Table 12) to the action of ethyl chloride 
containing 0.5% water for 2 wk. On the basis of the 
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Table 12—Effect of Welding and Quenching Stresses on 


and Miller*' 
Thermo- Corroding Medium: Ethyl Chloride + 0.5% H:O 
well Treatment Results 

A As welded. Regions adjoining Extremely fine cracks 
weld susceptible to inter- in the weld. Trans- 
granular corrosion crystalline 

B Water quenched from 2000° F. Bad transcrystalline 
after welding cracks 

G Annealed 72 hr. at 1550° F. + Unaffected 
slow furnace cooling after 
welding 


results, the authors attribute the corrosion cracking to 
the presence of residual stresses induced either by weld- 
ing or rapid water quenching. Thermowell C, being in 
a stress-free condition, was unaffected. It will be noted 
that the mere absence of intergranular corrosion-sus- 
ceptibility did not prevent corrosion cracking (Case B). 

To further substantiate these results, the authors 
prepared a series of bottles by arc welding 18-8 cupped 
ends on 18-8 tubing (16 in. long, 2'/: in. O.D., */16-in. 
wall thickness) and subjected them to the action of the 
same corrosive medium. Some of the specimens con- 
sisted of flash-welded 18-8 and carbon steel tubing. 
Their heat treatment prior to corrosion testing and the 
results obtained are given in Table 13. It is evident 
from these results that internal stress is the chief factor 
responsible for stress corrosion of 18-8 steels, whether 
susceptible to intererystalline corrosion or not. Fur- 
thermore, additions of Cb do not remove the suscepti- 
bility to this type of cracking if stresses are present. 
The internal stresses may be introduced either by weld- 
ing, rapid cooling or by joining 18-8 to ferritic steels 
(due to different thermal coefficients of expansion of the 
materials). While the first two causes may be compen- 
sated for by proper heat treatment, the last cannot be 
removed even by very slow furnace cooling. 

A further series of experiments, using different cor- 
rosive media and artificial tensile stresses of varying 
magnitudes, proved that only relatively few reagents are 
capable of producing cracking in stressed 18-8. Among 
the most effective ones were ethyl chloride and water, 
ferric chloride and mercuric chloride. Of all reagents 
tested, only ethyl chloride and water resulted in trans- 


Material 


Heat Treatment 


crystalline cracking; all others resulted in the inter- 
crystalline type. Tendency to stress-corrosion cracking 
increased with increasing stress. 

Another case of failure by transcrystalline cracking of 
a welded liner (18-8, 0.1% carbon) used in the distilla- 
tion of lubricating oil is reported by Wilten.” The 
welded assembly was not heat treated and the cracks 
originated at the junction of the weld. The author at- 
tributes the failure to locked-up internal stresses intro- 
duced by welding. 


Mild Plain Carbon Steels 


Goodger® reports the failure by severe intergranular 
cracking of an open-top tank made by corner welding 
1/,-in. plates. The tank was used to carry hot caustic 
soda solution. The cracks were confined to either side of 
the corner weld and concentrated in areas where the 
original mill scale of the plate was absent. Chaudron” 
cites a case of a welded container that developed inter- 
granular corrosion and cracks at 2 cm. away from the 
weld and running parallel to it. Both authors attribute 
the failures to retained welding stresses and emphasize 
thereby the importance of stress annealing welded con- 
tainers that are to be exposed to corrosive media in 
service. 


Corrosion Resistance of Welds in Aluminum 


Effect of Impurities 


High-purity Al (99.99%+) has been known to possess 
far greater corrosion resistance than the commercial 
grade (99.5%), especially when exposed to the action of 
HCl. This is true in both the rolled and cast condition, 
but the difference is more pronounced in the latter case. 
Thus, Helling and Neunzig® found high-purity Al in the 
cast condition 3'/, times more resistant to HeSO, (6% 
at 70° C.) attack than the commercial grade (34 vs. 117 
gm./m.?/hr.). The corrosive attack of acids in com- 
mercial aluminum is intergranular, and is attributed to 
the segregation of impurities along the grain boundaries, 
causing either a preferential solution attack or action of 
an electrochemical nature. Considering the fact that 
weld metal is essentially a cast structure, and therefore 
liable to grain-boundary segregation of impurities, this 
impressive effect of small percentages of impurities, even 


Miller*®! 


Results 


A 18-8 Tube torch heated (before welding) on one side; Transcrystalline cracks in weld and heat-al- 
other side kept cool by immersion in water. fected zone. Intercrystalline cracks in rest of 
Tested ‘‘as welded”’ tube 

B 18-8 Tube heated 2 hr. at 1350° F. before welding; Transcrystalline cracking through weld and 
then tested in ‘‘as-welded”’ condition heat-affected zone only 

Cc 18-8 Welded and heated 1 hr. at 1350° F.—furnace No cracking of any kind* 
cooled 

dD 18-8 + carbon steel Welded, ¢ heated 1 hr. at 1350° F.—furnace cooled Transcrystalline cracks at and adjoining arc and 
to 600° F.—air cooled flash welds. Carbon steel unaffected 

E 18-8 + carbon steel Welded, heated 1 hr. at 1650° F.—furnace cooled Several fine inter- and transcrystalline cracks in 
to 600° F.—air cooled 18-8 adjoining flash weld 

F 18-8 + carbon steel Welded, heated 1 hr. at 1650° F.—furnace cooled | Few fine cracks just outside flash weld junction 


to room temperature 


G 18-8 Cb and carbon steel Tubing stabilized 4 hr. at 1600° F., flash welded Rapid failure by transcrystalline cracking at and 


to carbon steel; tested ‘‘as-welded”’ 


adjoining arc and flash welds 


H 18-8 Cb and carbon steel Same as above except welded assembly heated 1 Transcrystalline cracking at and adjoining arc 
hr. at 1350° F.—furnace cooled to 600° F.—air and flash welds 


cooled 
I 18-8 Cb 


* Tested for 1560 hr. 


Tube heated on one side before welding; cups Transcrystalline cracks at arc welds and at 
welded on; no further treatment 


places where torch heated 


+ Joint between carbon steel and 18-8 flash welded; cupped ends are welded. 


¢ Cupped ends were also 18-8 Cb bearing steels 
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of the order of tenths of a per cent, becomes of paramount 
significance in the corrosion behavior of aluminum welds. 
To illustrate that, Helling and Neunzig® subjected welds 
(no details) made in both high-purity and commercial 
grade hardened Al sheets (4 mm. thickness) to the action 
of 6% H2SO, and 40% HNO; at 70° C. Both welds 
were cold peened but not reheated. After 10 days the 
commercial Al weld was completely destroyed at the 
fusion zone by the HNO;; the high-purity Al weld 
was only slightly affected. The difference is even more 
pronounced in the H,SO, test (Fig. 5). This difference 
in chemical behavior of the two grades of Al assumes 
special significance in the case of structural Al welds 
that cannot be heat treated subsequent to welding, and 
are to be exposed in service to the action of acids. Under 
these conditions the authors suggest using high-purity 
Al as base metal only. 

Schiek and Helling,“ investigating the individual 
effects of alloying elements, immersed gas flange welds, 
made in l-mm. sheets of high-purity Al and containing 


40% Nitric Acid at 70° C. 


Al 99.5 Al 99.995 
6% Sulphuric Acid at 70° C. 


Al 99.5 
Fig. 5—Effect of apeaiee on Corrosion Resistance of Alumi- 


Al 99.995 


num 


elds. Helling and Neunzig™ 


various percentages of the alloying element under in- 
vestigation, in hot 6% H2SO, (60° C.) and 40% HNO; 
for 72 days. After that period the welds were left for 
an additional 7 days in the cold acid solutions. The 
high-purity Al sheets contained, in addition to the alloy- 
ing element, 0.001-0.003% Si, 0.001-0.003% Fe and 
traces of Cu. Both H2SO, and HNO; produced about 
the same results. To investigate the effect of cold ham- 
mering, half of each weld was hammered flat. Their 
results may be summarized as follows: 

Effect of Si.—Up to 0.37% Si, the weld showed no 
preferential attack. At 1.04% a needle-like attack be- 
gan at the juncture between weld and base metal, in- 
—e rather rapidly with the increase of Si content to 

Effect of Fe.—Up to 0.28% there was no preferential 
attack on the weld. At an Fe content of about 0.55% 
the transition zone (weld-base metal boundary) showed 
a rather deep groove-like attack along a narrow zone. 
In the peened weld the fusion zone was completely dis- 
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Fig. 7—-Effect of Increasing Copper Content on the Corrosion 
of Aluminum Welds. Schick and Helling™ 


solved. On slight bending the specimen broke at the 
corroded zone. With an Fe content of 1.7%, the weld 
metal of both the peened and unpeened sample was 
strongly attacked; the fusion zone was completely dis- 
solved (Fig. 6). 

Effect of Cu.—Cu contents from 0.0001 to 0.1% had 
practically no effect. The welds were as fully corrosion 
resistant as the base metal (Fig. 7). » 

Effect of Magnesium.—Up to 3% Mg the welds were 
fully corrosion resistant. Slight corrosion was to be 
noticed only at welding defects (no details). At a con- 
tent of 5% Mg, however, the fusion zone showed inter- 
granular attack and some deep pitting. In contrast to 
this, it is worthy to note that welds in commercial grade 
Al containing only 0.63% Mg, made under identical 
conditions and subjected to the same corrosive treat- 
ment, showed deep preferential attack at the fusion zone 
and some attack also on the weld metal itself. In com- 
mercial Al welds containing 1.85% Mg the weld metal 
was dissolved completely at many places, and the base 
metal sheet was also strongly attacked. This fact 
clearly demonstrates the value of using high-purity Al 


0.28 0.55 1.7 


Welds. Schiek and Helling™ 
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f Fig. 6—Effect of Increasing Iron Content on the Corrosion of Aluminum 
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in the manufacture of Al-Mg alloys for service in acid 
conditions, especially when they are to be welded with- 
out subsequent heat treatment (Fig. 8). 

Effect of Ti-—0.12% Ti had no effect on the corrosion 
resistance of welds in high-purity Al, but caused a com- 
plete disintegration in the welds of Al of commercial 
grade in the above acid solutions. Whether this result 
was due to Ti or to the other impurities usually present in 
commercial aluminum is not stated. 

West *” has made an extensive study of the comparative 
corrosion resistance of commercial grade (99.5%) and 
high-purity Al (99.99%) gas-welded butt joints, and of 
the effect of Si in the welding rod. The welds were made 
in hard-rolled sheets ('/39, '/, and */,4 in. thick), using 
both filler rod of the same material as the base metal and 
rod containing 4% Si. The '/, and */,-in. welds were 
milled level with the plates; the '/;2-in. welds were not 
machined. Some specimens were cold hammered to 
study the effect of this variable on the corrosion proper- 
ties, and immersed in HNO, of three concentrations 
(10%, 50%, 100%) for 186 days; others were suspended 
on a wooden frame by a hole drilled at one end approxi- 
mately 6 in. from the weld and were sprayed daily with 
sea water for 6 mo. Their results are summarized in 
Tables 14 and 15. Four different types of attack were 
evident: (1) pitting, (2) intergranular, (3) complete ex- 
traction of isolated crystals and (4) etching. Ina general 
discussion of the results, the author concludes that super- 
purity Al welded with super-purity rods showed the 
best corrosion resistance in both media. Commercial 
purity metal welded with commercial purity rods was 
less resistant, and all welds made with the 4% Si alloy 
rods were severely attacked. (Note: In the opinion 
of the reviewers this conclusion seems unjustified with 


0.73 0.80 1.03 


0.63 0.84 1.06 
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Fig. 8—Effect of Increasing Mg Content on the Corrosion of Aluminum Welds. Schiek and Helling” 


reference to salt spray tests as shown in Table 15.) 
Less difference was apparent between super purity and 
commercial purity specimens after exposure to sea water 
spray than after immersion in HNO;. The 100% acid 
caused less attack than the 50%, and that in turn less 
than the 10%. 

In the HNO; tests, two types of pits were present: 
some were 0.04-0.05 mm. in diameter, present mostly 
near the water line, others were approximately 0.01 mm. 
in diameter and concentrated mostly in the recrystal- 
lized zone. The latter type was predominant. Pits 
within the weld metal were larger and deeper than those 
found elsewhere. Intercrystalline corrosion occurred 
chiefly in the zone adjoining the weld and not further 
than | in. away from it, except when Si alloy rod was 
used. It was associated with the complete removal of 
individual crystals in the HNO; tests, and was con- 
siderably more pronounced in the commercial purity 
metal than in that of super purity, except when the 
latter had been welded with Si alloy rod. The author 
attributes this to the preferential attack along the grain 
boundaries, at which iron-silicon constituents are segre- 
gated. Cold working was found to be detrimental as 
far as corrosion resistance is concerned. Microscopic 
evidence showed that the intercrystalline films were not 
completely broken up by the cold working and the 
stresses induced by the hammering were probably re 
sponsible for the increased corrosion. 

In the salt water test, attack was generally less severe 
than in HNO, and pits, when present, were deeper and 
were found up to 4 in. from the weld. 

A comparison of the tensile strength and elongation 
properties of the specimens before and after corrosion 
in both HNO; and salt spray (Table 16) showed that the 
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Table 14—Nitric Acid Tests of Alurninum Gas Welds. West" 


Thick- Acid Type and Degree of 
Reference ness, Strength, Attack 
No. In. % Lz. Etch C.E. Pits General Observations 
Super Purity Aluminum Welded with Super Purity Rod 
25.3C I/, 10 x fy x x Weld weakened but not broken 
25.3CH /, 10 x Baa x x Severe corrosion at weld 
50.3C1 10 = Weld corroded 
20.2C1 3/, 10 <6 A.W. * x Severe corrosion at weld 
21.4C 1/39 50 is % oF x Severe attack, weld failed after 54 days 
21.1CH 1/39 50 x Weld almost corroded away 
49.2B1 1/, 50 S$ x Large pits, long and deep at edges 
50.2B2 1/, 50 8 Large pits, long and deep at edges 
20.2C2 #/, 50 — x Large pits, long and deep at edges 
49. 2B2 1/, 100 x x Pits in weld 
50.2C /, 100 = x Large pits, generally distributed 
§2.2C2 1/, 100 x x Long deep pits on edges; smaller elsewhere 
19.1C 5/4 100 x x x Very deep pits in weld metal 
19.4CH 3/, 100 x x » 2 Pits, specially in weld metal 
Super Purity Aluminum Welded with 4% Silicon Alloy Rod 

14B.1C2 1/, 10 x x x x Weld severely corroded, failed after 68 days 
60.1C1 /, 10 x x x x Weld almost corroded away, failed after 120 days 
60.1C1 1/4 50 or xX a x Severe pitting, weld almost corroded away 
14B.1Cl 100 x xX Some pitting 
60.2C 100 x x Some pitting 

Commercial Purity Aluminum Welded with Commercial Purity Rod 
10.2C1 1/, 10 ye A.W. = x. Serious general attack 
29.2C1 /, 10 see A.W. x x General attack 
23.4C 1/39 50 ce A.W. x x Weld failed after 54 days 
23.1CH 1/39 50 site A.W. x x Weld failed after 48 days 
38.2C I/, 50 “pee A.W. x x Weld severely attacked 
10.2C2 1/, 100 bas x x x Some attack in welded area 
29.3 1/, 100 ali x x x Slight attack in welded area 
29.3CH V/, 100 x Weld attacked fairly severely 

Commercial Purity Aluminum Welded with 4% Silicon Alloy Rod 

35.3B1C2 1/, 10 ine A.W. x x Weld severely corroded 
58.2B1 1/, 10 fs A.W. x x Weld severely corroded 
35.3C1 1/, 50 ml ».4 >.< x Weld severely attacked and failed after 82 days 
58.2B2 50 A.W. xX x Weld attacked 
35.3B1C1 100 x x x Weld attacked 
36.2C1 100 x x Weld attacked 


The following abbreviations are used in the above table: I.C.—Intercrystalline Corrosion; C.E.—Crystals Extracted; A.W.—Above 
the Water line only; S—Slight; X— indicates the occurrence of the particular type of attack; H in the reference number indicates that 


the weld has been hammered. 


general tendency is a slight reduction in ductility with- 
out appreciable change in ultimate tensile strength. 
Buchholz® subjected gas and arc butt welds in plates 
of commercial Al (99.5%) up to 25 mm. thick to the 
action of an agitated solution of 3% NaCl + 0.1% 
H,02. All plates over 12 mm. were gas welded by the 
double-sided method. All arc welds were made on V 
joints. After 63 days, gas welds made with rods con- 
taining 5% Si were completely disintegrated, while those 
made with rods of the same composition as the base metal 
showed the same corrosion resistance as the parent plate. 
Welds made with rods containing 0.2% Ti were less 
resistant but not bad. Using pure Al rods, the author 
finds no difference between the arc and gas welds as 
far as corrosion resistance is concerned, although the 
latter showed slightly greater freedom from slag in- 
clusions. The results with reference to the effect of Si 
are in good general agreement with those found by 
other investigators, and the author’s conclusion that Si, 
even though it adds to the fluidity during welding, is 
detrimental to the corrosion resistance of Al wejds and 
should be avoided, seems justified, although Mears 
(private communication) states that in many cases the 
use of weld wire containing 5% Si gives welds which are 
amply resistant to corrosion in the environments to 
which the welded articles are to be exposed. 
Zimmerman,** without experimental evidence, at- 
tributes the injurious effects of impurities, especially Si, 
to the electrochemical action occasioned by their segrega- 


tion during slow cooling following the welding operation. 
Thus, Si in commercial Al (99.5%) is in solid solution at 
high temperatures, but separates out at 250-300° C. on 
slow cooling. Commercial Al welds (no details) cooled 
fast through 300° C. are, therefore, more corrosion re- 
sistant than slowly cooled welds. The difference may 
in some cases be as high as 40% depending on the cor- 
roding medium. For the same reason he advocates the 
use of high-purity Al electrodes, with one exception: 
small additions of Ti result in a fine-grained structure 
and do not decrease the corrosion resistance. In the 
absence of quantitative data, however, and in view of 
results obtained by other investigators,” this statement 
should be considered with reservations. In view of these 
findings, the author recommends heat treatment of all 
commercial Al welds to prevent preferential corrosive 
attack. 


Commercial Grade Aluminum (99.5% 


Hunsicker' carried out potential and weight-loss 
measurements on acetylene and hydrogen butt-welded 
commercial Al (99.5% Al, rest Fe, Si, Cu and Zn) speci- 
mens, investigating both the weld and the neighboring 
zone. The welds were made in plates 10 mm. thick, 
using a Griesogen-Aluminum (German commercial trade 
name) rod as filler, and specimens cut from it for in- 
vestigation as illustrated in Fig. 9. Each specimen was 
10 x 10 x 80 mm. The type of welds made and their 
subsequent treatment are reproduced in Table 17. 
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Type and Degree of Attack 
EA. Etch C.E. Pits 
Super Purity Aluminum Welded with Super Purity Rod 


General Observations 


1.1C] 1/49 hae “fe .. 0.3 mm. deep, extending 2 in. from weld Slight preferential attack at small areas 
1.1C2 W.M. None No serious attack 
2.1C W.M None No serious attack 
22.4C 1/39 ~ me Very small pits around weld Weld slightly attacked 
22.1CH 1/3 ; : Shallow pits in weld Weld severely corroded 
3.3C a, rt? ; None Slight attack in small areas 
4.1Cl Very slight general pitting Some attack in small areas 
50.3C2 1/4 W.M ae . 0.26 mm. deep extending 4 in. from weld Preferential attack at small areas more than 
4 in. from weld 
52.2C1 1/4 S$ 0.1 mm. deep extending 4 in. from weld Small areas preferentially attacked 
54.2C V/, x 0.2 mm. deep extending 4 in. from weld Small areas preferentially attacked 
Super Purity Aluminum Welded with 4% Silicon Alloy Rod 
13.2C None Very slight attack 
60.3C s* None Very slight attack 


Commercial Purity Aluminum Welded with Commercial Purity Rod 


7.4C 1/39 nee a Slight, extending 2 in. from weld Small areas severely attacked 

8.1C 1/s9 0.12 mm. deep extending 0.5 in. from weld General attack not serious, apart from pitting 
24.3C "/s9 Slight, extending 2 in. from weld Slight attack 
24.4CH '/s 0.03 mm. deep in weld: 0.15mm. deep 1.5 Weld severely corroded 

in. from weld. 
30.3C Very slight general Very slight 
38.3C Ss Ss Slight general Small areas severely attacked 
Commercial Purity Aluminum Welded with 4% Silicon Alloy Rod 

35.2C I/, Slight general Very slight general attack 
30.2C1 I/, 0.08 mm. deep extending 3 in. from weld Some slight attack 


The following abbreviations are used in the above table: I.C.—Intercrystalline Corrosion; C.E.—Crystals Extracted; S—Slight; 
W.M.—in Weld Metal; H in the reference number indicates that the weld has been hammered. 


* In this specimen the intercrystalline corrosion extended 4 in. from the weld. 


For the potential measurements an electrolyte of 1% 
NaCl (0.171 gm.-equivalent NaCl and 0.02 of 
per liter of solution) at 18° C. and a quinhydrone stand- 
ard electrode were used. Measurements were made at 
different intervals, extending for a total of 72 hr. when 
changes in the emf. were no longer noticeable. Cor- 
rosion measurements by loss of weight were made after 
8 hr. immersion in a constantly stirred 1N HCl solution 
kept at 20° C. The final potentials of all specimens 
taken from the same plate, including the weld metal, as 
well as their loss in weight, were about the same, re- 
gardless of their respective distances from the joint. 
This, according to the author, seems to indicate that the 
metallographic constitutional gradation resulting from 
the uneven heating during welding does not affect the 
corrosion resistance of the welded structure. Acetylene 
welds were somewhat more noble than hydrogen welds. 
Hot-hammered and washed weld metal had slightly 
lower potentials, and the beneficial effect of removing 


the flux was particularly evident in the acid immersion 
test. The acetylene weld metal that had been hot 
hammered and cleaned exhibited the highest corrosion 
resistance. 

Brenner® finds no effect on the tensile strength of gas- 
welded butt joints made in hardened Al sheets (99.8% 
pure and 1.5 mm. thick) after a 2-yr. immersion in an 
agitated solution of 3% NaCl + 0.1% HO. (German 
Specification DIN E-4853). The welds were left ‘‘as- 
welded” prior to testing. The quantitative measure- 
ments obtained are reproduced in Table 19. Cold peen- 
ing had no effect on the results. 


Effect of Welding Method 


Haarich and R6éntgen™ investigated the effect of weld- 
ing method on the corrosion resistance of commercial 
Al (99.35%). The welding was done in 10-mm. (hot- 
rolled) and 4-mm. (cold-rolled) thick sheets, using 5- 
and 8-mm. diameter welding rods and 4-mm. diameter 


Description of Welds 


(“‘Hard” Basis Material) Ultimate (186 Days) Spray Test 
Thick- Tensile % Elonga- Acid % Elonga- % Elonga- 
ness, Strength, tion on Strength, Ultimate tion on Ultimate tion on 
Base Metal Rod Used In. Psi 2 In. 5% T.S., Psi. 2 In. TS., Psi. 2 In. 
Super purity Al Super purity Al 1/39 6,950 13 aa asin él 6,500 16 
Super purity Al Super purity Al 4 6,500 33 10 6,720 30 6,720 38 
50 6,280 26 bas ba 
100 6,500 37 eure 
Super purity Al 4% Si alloy 6,500 29 6,950 26 
Super purity Al Super purity Al 3/, 6,720 60 50 6,720 438 cad e% 
100 7,100 56 vad 
Commercial pur- Commercial purity 12,740 18 10,320 15 
ity Al Al 
Commercial pur- Commercial purity V/s, 11,640 27 50 12,080 27 11.640 29 
ity Al Al 100* 8,260 12 ar a 
bar ye pur- 4% Si Alloy Vf, 11,860 30 100 11,860 26 
ity A 


* The single specimen which gave this result was not a good weld. 


Table 16—Effect of HNO, and Salt Spray on the Tensile Properties of Al Gas Welds. West” 
Uncorroded Welds 


After Nitric Acid Immersion After Sea Water 
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Table 17—Corrosion Tests of Commercial Aluminum Gas 
Welds. Hunsicker' 


men Type of Weld and E.m.f., Loss, 
No.* Treatment Mv. Gm./M.?/Hr. 
0-5 Oxyhydrogen, as welded and not 975 52 
washed 
6  Oxyhydrogen, hammered and not 1000 52 
washed 
7 Oxyacetylene, as welded and not 925 47 
washed 
8 Oxyacetylene, hammered and not 950 49 
washed 
9  Oxyhydrogen, as welded and 925 11 
washed 
10 Oxyhydrogen, hammered and 920 10.5 
washed 
11 Oxyacetylene, as welded and 890 11.5 
washed 
12 Oxyacetylene, hammered and 880, 8.1 
washed 


* Samples 0, and 6-12 were weld metal cut out from plates. 


metal-are electrodes. The sheets were butt welded by 
the oxyacetylene, oxyhydrogen, atomic hydrogen (direct 
and 3-phase current) and Arcogen (combined gas and 
electric welding) processes. The gas welds in the 10- 
mm. sheets were made on X joints, both sides being 
welded simultaneously. Specimens cut perpendicular 
to the welds were immersed in 10% H:SO, and 10% 
acetic acid solutions. As a measure of corrosion, hard- 
ness, elongation, tensile strength and weight-loss de- 
terminations were made after 15 and 30 days’ immersion. 

Atomic-hydrogen and Arcogen-welded specimens 
showed a greater weight loss and tensile strength reduc- 
tion than gas-welded ones. Of the two gas-welded proc- 
esses used, the oxyhydrogen specimens exhibited the 
greater corrosion resistance. The weld metal of all 
specimens was preferentially attacked by the H2SO,; 
no preferential attack was observed in the transition 
zones. The loss of weight of welded specimens in acetic 
acid was smaller than that of non-welded material. 
Cold working decreased the corrosion resistance and was 
especially effective on the Arcogen and atomic-hydrogen 
welded specimens. Heat treatment (30 min. at 400° C. 
and water quench) after cold work restored the corrosion 
resistance of the “‘as-welded” condition, particularly in 
the electrically welded specimens. Milling away of the 
excess thickness of the bead lowered its corrosion resist- 
ance (reported only for oxyhydrogen welds). 

An interesting test was one in which the welded sheets 
were cut up into thin strips in a direction parallel to the 
seam which itself formed one of these strips, and their 
corrosion resistance then tested by immersion in an 
activated NaCl solution (3% NaCl + 0.1% H,0,). 
Corrosion resistance was found to rise rapidly from a very 
low value in the middle of the seam to a maximum at a 
distance of 15-20 mm. from it, after which it again fell off 
slightly, gradually reaching a constant value at 60-80 
mm. from the seam. This behavior was common to all 
specimens, regardless of method of welding. Cold 
hammering followed by heat treatment (water quench 
from 400° C.), however, eliminated the second gradual 
fall of the corrosion resistance. As has already been 
stated above, Hunsicker! found the corrosion resistance 
of oxyhydrogen welds inferior to that of oxyacetylene 
welds. Also, Hunsicker found no gradation of corrodi- 
bility on the surface of welded Al plates. Buchholz® 
could find no difference between gas and arc welds as 
regards corrosion resistance. The cause for these obvi- 
ous disagreements between the results of Haarich and 
Réntgen and those of the other investigators is not 
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readily apparent, although they may well be attributed 
to the fact that the tests were made in different solutions. 

Gabler® claims superior corrosion-resistance proper- 
ties of welds made by the Weibel method, which is es- 
sentially a resistance process that requires no pressure 
and no rod addition. It is particularly applicable to 
thin sheets (0.8 mm.). Welds prepared by this process 
showed no appreciable rusting after exposure to a salt 
spray for 8 mo. The author attributes the superiority 
of this method to the greater localization of the heat ap- 
plied and the lower temperatures used, thus reducing the 
chances of constitutional changes to take place; how- 
ever, no direct comparison tests with other methods were 
made. 


Spot Welds 


Asserting that the high-current densities used in the 
spot welding of Al result in major structural changes that 
decrease the corrosion resistance of the area around the 
weld, Lo Bue® suggests a method whereby ordinary low- 
current spot-welding machines, such as are used for steel, 
may also be usedin Al. The method consists in oxidizing 
the sheets with a solution of oxalic acid to produce a 
film 1 micron or less. The film increases the electrical 
resistance between the surfaces, permitting the use of 
lower currents. With the applied current density re- 
duced, the structural changes are lessened and the cor- 
rosion resistance of the plate is retained. Corrosion tests 
(no details) on spot-welded Al confirmed these expecta- 
tions by exhibiting no preferential attack. 


Anodization 


Measurements made by Auchter*on gas-welded Al 
sheets have shown that the thickness of the anodic oxide 
film on the weld and the fusion zone is the same as on the 
base metal. As for chemical protection, therefore, the 
oxide on the weld is as good as that on the rest of the 
plate. To anodize a welded zone, however, without im- 
pairing the colorless, transparent appearance of the film, 
care must be taken to avoid impurities, phase segrega- 
tions, coring, etc. 


General Observations 


Matting and Klein® express the opinion that when the 
rod material is of the same composition as the base metal, 
there should be no fear of introducing noticeable cor- 
rosion conditions through the welding operation. Keel® 
attributes the major portion of corrosion troubles en- 
countered in Al welds to the action of remnants of 
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Fig. 9—Distribution of Specimens with Reference to Weld in 
Plate. Hunsicker' 
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flux in the welds, e.g., chlorides and fluorides. Due to 
the slight differences in the densities between Al and 
the flux, the latter tends to remain incorporated in the 
weld. Flux, therefore, should be used sparingly; only 
enough to prevent access of air. Portevin and Leroy* 
stress the same point. Other investigators suggest 
avoiding hygroscopic fluxes when thorough cleaning is 
impossible. 


Corrosion Behavior in Service 


An interesting case of failure of a welded commercial 
Al tank (14 x 5 x '/2 ft.) is reported by Bosshard.” The 
tank was made of 0.08-in. commercial Al sheet (0.30 Fe, 
0.25 Si, 0.006 Cu, 0.005 Zn, trace of Ti and Mn), and was 
subjected in service to the following liquids: (a) (NH4)2S 
solution (< 1%), (b) aqueous H2SO, solution with less 
than 1% H2SOx,, (c) soapy water. The maximum tem- 
perature of the solutions was 60-80° C. After 2 yr. a 
large crack was noted, accompanied by numerous smaller 
cracks concentrating about grooves resulting from sharp 
scratches. The large crack was in the softened re- 
crystallized zone of the plate, running parallel to the 
weld and 1.6 in. away from it. The smaller cracks were 
concentrated at the water line. The plate was uni- 
formly corroded and the weld proper had a satisfactory 
fine-grained structure and was not corroded to any 
greater extent than the plate outside the heat-affected 
zone. The author attributes the failure to the simul- 
taneous action of corrosion and stress at the parts that 
have been softened by the welding heat. 

Frary® reports the excellent corrosion behavior of the 
largest Al tank in the U. S. (160,000 gal. capacity), as- 
sembled by torch welding 3 S “as-rolled’’ °/;.-in. plate. 
The tank is being used for acetic acid storage and was 
built in 1937. 


Corrosion Resistance of Welds in Aluminum Alloys 


Al-Mg-Si 


Mutchler and Galvin™ subjected butt, spot and seam 
welds made in plates of 53 S-T, extruded 53 S-T and 
52 S-'/e H (Table 18), joined to themselves and to each 
other, to the following corrosive conditions: (a) one 
year in tide water at Boush Creek, Hampton Roads, Va., 
the samples being completely immersed at high tide and 
out of water at low tide for about 5-hr. periods twice every 
24 hr., (6) weather conditions at the same locality. The 
water analysis showed a content of 12.2 parts per thou- 
sand of chloride, and 1.75 parts per thousand of sulphate; 
pH = 8.0. The salinity of the water was, therefore, 
comparable to that of ocean water. The gas welds in 
similar plates were made with filler rod of the base metal; 
those of dissimilar plates were made with 2 S rods. In 
both the weather and tide water exposures all welds 
proved very corrosion resistant. The welds of dissimilar 
plates were as good as those of similar ones. In general, 
seam welds were slightly less corrosion resistant than spot 
welds, and these in turn less corrosion resistant than gas 
welds, according to author. Both spot and seam welds 
were more corroded in the weather exposure than in the 
tide water tests. Of the three alloys, the seam welded 
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Corrosion Period In Weeks 
Fig. 10—Corrosion Tests of Gas-Welded Aluminum Alloys in 
3% NaCl + 0.1% H,O; Solution. von Rajakovics”! 
Specimens tested ‘‘as welded.” 


53 S-T panels proved the least corrosion resistant. 

Also Hoglund” reports the satisfactory behavior of 
53 S-T spot-welded panels as regards their corrosion 
resistance to saline conditions. No reduction in their 
shear strength could be found after 2 yrs.’ exposure near 
the water edge at Point Judith, R. I., in such proximity 
that some panels collected salt spray deposits. Similar 
specimens of 53 S, subjected to alternate and continuous 
immersion in Hudson River water, revealed no prefer- 
ential attack in or near the weld. 

von Rajakovics” could find no decrease in the break- 
ing strength of gas-welded butt joints in 1-mm. thick 
Duralumin-K sheet (0.3-2% Mg, 0.3-1.5 Si and 0-1.5 
Mn), after 24 wk. in an agitated 3% NaCl + 0.1% 
solution (Fig. 10). Brenner,“. after 24 mo. in the 
same solution, does find a reduction in the tensile strength 
(24,900 to 15,600 16/in.*), the magnitude of which is 
equivalent to that observed on non-welded specimens 
(47,500 to 36,500 16/in.2) (Table 19). These results 
would seem to indicate that the welding operation had 
no effect on the corrosion resistance of this alloy to the 
DVL solution. Visual examination, however, revealed 
strong local pitting at a distance of about 30-50 mm. 
from the weld, causing some specimens to break there 
instead of at the section of minimum hardness. Hard- 
ness measurements across the weld have shown that this 
area corresponds to the beginning of the transition zone 
between hard and annealed metal (Fig. 11). Metallo- 
graphic examination showed the corrosion to be partly 
intercrystalline. Similar corrosion tests by Brenner and 
Feldman” on non-welded Pantal alloys (0.84 Mn, 1.04 
Mg, 0.80 Si, 0.35 Fe) have shown that they possess good 
corrosion resistance in the soft annealed and in the low- 
temperature age-hardened state, but undergo inter- 
granular attack when age-hardened by reheating to 
about 175° C. The decrease in the corrosion resistance 
of these alloys in the latter case is believed to be as- 
sociated with the peculiar mode of precipitation of 
Mg2Si during age-hardening at high temperature, al- 
though no direct evidence had been obtained. In view 
of the position of the zone of the preferential pitting at- 
tack in the welded specimen Brenner ventures to suggest 


Designation of Thickness, 
Material Fabrication In. 
53 S-T Sheet 0.040 
53 S-T Extruded plate 0.125 
52 S-'/; H Sheet 0.040 


Table 18—Materials Used by Mutchler and Galvin®™ 


Chemical Composition, % 


Mg Si Cu Mn Cr Fe 
1.25 0.64 0.02 0.00 0.24 0.19 
1.24 0.74 0.02 0.00 0.23 0.16 
2.41 0.09 0.01 0.00 0.24 0.21 
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Fig. 11—Relation Between Hardness Distribution and Corrosion 
Pitting in Gas-Welded Al-Mg-Si Alloys. Brenner*® 


that the attack might be attributed to similar age- 
hardening phenomena, although he does not rule out the 
possibility that electrochemical action resulting from dif- 
ferences in the solution potentials of the hard and 
softened materials may also account for this phenomenon. 
After the proper heat treatment, this preferential attack 
disappeared and welded specimens were as strong as non- 
welded plate material after 24 mo. in the corrosion test 
(Table 19). 


Duralumin (Al-Cu-Mg) 


Gas Welds.—von Rajakovics” found the corrosion re- 
sistance of gas-welded butt joints in Al-Cu-Mg sheets, 
1 mm. thick (3.5-5.5 Cu, 0.2-2 Mg, 0.2-1.5 Si, 1-1.5 
Mn), very poor when tested by the DVL test for 24 
wk. He also reports (no details) the complete disinte- 
gration of a dural flange weld, made by the atomic- 
hydrogen method, after 6-9 wk. in the 3% NaCl + 
0.1% solution.” Brenner® reports the complete 
disintegration of a gas-welded butt joint in an Al-Cu-Mg 
plate (no details) after a few days’ immersion in the 
above solution. Non-welded specimens of the same 
stock retained 20% of their strength after 7 mo. in the 
same solution. Heat treatment, of the welded structure, 
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Fig. 12—Areas of Local Corrosion Pitting in Gas-Welded 
Al-Cu-Mg Alloys. Brenner*® 
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however, restored the original properties 
concludes that welding accentuates the bad corrosion 
properties of this class of Al alloys, unless the welds are 


The author 


heat treated. It is interesting to note that the attack 
in these alloys is not uniform over the entire surface, but 
is confined to definite zones, as shown in Fig. 12. Cor- 
rosion in this zone is intergranular and is believed to be 
caused by CuAl, precipitation. Microscopically, there- 
fore, the effect of welding on this alloy is very similar to 
that observed on the Al-Mg-Si alloys, except that the 
corrosive zone is wider and extends from region of 
minimum hardness far into the non-affected zone. 


THOO 
56900 ™ 

28400 
\ 
14200 
\ ~b-Unwelded 
= Welded 

°C 6 4 8 i2 \e 20 24 


Corrosion Period mn Weeks 


Fig. 13—Effect of Thickness of Plate on Tensile Strength of 
Corroded Al-Cu-Mg Gas Welds. von Rajakovics.* (DVL 
Corrosion Test) 


That the thickness of the plates is a variable and 
should be taken into consideration when tensile strength 
is used as a measure of the effect of welding on the cor- 
rosion resistance of Al-Cu-Mg alloys was shown by von 
Rajakovics.“ Oxyacetylene welds in 6-mm. plates re- 
tained their strength as fully as non-welded material 
of the same thickness after 24 wk. in the DVL test; 
welds in 1-mm. sheets, however, disintegrated completely 
after 8-9 wk., while non-welded sheets of the same thick- 
ness retained approximately 60% of their strength after 
24 wk. (Fig. 13). 

Spot Welds.—Spot-welded duralumin specimens of the 
type shown in Fig. 14 were subjected after cleaning in 
ether and alcohol to salt spray tests by Doussin.” The 
cross section of the welded sheets was selected so that 


Table 19—Effect of the DVL Solution on the Tensile Strength of Oxyacetylene Butt-Welded Aluminum Alloys. Brenner 


Condition Non-Welded 

Alloy Before Before After 
Designation Welding Corrosion Corrosion ft 
Aluminum, Hard 22,300 21,300 

99.8% 

Al-Mn Hard 32,400 31,300 
Al-Mg-Mn Hard 46,800 45,500 
Al-Mg 7 Soft 42,700 42,000 
Al-Mg-Si Age-hardened 47,500 36,300 
Al-Cu-Mg Age-hardened 63,600 12,800§ 
Albondur* Age-hardened 57,300 55,500 
Bonderplat ft Age-hardened 61,500 42,700** 


* Dural coated with 99.8% Al. 
+ Dural coated with Al-Mg-Si. 
Corrosion test period 24 mo. unless otherwise noted. 
After 200 days. 
Disintegrated in several days. 
Disintegrated in 200 days. 
** After 100 days. 
tt After 60 days. 


Equivalent to Alclad 17 S-T. 


Tensile Strength in Psi. 


““As-Welded”’ 


Welded and Heat-Treated 


Before After Before After 
Corrosion Corrosion Corrosion Corrosion 

12,700 12,650 

16,200 14,900 

33,800 32,700 

39,100 29,900 

24,900 15,600 44,100 37,700 

49,300 0} 64,000 12,800§ 

43,800 0 56,900 56,900 

46,200 Ott 61,200 48,400** 
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Table 20—Effect of S 


% Decrease in 
Tensile Strength, Psi.* Strength Due to 


Thick- Before After Corrosion 
ness, TSS. Corrosion, T.S. — T, 
Alloy In. Corrosion i; ~ a 
Al-Cu-Ni-Fe 0.039 55,500 43,800 20 
Al-Cu-Ni-Fe 0.059 61,200 49,800 18.5 
Al-Cu-Ni-Fe 0.079 59,700 47,400 20 
Al-Cu-Mg 0.016 62,600 44,100 29 
Al-Cu-Mg 0.039 58,300 45,500 22 
Al-Cu-Mg 0.059 61,200 50,500 17.5 
Al-Cu-Mg 0.079 62,600 48,800 20 
Al-7% Mg 0.039 49,800 39,200 21 
Al-7% Mg 0.059 39,800 32,000 19.5 
Al-7% Mg 0.079 51,200 41,000 24 
Al-Mn-Mg 0.039 24,900 23,200 6.8 
Al-Mn-Mg 0.059 29,200 26,300 10 
Al-Mn-Mg 0.079 29,200 26,000 10 


pot Welding on the Corrosion Resistance of Al Alloys to Salt Spray. Doussin”™ 


Welded — 
% Decrease in 
Average Strength of Average Strength 
Heat-Affected Zone, of Heat-Affected 
Psi. Zone Due to Breaking Load, Lb 
Corrosion Before After 


Corrosion Corrosion R’' — R’, Corrosion Corrosion 
(R’) (R’.) R’ (R) (R.) 
24,200 19,600 19 310-370 320-360 
26,400 24,300 8 385-690 570-650 
23,800 24,900 690-1060 530-770 

23,800 9,300 61-100 55-210 a 

23,800 19,800 17 175-310 140-225 
25,800 22,200 14 380-780 570-640 
26,600 18,900 29 530-780 580-690 
27,800 22,400 20 340-390 310-350 
34,700 20,000 42 670-730 630-680 
35,400 24,000 32 870-1020 700-850 
13,800 14,700 ata 105-220 100-120 
16,800 16,800 0 220-420 340-390 
15,500 15,500 0 300-490 370-440 


* Corrosion in salt spray for periods of time depending on thickness of sheet, as follows: 0.016 in.—15 days; 0.039 in.—30 days: 


0.059 in.—45 days; 0.079 in.—60 days. 


Alloys Si Cu Mn 
Al-Cu-Ni-Fe 0.22-0.24 3.72-3.80 0.13 
Al-Cu-Mg 0.28 3.84.0 0.12—-0.30 
Al-7% Mg 0.13-0.14 0 0.13-0.29 
Al-Mn-Mg 0.51-0.60 0 0.75-0.80 


Composition of Alloys 


Mg Fe Ni 

0 0.74-0.78 2.10 
0.75-0.88 trace Q The 0.79-in. sheets con- 
6.45-6.70 trace 0 tained only 0.34% Mg 
0.75-0.80 0.62-0.71 0 


the total load at fracture of the unwelded sheet equaled 
the total strength (R) of the spot welds. Softening 
around the weld during the welding operation, therefore, 
caused the fracture to occur in the heat-affected zone. 
The tensile strength of that zone was used as a measure 
of corrosion. A direct comparison of the tensile strength 
values of unwelded and welded specimens, both before 
and after corrosion, is given in Table 20. As can be 
readily seen, the per cent decrease in strength of welded 
specimens, 0.039 in. thick or over, due to corrosion com- 
pares favorably with that of non-welded material, viz.: 
17 vs. 22%, 14 vs. 17.5% and 29 vs. 20%. The 0.016-in. 
thick welded specimen, however, was far inferior to non- 
welded material (61-100% vs. 29%). These results are 


(a) Specimens for determining the total strength, R, of the spot 
whose apparent diameter is D. 


Sheet Width of Length of Distance Length 
Thickness, Specimen, In. Overlap, In. Between Engaged by 
In. A Cc Grips, In. Grip, In. 
Less than 0.06 #D?/4e 3.5D = 0.5D 15D 3A 
Over 0.06 (xD*/4e) + D3.5D + 0.5D 15D 3A 


(b) Specimens for determining the strength, R’, of the metal in 
the heat-affected zone around the spot weld. 

Width of specimen, A’ = R/Te; R = load at failure, kg.; e = 
thickness of each sheet, mm.; T = tensile strength of unwelded 
base metal, kg./mm.? 

Length of overlap, C’ = 3.5D + 0.5D. 

Length between grips = 0.6A”?. 

Length in each grip = 3A’. 

Doussin®! 


Fig. 14—Spot-Welded Specimens Used by Doussin’ 


interesting for three reasons: (qa) first, they are in con- 
flict with the commonly accepted view that spot welding 
decreases the already bad corrosion-resistance properties 
of duralumin in saline conditions, (b) second, they clearly 
demonstrate the significance of the proper interpretation 


Table 21—Effect of Salt Solution and Sea Water Spray on 
Static Shear Strengths of Spot-Welded 17 S-T and Alclad 
17S-T. Field and Sutton” 


Failing Load, Lb. 


Material and Gage After Exposure* Uncorroded 
17 S-T, 20G 254 487 
Alclad 17 S-T, 16 G 787 814 


* Six months’ exposure. 


and method of using tensile strength data as an index of 
corrosion of welded structures by separating the effects 
of welding from those of corrosion on the strength prop- 
erties, and by making a direct comparison with non- 
welded material and (c) third, they raise the question as 
to what extent the thickness of the sheet actually con- 
trols the effect of the welding operation on the corrosion 
properties. In connection with the last point mentioned, 
it might be worth while to point out that von Rajako- 
vics™ found similar effects in gas-welded butt joints of 
dural (see Fig. 13), although no direct comparison should 
be made in view of the different experimental technique. 

Also Field and Sutton” tested the corrosive effect of 
intermittent salt solution (3% NaCl) and sea water on 
the static shear strength of spot welds in 17 S-T and 
Alclad 17 S-T (16- and 20-gage sheets). The 17 S-T 
specimens developed preferential attack at or close to 
the electrode impressions after a short time, the corrosion 
product tending to force the sheets apart. The results 
of the shear tests after 6 mo., compared with the mean 
values for the corresponding joints before corrosion 
(Table 21) clearly show that unprotected spot-welded 
duralumin in the “‘as-welded’”’ condition is dangerously 
corrodible in sea water and salt solution. The author 
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Table 22—Corrosion Tests* of Oxyacetylene-Welded Al Alloys in Artificial Sea Water. 


Cournot and Baudrand” 


Loss in Weight, 


T.S., Psi. Mg./M.?*/Hr. 
As- Heat As- Heat 
Alloy Welded Filler Rod Welded Treated Welded Treated Observations 
Hr to Hr Pure Al 25,300 21,900 5.59 5.33 Weld preferentially attacked especially if not heat treated 
Hr to Hr Hr alloy 42,100 49,100 4.38 3.61 Preferential attack in weld if heat treated, but in heat- 
affected zone if not heat treated 
Alclad Hr to itself Pure Al 30,800 37,200 5.51 5.89 Preferential attack on weld 
Alclad Hr to itself Hr alloy 42,800 51,800 3.12 2.87 Uniform corrosion 
Al-Mg to itself Al-Mg 53,800 ad 6.28 ag Severe attack on weld 
Hr to Al-Mg Hr 34,900 56,500 5.76 4.78 Severe attack of Al-Mg next to weld 
Hr to Al-Mg Al-Mg 47,800 47,100 7.09 5.80 Severe attack of Al-Mg next to weld and severe attack on 
weld 
* Testing procedure and composition of alloys same as that in Table 23. 
characterizes the attack as intergranular (no evidence). Clad Duralumin 


In the absence of similar data on non-welded material 
under the same experimental conditions, however, it is 
unfortunately impossible to make a direct comparison 
with the results of Doussin.” The value of accompany- 
ing all corrosion data on welded joints with correspond- 
ing data of unwelded material thus becomes all too obvious 
when one tries to correlate and compare results of dif- 
ferent investigators. 


Al-Cu-Fe-Ni 


In the salt spray tests of Doussin,” substitution of 
0.74-0.78% Fe and 2.10% Ni for Mg decreased the 
effect of spot welding on the corrosion-resistance prop- 
erties. A direct comparison of the tensile strength 
values of the welded specimens with those of unwelded 
material, both after corrosion (Table 20), are indeed sur- 
prising for they would seem to indicate that welding 
actually enhances the corrosion resistance. While this 
is not impossible in view of the thermal changes taking 
place, attention should be called, however, to the large 
degree of scatter in the experimental results recorded. 

Cournot and Baudrand” subjected spot and gas welds 
of an Al-Cu alloy containing 0.5% Ni and 0.5% Fe 
(no Mg) to the action of artificial sea water for 1680 
hr. The detailed observations, the tensile strength and 
weight-loss data are given in Tables 22 and 23. The 
general conclusions that may be drawn from these re- 
sults are: (1) Spot welds are less corrodible than gas 
welds. (2) Cladding the alloy with pure Al improves 
the corrosion resistance of the welded structure. (3) 
Alloys welded with a base metal filler rod are more cor- 
rosion resistant than those welded with a pure Al rod. 
(4) Heat treatment after welding is beneficial as regards 
corrosion resistance. In connection with the first con- 
clusion, it might be recalled that Mutchler and Galvin® 
found gas welds of 53 S-T and 52 S-'/. H more corrosion 
resistant than spot welds. 


Table 23—Corrosion Tests{ of Spot-Welded Al Alloys in Artificial Sea Water. 


Breaking Load of 


Gas Welds.—In the tests of Mutchler and Galvin®: * 
(tide water and saline weather exposure), gas-welded 
butt joints in 0.040-in. Alclad 24 S-T,* sheet, containing 
4.11 Cu, 1.62 Mg, 0.66 Mn, 0.20 Fe and 0.16 Si, proved 
very resistant to corrosion. Similar results were ob- 
tained when the material was welded to either 53 S-T 
or 52 S-'/2 H. The results obtained on this alloy are, 
therefore, essentially comparable to those of 53 S-T and 
52 S-'/2 H. Gas-welded butt joints on Bondurplat 
(Dural coated with Al-Mg-Si) were found by Brenner® 
to be somewhat more corrosion resistant than non-coated 
Dural in the DVL test (Table 19), although by far the 
best coating was that of pure aluminum. In the latter 
case the weld disintegrated after 200 days in the DVL 
solution as compared with several days for the non- 
coated welded alloy. It will be nbted, however, that 
even with an Al cladding the welded alloy disintegrated 
after 200 days, while the non-welded clad alloy hardly 
lost in strength even after 24 mo. Similarly, Means 
(private communication) states that although gas welds 
in Alclad 24 S-T may satisfactorily resist exposure to 
tide water conditions in tests of short duration, severe 
attack adjacent to the welded areas may occur after pro- 
longed exposures. To avoid a rash deduction that these 
results are conflicting with those of Mutchler and Galvin 
one must remember that the DVL tests is a highly ac- 
celerated test, 24 mo. of which is approximately equiva- 
lent to 36 yr. in natural sea water,”' as compared with 
only one year in the latter authors’ tests. 

Heat treatment after welding restored the orginal 
corrosion-resistance properties of both materials used by 
Brenner. Also von Rajakovics”" reports that non-heat- 
treated flange welds in Al-Cu-Mg sheet coated with 
Al-Mg-Si disintegrated after 8 wk. in the DVL test; 


* Coating contained 0.061 Si, 0.17 Fe, 0.09 Cu. 


Cournot and Baudrand” 


Loss in Weight, 


2 Welds in Lb. Mg./M?/Hr. 


Alloy* Spot Welded As-Welded Heat Treated As-Welded Heat Treated Observations 
Hr to Hr 730 760 2.75 2.07 Alumina rings around the spots 
Alclad Hr to Alclad Hr 7 840 2.12 1.98 Uniform attack over entire specimen 
Al-Mg to Al-Mg 630 a 2.32 * Preferential severe attack at weld 
Hr to Al-Mg 670 690 4.72 4.22 Preferential attack on Al-Mg sheet 
* Composition of alloys 

Alloy Cu Si Fe Ni Cr Mg Mn 

Hr 3.8 0.4 0.5 0.5 0.5 = 

Al-Mg 0.1 0.3 9.4 0.4 


t Tests made after complete immersion for 1680 hr. 
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Table 24—Corrosion Tests on Spot-Welded and Riveted Al Alloys. 


Mutchler’"—Breaking Load, Lb. 
Corroded, Average 3 Specimens 


Uncorroded Hampton Roads, 
Average 13 Specimens Washington, 5 Yr.* Coco Solo, 5 Yr.f 4 Yr. 

Alloy Spot Welded Riveted Welded Riveted Welded Riveted Welded Riveted 
Alclad 24 SRT 2190 1070 2270 1150 2040 1200 2150 1150 
Alclad 17 S-T 2090 985 1970 825 2010 600 1880 760 
4S-'/:H 1990 2000 2020 2000 
X52 S-'/. H 1570 540 1590 570 1570 550 1570 575 


* Representative of inland temperature atmosphere. 
t Representative of tropical seacoast conditions. 


¢ Representative of temperate seacoast conditions, with occasional contact with salt water. 


Composition of Alloys 


Alloys Cu Mg 
Alclad 24SRT 4.17 1.59 
Alclad 17S-T 4.10 0.59 
4S-'/, H 0.10 0.89 
X52 S-'/; H 0.02 1.24 


Mn Fe Si Cr 
0.57 0.14 0.09 

0.58 0.48 0.50 

1.04 0.43 0.22 
0.00 0.37 0.20 0.19 


heat-treated welds retained their tensile strength even 
after 24 wk. 

Spot Welds.—Mutchler® reports the effect of 5 yrs.’ 
exposure at three different weathering localities on the 
breaking load of spot-welded Alclad 24 SRT and Alclad 
17 S-T (Table 24). The specimens were 1 in. wide, 
0.064 in. thick and contained 2 spot welds 1 in. apart on 
an overlap of 1.75 in. Although there was a definite 
tendency for localized attack on the spot welds, in no 
instance was the penetration sufficient to influence the 
breaking load. Also in the tests of Field and Sutton,”® 
Table 21, the breaking load of spot-welded Alclad 17 S-T 
remained unaffected after 6 mos.’ exposure to a salt solu- 
tion and sea water spray. It may well, therefore, be as- 
sumed that the spot-welding operation hardly affects 
the corrosion-inhibiting properties of the clad coating. 


Al-Mg 


Gas Welds.—Oxyacetylene butt-welded specimens of 
an Al-Mg alloy containing 2.5-4% Mg, 0-1.5 Mn and 
0-1.2% Zn and 1 mm. thick showed only a slight decrease 
in breaking strength after 24 wk. in the DVL test (Fig. 
10) according to von Rajakovics.”” The alloys were 
welded in the soft annealed state and were not heat 
treated after welding. Welded Al-Mg alloys with more 
than 5% Mg, however, decreased in strength consider- 
ably as a result of corrosion under identical conditions, 
the decrease being proportional to the Mg content (Fig. 
10). Very much similar results have been obtained by 
Brenner® on butt-welded specimens of an Al-Mg alloy 
containing about 7% Mg after 24 mo. in the DVL test. 
The metallographic constitution of the material prior 
to welding had no effect; both homogeneous (1 phase, 
Mg:Al; in solution) and heterogeneous welded specimens 
(Mg,Al; precipitated) were less corrosion resistant than 
the non-welded alloys (Fig. 15). The corrosion was not 
intergranular, but at the junction of bead and parent 
metal there was a tendency toward peeling which in- 
creased with time in the corrosion medium. The author 
suggests neither a reason nor a remedy for this effect. 
Cournot and Baudrand” report severe preferential at- 
tack on the weld of an oxyacetylene-welded specimen of 
Al-Mg alloy in artificial sea water. 

Spot Welds.—Spot-welded X52 S-'/, H (1.24% Mg) 
and 52 S-'/: H (2.41% Mg), although showing a tendency 
for localized attack, were not affected to the extent of 
decreasing their breaking load when exposed to the saline 
atmosphere and salt water immersion tests of Mutchler 
and Galvin® and Mutchler™ (Table 24). 

Reported experimental results on the corrosion be- 
havior of spot-welded Al-Mg 7 alloys in saline conditions 
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are indeed contradicting. Field and Sutton” subjected 
spot welds, made in 20-gage hard-rolled and annealed 
grades of Al-Mg 7 sheet, to a 6-mo. exposure of sea water 
spray. The specimens did not suffer any appreciable 
deterioration on the surface and the weld zones were not 
preferentially attacked. Microscopic examination of a 
section through a weld or the neighboring zone showed 
no evidence of corrosion attack, either intercrystalline 
or otherwise. The shear strength results, both before 
and after corrosion, are given in Table 25. 

In conflict with these results are those of Cournot and 
Baudrand” who observed severe preferential attack at 
the weld in artificial sea water, as well as those of Dous- 
sin who observed pitting in the zone neighboring the 
weld when exposed to salt spray. Furthermore, from 
the work of the latter (Table 20) it weuld seem that non- 
heat-treated spot-welded structures of this alloy may 
undergo a reduction in strength of the heat-affected zone 
of 20-40% in the course of 60 days in salt spray. The 
reduction in strength of non-welded alloys under the 
same corroding conditions is 20-25%. 

Reichel’? subjected spot-welded Al-Mg 9 (9% Mg; 
German Hy-9W) spars to a 10-min. spray of 3% NaC! 
solution every hour for 134 days. No preferential cor- 
rosion was observed at the spots. The general corrosion, 
however, reduced the fatigue limit of the specimens, so 
that corroded spars failed after fewer cycles than non- 
corroded spars. The fatigue data are given in Table 26. 
As can be readily seen, heat-treated welds, whether cor- 
roded or uncorroded, withstood at least 4,000,000 cycles 
without failure. 


Al-Mg-Mn 


Gas Welds.—Both Brenner® and von Rajakovics” 
found oxyacetylene butt-welded specimens of 1-mm. 
thick Al-Mg-Mn sheet (2-2.5 Mg, 1-2 Mn, 0-0.2 Sb) 


T | 
42700 
Unw elded Unwelded 
14200 
0 
Months Months 


Fig. 15—Effect of Constitution Prior to Welding on the Corro- 
sion Resistance of Al-Mg 7 in DVL Test. Brenner® 
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Table 25—Effect of Sea Water Spray on Shear Strength of 


Spot-Welded M.G. 7 (7% Mg). Field and Sutton”* 


Failing Load, Lb. 


Alloy Uncorrodedt After Corrosion* 
M.G. 7 
Hard-rolled 0.040 in. thick 596 584 
M.G. 7 
Annealed grade 0.036 in. thick 489 Not recorded 


* Six months’ exposure. 
t Average of 5 specimens. 


as corrosion resistant as the non-welded material in the 
DVL test (Fig. 10 and Table 19). Brenner’s welds were 
made in sheets in the hand-rolled condition prior to 
welding; von Rajakovics started with soft sheets and 
employed welding rods of the same composition as base 
metal. Corrosion on both welded and non-welded speci- 
mens was uniform and slight. In the tests of Auch- 
ter®’: oxyacetylene-welded butt joints on hard-rolled 
K.S. Seewasser (0.16 in. thick; analysis: 2.5 Mg, 2.22 
Mn, 0.6 Si, 0.18 Sb, 0.25 Fe) retained their strength after 
a 30-day 15% NaCl salt spray test and fractured in the 
softened zone. Equally good results were obtained on 
metallic arc-welded joints. Of the other reagents tested 
by the author for 10 days (Table 27), H2SO, and HNO; 
had the greatest preferential corrosive effect on the 
welds, causing fracture always at the immediate juncture 
of weld metal and recrystallized zone. Basic solutions 
(10% NaOH) and HCl (10%) had only a minor effect 
on the tensile strength; acetic acid practically none. 
Taylor® states that Birmabright (3.5 Mg + 5% Mn) 
gas welds are as corrosion resistant as the rest of the 
structure. 

Spot Welds.—No reduction in the breaking load oc- 
curred in spot-welded 4 S-'/2 H (0.89 Mg, 1.04% Mn) 
after 5 yrs.’ exposure to either seacoast or inland atmos- 
phere conditions, according to Mutchler,” although 
there was a tendency toward localized attack. Similar 
results were obtained by Doussin™ in salt spray tests. 
It is interesting to note that welded specimens were 
actually more corrosion resistant than non-welded ma- 
terial in the latter author’s tests. The author doubts, 
however, whether it is a real effect resulting from the 
heat changes of the welding operation and suggests that 
it is probably due to wide scatter in the tensile strength 
data (low experimental accuracy). 


Al-Mn 


Oxyacetylene butt-welded specimens of Al-Mn (1-2% 
Mn) retained their tensile strength after 24 mo. in the 
DVL tests of Brenner® (Table 19). Similar results were 
obtained by von Rajakovics.”! 


Table 26—Effect of Salt Spray Corrosion* on Fatigue 
Strength of Spot-Welded Al-Mg 9, 1 Mm. Thick. Ampli- 
tude of Vibration = 16 Mm. Reichel” 


Non-Heat-Treated Welds Heat-Treated Welds 


Uncorroded Corroded Uncorroded Corroded 
200,000 262,000 8,600,000 TF 6,169,000 
216,000 9,411,000¢ 4,817,000 
197,000 13,744,000 T 4,824,000T 


F * Ten-minute sprays with 3% NaCl solution, every hour, for 134 
ays. 

t Amplitude increased to 20 mm. after four million cycles, and 
to 25 mm. after eight million cycles, 
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Silumin (12'/2% Si) 


The preferential attack on the welds of this alloy, in 
contrast to K.S. Seewasser, was greater in basic than acid 
solutions in Auchter’s tests (Table 27). In the 10% 
NaOH solution the cross section of the weld was reduced 
by 20%, that of the plate by 15%; loss in tensile strength 
after 10 days was almost 50%. 10% HCl developed 
deep pits in ‘the transition zone, probably because of the 
greater corrosion rate of Si. H2»SO, was less detrimental 
than HCl, and concentrated HNO; hardly reduced the 
tensile strength after 10 days’ immersion. All speci- 
mens broke in the softened zone, exce pt the ones immersed 
in the 10% NaOH, which fractured in the weld. 


Effect of Welding Method 

Flange-welded specimens of various Aluminum alloys 
(1 mm. thick) prepared by the oxyacetylene, oxy- 
hydrogen, atomic arc and Weibel methods, were sub- 


Table 27—Effect of Corrosion on Tensile » Stsenath of Oxy- 
acetylene Welds in Silumint and K.S. Seewasser* (Al-Mg- 
Mn). Auchter*! 


K.S. Seewasser 
Tensile Strength, 


Corroding Medium 


10 Days at Room Silumin Tensile 


Temperature Psi, Strength, Psi 
Uncorroded 25,200 19,100 
As-welded 10% HCl 23,600 15,000 
10% NaOH 22,800 9,000 
10% HNO, 19,400t 18,200 
10% H»SO, 15,700} 17,400 
100% HNO, 18,900 16,900 
10% Acetic acid 24,800 18,500 
10% NaCl 24,400 16,800 
15% NaCl salt spray 25,200 17,700 

(30 days) 
* Analysis: 0.60 Si, 0.18 Sb, 0.25 Fe, 2.22 Mn, 2.50 Mg. 


+ Analysis: 12.58 Si, 0.63 Fe 

t Fractured in weld; all others in softened zone. All welds 
made on 0.16-in. hard-rolled plates using filler rods cut from base 
metal. 


jected to the DVL test by von Rajakovics™ to study the 
effect of the welding method on the corrosion resistance. 
No effect was observed on Al-Mn or Al-Mg-Mn alloys; 
the welds retained their strength after 24 wk. in the cor- 
rosion medium, irrespective of the method of welding. 
Alloys of the Al-Mg 5 (5% Mg) and Dural (Al-Cu-Mg) 
types, however, showed a decided advantage when 
oxyacetylene welded. Atomic-hydrogen welds had the 
poorest corrosion resistance (Table 28). All samples, 
both before and after corrosion, broke in the heat- 
affected zone; seldom in the weld. The weld metal 
itself was hardly attacked. Similar effects were obtained 
on Al-Mg-Si and Al-Mg 3 (3% Mg) alloys, although the 
differences were less marked. In view of the order of 
decreasing corrosion resistance as a function of the weld- 
ing method the author suggests that the diffusion of 
H, into the Al lattice might be responsible for the poor 
corrosion behavior of atomic-hydrogen and oxyhydrogen 
welds. Also Hunsicker,' in his potential measurements 
on Al, found oxyacetylene welds superior to oxyhydrogen 
ones. 


General Observations 


Tylecote* states that spot welds in alloys of the 
Dural type are subject to corrosion. The corrosion 
usually takes place preferentially on the area of the spot 
most severely affected by heat treatment and may 
proceed from the inside or outside. The corrosion prod- 
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Table 28—Effect of Method of Welding on Corrosion Resistance of Al Alloys. von Rajakovics” 


Duranalium Mg 5 (Al-Mg)* Duralumin 681 Zb '/sf (Al-Cu-Mg) Duranalium Mg 3 (Al-Mg, 3%) 
T.S. Kg./Mm.* % Elongation T.S. Kg./Mm.? % Elongation T.S. Kg./Mm.? 


Before After Before After Before After Before 


Duralumin K (Al-Mg-Si) 
% Elongation T.S.Kg./Mm.* % Elongation 


; After Before After Before After Before After Before After 

Welding Corro- Corro- Corro- Corro- Corro- Corro- Corro- Corro- Corro- Corro- Corro- Corro- Corro- Corro- Corro- Corro- 

Method sion sion sion sion sion sion sion sion sion sion sion sion sion sion sion sion 
Unwelded 28 28 29 29 45 37'/s 20 8 22 22 22 22 27'/s 271/2 20 12 
Oxyacetylene 27 21 16 5 36 s 5 i 21 19 18 10 17 17 6'/s A 
Oxyhydrogen 25 15'/: 12 3 34 2§ 5 1 21 16 18 6 18 14 6 3 
Atomic 

hydrogen 26 14 14 2 35 0" 5 0" 21 13 18 4 201/2 13'/: 7 3 

Specimens left in the as-welded condition for 24 wk. in 3% NaCl + 0.1% HO: agitated solution, unless they disintegrated before then 

* Sheet in the annealed soft condition before welding. Contained approximately 5% Mg. 

? Sheet in the hardened condition before welding. omposition of the ordinary dural type. 


After 40 days. 


After 30 days. 
'! Disintegrated after 20 days. 


ucts are often sufficient to force the sheets apart and 
cause fracture. The use of Alclad alloys eliminates this 
trouble entirely. He also mentions the possibility of 
welding through paint. 

Mutchler* believes that the intergranular corrosion 
usually found in duralumin spot welds is occasioned by 
the precipitation of CuAl, in the grain boundaries and 
the resulting “local element” action. Field and Sutton” 
express the opinion (no tests) that heat treatment subse- 
quent to welding, usually a water quench from 500° C., 
increases the corrosion resistance. 

Many corrosion hazards in spot-welded Al and alumi- 
num alloys are introduced through the use of Cu elec- 
trodes, according to one anonymous source,** who, there- 
fore, recommends the use of chrome electrodes. The 
pressure of the electrodes also has a bearing on the cor- 
rosion resistance of the spot welds: if excessive, it pro- 
duces on the surface a local cold-working effect which 
may become a source of corrosion. Osswald® attributes 
the greater corrosion resistance of the surface in contact 
with the flat electrode, as compared with that in contact 
with the spherical electrode, to the lower current density 
existing at the former. He, therefore, suggests using 
only a slightly curved top electrode against a flat bottom 
one. He also emphasizes the importance of cleaning the 
electrode tips and surfaces of the sheets to remove oxide. 
Unclean surfaces and tips may cause overheating and 
subsequent contamination that might prove harmful to 
the corrosion resistance of the spot welds. 

Mile. Goldowsky® expresses the opinion that stored 
energy welders produce more corrosion-resistant welds 
than the conventional A.C. welder. Using the localized 
hydrogen-ion concentration on the surface of a specimen 
immersed in an electrolyte as a measure of the corrosion 
resistance of that locality, the author has shown quali- 
tatively that spot welds made with a D.C. type PMCo 
2S Sciaky machine are more corrosion resistant than 
those made with an A.C. welder. 

Tylecote* reports that some investigators found 
residual traces of basic sulphates from H»SO, anodizing 
harmful to the corrosion resistance of spot welds; traces 
of chromic acid, however, had no effect. 


Corrosion Resistance of Welds in Other Non-Ferrous 
Alloys 


Mg Welds 


Saline Tests.—In the tests of Mutchler and Galvin,** 
consisting of exposure to tide water and a saline atmos- 
phere, anodized spot welds on Dowmetal M (0.4 Al, 
0.01 or 1.4% Mn) proved less corrosion resistant than gas 
welds. After a year, spot welds were severely corroded 
on both painted and unpainted panels. Painting of the 
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gas-welded panels, however, affected the corrosion re- 
sistance of the welds. Gas welds on unpainted panels 
were no more corroded than the rest of the panel and 
were in quite good condition after a year in the tide 
water test, while on painted panels preferential attack 
on the welds was considerable. 

Effect of Flux.—Grassman and Brandis® studied the 
effect of various fluxes on the corrosion resistance of 
welded Mg alloy castings (1-10% Al, 0.5-3% Zn, 0.3 
Mn) when exposed to moist steam. Using German 
commercial fluxes (mixtures of KCl, NaCl and cryolite), 
typical salt corrosion was found in the welds, sometimes 
after waiting several months, even though the welds 
had been washed in hot water, HNO; or boiling potassium 
bichromate solution. Chloride salt fluxes proved to be 
the most serious offenders; sulphates, phosphates and 
nitrates were less destructive. Welds made with 
fluoride base fluxes (special author’s type, no composition 
given), however, showed no corrosion defects after several 
months. The results were further confirmed by drilling 
holes in the castings, filling them with fluoride and 
chloride fluxes, and closing them up by welding. The 
chloride welds corroded after 24 hr., while the fluoride 
welds showed no defects even after cutting the castings 
open and admitting air. 

General Observations.—Most investigators view the 
retention of flux as the most important factor con- 
tributing to the corrosion of Mg welds. Winston® and 
others*® emphasize the importance of removing surface 
flux thoroughly by scrubbing in hot water and subsequent 
immersion for | hr. in a hot, 70° C., solution of potassium 
bichromate (5%). The latter source recommends avoid- 
ing lap and T joints, or any type of joint where the flux 


Fig. 16—Effect of Retained Flux on Corrosion of Welded Zinc 
(Dilute H,SO,). Winterhager*! 
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cannot be easily removed.*° 
should be avoided, as it is almost impossible to prevent 


Flange joints in particular 


the retention of flux. For the same reason, flux should 
be used sparingly. Without evidence, one source*® also 
states that owing to the danger of corrosion dissimilar 
alloys cannot be welded and rods must be of the same 
composition as the base metal. 


Zinc Welds 


In dilute H2SO, (30%), gas welds in zinc sheet (1.5 
mm. thick) were actually more corrosion resistant than 
the base metal, in tests carried out by Winterhager.” 
Care must be taken, however, to remove all traces of flux 
by washing thoroughly in dilute HNO; and water. Its 
retention causes the transition zone between the weld 
and the recrystallized metal to corrode preferentially 
(Fig. 16). Ten months’ immersion in a 3% NaCl + 
0.1% HeO:2 solution only slightly affected the tensile 
properties of welded specimens (Fig. 17). Cold hammer- 
ing had no effect. Both before and after corrosion 
fracture occurred in the welds, except the hammered 
specimens that broke in the ductile transition zone. 
Equally good results were obtained after 6 mos.’ ex- 
posure to air containing 0.1% SO. and 80% relative 
humidity (Fig. 18). It may be concluded, therefore, 
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Fig. 17—Effect of enated NaCl Solution on the Tensile 
Strength of Welded Zinc. Winterhager*! 


A—Unwelded; B—Welded; C—Welded and cold hammered. 


that zinc may be gas welded without fear of introducing 
corrosion-promoting variables (for these media) if care 
is taken to clean the weld thoroughly. 


Cu Welds 


Oxyacetylene butt welds in electrolytic Cu plates, 10 
mm. thick and containing 99.8 Cu, 0.04 Fe + Al, 0.02 
Mn and traces of S, had the same final potential as 
neighboring zone specimens (Fig. 19) in the tests of Hun- 
sicker! (1% NaCl, quinhydrone standard electrode). 
Furthermore, its final potential was practically the same 
as that of non-welded base metal (250 mv. vs. 260 mv.), 
which would seem to indicate that the welding process 
had no effect on this quantity. Like iron, filed specimens 
showed slightly higher potentials than non-filed ones 
(compare specimens 1—5 with 6-10). Hot hammering 
of the weld lowered its end potential (290 mv. to 250 
mv.). The author attributes this effect to grain refine- 
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Fig. 18—Effect of an SO, Atmosphere (0.1%) on the Tensile 
Strength of Welded Zinc. Winterhager*! 
A—Unwelded; B—Welded. 


ment. Weight loss measurements in 1N HCl were too 
erratic and inconsistent with the emf. results to warrant 
any conclusions to be drawn from them. 


Pb Welds 


As was the case with aluminum, Pb weld metal ex- 
hibited a higher initial than final potential in the tests of 
Hunsicker.1 This, according to the author, is un- 
doubtedly due to the fact that the oxide film, responsible 
for the initial potential, is less noble than pure Pb. 
Oxyacetylene-deposited weld metal (no details) was 
more noble than that deposited with an oxyhydrogen 
flame (1600 mv. vs. 630 mv.). The final potential of non- 
welded base metal was 560 mv. Weight-loss (1N HCl) 
tests confirmed these results. 


Ni-Base Alloy Welds 


Alloys of the Ni-Mo-Fe type (20°) Mo, 0-40% Fe) 
that are usually used to resist HCl and H.SO, can be 
welded without loss of corrosion resistance, according 
to McCurdy” (no details). A similar Ni base alloy in 
which part of the Fe is repleted with about 15% Cr 
to make it resist hypochlorites and free Cl, can also be 
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Fig. 19—Potential Measurements of Gas-Welded Copper. 
Hunsicker' 
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welded without affecting its corrosion resistance ‘‘if done 
by an experienced operator who observes the necessary 
precautions” (same author). Heat treatment after 
welding is usually not necessary. Hastelloy alloys (58 
Ni, 17 Mo and 14 Cr), used for resisting corrosion by HCl 
combined with H2SO, or HNOs, are readily welded with 
oxyacetylene torch or electric-arc method, the latter 
with electric arc being preferable for very severe cor- 
rosion conditions since it avoids carbon pick-up, accord- 
ing to LaQue.” Nickel-chromium (no composition 
given) metallic arc-weld deposits on pipe ends pre- 
vented their corrosion from condensed moisture in high- 
pressure gas, according to Welder.* Hiemke® states 
that ‘corrosion tests of metallic arc-welded specimens 
in various media, including sea water, indicate that the 
corrosion resistance of the weld is equivalent to that of 
the base metal for nickel-base alloys as well as the 70-30 
copper-nickel alloy.” In a glucose evaporator for 624 
hr., nickel welds exhibited the same rate of penetration 
(0.002 in. per year) without pitting as unwelded nickel.” 

Soft Soldering and Silver Brazing.—The usefulness of 
soft soldering for joining Monel, nickel and Inconel is 
limited to applications where soft solder is not corroded 
readily. Strength and corrosion resistance are greater 
for properly designed and executed silver-brazed than 
for soft-soldered joints.” Silver-brazing alloys of low 
melting point are best for joining high-nickel materials 
and are essential for Monel, which is subject to inter- 
granular attack by molten brazing alloys and failure if 
under even low stress at temperatures of 1400° F. or 
higher.” 


Corrosion Resistance of —— in Galvanized and Clad 
teels 


Galvanized Steels 


No experimental data on the corrosion resistance of 
welded galvanized sheets are reported in the literature 
of the past four years. Numerous statements by 
authorities,'®: *° however, assert that, although the weld- 
ing heat removes the zinc in a small area, the corrosion 
resistance of the sheet is not impaired. Smith” states 
that carbon arc-welded galvanized sheet is as corrosion 
resistant on both the weld and opposite side as non- 
welded sheet. In support of such claims Galbraith” 
cites the following examples of service conditions: (a) 
Welded galvanized pipe systems in the southwestern 
part of the country have been in service for many years 
and no indication of accelerated corrosion has been 
noted. (+) Bronze-welded chutes in a grain elevator, 
often exposed to damp and clinging grain, stood up well 
in service. (c) Bronze-welded galvanized steel shells 
used in acetylene generating units and buried under- 
ground showed no undue corrosion at the welds. 

Eckberg,* however, reports that the Eastman Kodak 
Co. found carbon arc-welded galvanized sheet extremely 
susceptible to corrosion in a moist atmosphere, because 
of the loss of zinc along a thin strip parallel to the weld. 
The sheets were welded with a Cu-Si a:loy rod as filler 
and were used in air conditioning equipment. To 
remedy the situation the company developed a tin- 
coated electrode (Gaylord Patent) which serves to cover 
the bared strip with tin during welding. 


Stainless and Cu Clad Steels 


Plain carbon steel sheet or plate clad with a protective 
coating of stainless 18-8 or Cu is extensively used in the 
chemical industry. The cladding may be put on either 
by spot welding or hot rolling. From the corrosion 
viewpoint, the problem of welding clad steels consists in 


attempting to prevent the admixture of base metal stee] 
into the corrosion-resistant coating during welding. For 
this purpose, several special joint designs have been 
proposed. Using these precautionary measures, Radeker® 
finds that gas-welded 18-8 clad and Cu clad steels (put on 
by hot rolling) are as corrosion resistant as the cladding 
material. Richter® subjected X and Vz butt welds of 
Cu-plated steel (German St 37, 10 mm. thick, plating 
1-2 mm.) to the action of artificial North Sea water and 
carbonic acid containing tap water. The base material 
was arc welded; the copper plating gas welded. In both 
media the welds lost no more weight than commercial 
cast copper. 


Ni Clad Steels 


Oxyacetylene and arc welds in Ni clad steels remained 
unattacked after 44 hrs.’ immersion in a concentrated 
lye solution (345 gm. NaOH in 100 cm.* H,O at 200° C.), 
according to the same author. Since chemical analysis 
revealed the presence of Fe in the Ni weld, it appears that 
the diffusion of Fe that might take place at high tem- 
peratures is not a danger to the corrosion resistance of 
the weld. Huston*® states that, while for most applica- 
tions the presence in the weld metal of as much as 20 
to 25% iron does not appreciably affect the resistance 
to corrosion, a specification limiting the iron content to 
a maximum of 15% has been found to be satisfactory by 
both fabricator and user for most of the purposes for 
which nickel clad steel has been used (private communi- 
cation). In special cases a lower iron limit may be 
desired and can be obtained by special and more ex- 
pensive joining methods. 

Fergusson,” however, takes exception to the above, 
stating that up to date no one has succeeded in welding 
nickel clad plate without intergranular cracking of the 
nickel cladding in the vicinity of thé weld, which is then 
readily attacked by, for example, hot caustic soda. The 
superimposing of an additional nickel weld, while re- 
ducing the iron pick-up in the body of the weld, will have 
little effect in reducing the iron pick-up at the edges of 
the weld (usually about 25%), where corrosive attack 
would thus first commence. 
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A Welding Flux for Sulphur 


Contaminated Steels 


By Isaac Bencowitz' 


OLTEN sulphur affects steel containers in several 
ways. It may combine with the iron chemically 
to form sulphides; it may diffuse into the metal 
and remain there for some time as elemental sulphur; or 
it may merely adhere to the surface of the metal, more or 
less, superficially. When steel containers which have 
been in contact with sulphur are to be welded, an experi- 
enced welder heats the metal gently at first to melt and 
burn away as much of the elemental sulphur as possible. 
This preliminary heating, though gentle, facilitates addi- 
tional chemical reaction to form sulphides and accelerates 
the rate of diffusion of sulphur into the metal. During 
the welding operation, all of the sulphur present in the 
metal reacts to form sulphides. These cannot be re- 
moved from the molten metal. The sulphide slag re- 
mains and weakens the weld. 
Furthermore, in the sulphur mining industry occasions 


* Contribution to the Welding Research Committee. 
t Research Chemist, Texas Gulf Sulphur Company, Newgulf, Texas. 


Fig. 2—Welding Sulphur-Contaminated Pipe Under Severe 
Conditions 

A continuous stream of sulphur is being poured upon the weld 


while the welding is in progress simulating conditions which obtain 
in practice. 


arise when welding must be carried out under much more 
severe conditions. Such is the case when the iron con- 
tainer, though still in serviceable condition, has been in 
contact with sulphur a long time and the metal is badly 
Fig. 1—Welding Sulphur-Contaminated Pipe Under Normal affected with sulphur. Even more severe conditions 

Conditions obtain when welding must be carried out in the presence 
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Table 1 


IN WELDING EXPERD.ENTS 
Ground Ground Sodium Lead Other 
No. of MnO2 Borex Silica Gless Carbonate Oxide Substances 
2 25 15 15 ooo ooo ooo ose 
2 25 -- 15 coe ooo -<- --- 
3 25 15 12 --- 15 ooo ooo 
4 25 15 -- --- 15 --- --- 
5 25 15 -- --- 15 15 ooo 
6 25 15 - 15 45 ooo ore 
7 25 15 -- 15 ooo ooo coo 
& 25 15 - 45 --- 15 coo 
9 25 15 -- 15 15 15 ooo 
10 25 15 3 o-- --- 11 --- 
ll 25 15 3 --- --- 17 --- 
12 25 15 3 --- --- 24 --- 
13 25 15 3 --- ooo 37 coo 
l, 25 15 6 --- --- 22 --- 
15 25 15 1 --- --- 8 --- 
16 25 15 -- 10 --- --- --- 
17 25 15 -- 5 --- --- --- 
12 25 15 -- 20 --- --- --- 
19 25 15 -- 25 --- --- --- 
20 25 15 0.5 --- --- --- 
1 25 15 --- --- 16 --- 
22 25 15 -- --- --- 8 1 gm. Send 
23 25 15 -- --- --- 16 2° e 
2k 2 15 ad --- --- 16 --- 
25 25 15 -- --- --- 16 2 gm. Silica Gel 
2 25 15 15 --- 10 --- --- 
27 25 15 15 --- 5 --- --- 
2 25 15 15 --- 20 --- --- 
29 25 15 -- 15 10 a-- --- 
30 25 15 oo 15 5 ooo ore 
31 25 15 -- 15 20 --- --- 
32 25 15 15 ooo oe --- 5 Caco; 
33 25 15 15 --- --- --- 10 * e 
35 25 15 15 5 CaFo 
36 25 15 15 --- --- oo 39 
37 25 15 15 --- 
38 25 15 15 --- --- --- 5 * Talc 
39 2 15 15 --- --- wwe 
40 25 5 15 --- --- ag 
41 25 15 15 --- --- --- 5 " Keolin 
42 2 5 15 --- --- 
43 2 15 15 --- 15 * 


of sulphur vapors and sulphurous gases, conditions en- 
countered, whenever repairs are to be made on pipe- 
lines containing sulphur. 

An experienced welder will occasionally succeed in 
making some sort of makeshift weld under severe condi- 
tions. More often he will fail after he has wasted much 
time with great discomfort to himself. Furthermore, 
welds, even under more favorable conditions prove to be 
weak and result in permanent points of weakness in the 
pipe-lines. 


Scope of the Investigation 


The well known properties of manganese dioxide and 
its usefulness in the metallurgy of sulphur-bearing iron 


Fig. 3—Appearance of Welded Specimens After the Bend Test 
Welding was done under normal conditions. 


ores suggest it as a basic substance in a flux, the object of 
which is to remove sulphide slags. However, severa] 
other essential characteristics of a workable flux necessj- 
tate the admixture of other substances. A good flux 
must stick to the hot welding rod and it must spread and 
““wet”’ the hot metal as the welding proceeds. In other 
words, some sort of a “‘glass’’ must be added to the man- 
ganese dioxide to obtain a satisfactory flux. 

Borax is one of the obvious constituents of such glass. 
However, borax alone was found unsatisfactory. Other 
substances had to be added. In the case of mixtures ap- 
proximating lead glasses, the lead oxide-silica melting 
point diagram served as a guide in proportioning. An at- 
tempt was made at approaching the compositions of the 
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Fig. 4—Appearance of Welded Specimens After the Bena Test 
Welded under severe conditions. 


several eutectics and compounds. All the other mix- 
tures were made up rather arbitrarily. 

At first, the observation of the welder was the only 
guiding test serving as a basis for modifying mixtures. 
Any mixture which appeared to him to be of poor worka- 
bility was discarded as unsatisfactory. More promising 
mixtures were further modified as to proportions of the 
constituents and the welder’s judgment served to indicate 
whether the changes were made in the desired directions. 
Finally, such fluxes which appeared to be satisfactory 
were tested mechanically. 

Two methods of welding were employed: (a) mild 
conditions which are encountered at all times in the 
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Fig. 5—An Attempted Flux of Pipe Filled with 
phur 


mines whenever used pipe are to be welded. The super- 
ficial sulphur is easily removed before welding starts and 
the metal is only slightly contaminated by sulphur; (5) 
severe conditions similar to those encountered when re- 
pairs are to be made without interrupting the sulphur 
flow. Under these conditions sulphur vapor and sul- 
phurous gases are present during the welding operation. 


Fig. 6A Completed Weld with Flux of Pipe Filled with Sulphur 


than */s in. was cut into 2-ft. sections and beveled on the 
regular pipe cutting machine. These sections were then 
welded together under normal and under severe condi- 
tions, as shown in Figs. 1 and 2, respectively. Severe 
conditions were simulated by pouring molten sulphur 
over the weld while welding was in progress. Low alloy 
high-strength steel welding rods were used throughout 


this work. 

Mixtures chosen by the welder as satisfactory were 
then employed to make welds for further tests. Sec- 
tions of pipe were welded together and cleats of suitable 
dimensions were cut out, using a cutting torch. These 
cleats were then machined to specifications. Two tests 


Experimental Procedure and Tests 


An 8-in. pipe in excellent condition, only slightly con- 
taminated with sulphur, with a wall thickness of not less 


Table 2 
Thick= ea Yield Point*® Ultimate Load Elongation in 2 in. 

Spec. #Width} ness sq. Load stress 

No. in. in. in. per sq.in. lb. lv. /sq.in. in. 

o** 1.51 0227 2 342 13,500 39,500 15,600 45,600 0.20 10 

3 1.54 0223 12,600 37 , 000 18,600 54,500 250 25 
7 1.54 .228 .351 12,600 35,900 19,000 54,100 52 26 

1.53 .227 .347 13,600 39,200 20,500 59,100 2 

6 1.53 2225 0344 $$$.11,900 34,600 18,400 53,600 052 26 
15 1.53 .225 .344 $12,600 36,600 19,200 55,900 27 
21 1.54  .227 .350 12,700 36,200 19,400 55,400 54 27 
26 1.52 2226 34 12,500 36, 300 18,900 54,900 250 25 
31 1.54 .354 13,400 37,800 19,900 56,200 5k 27 
32 1.54 228 .351 14,500 41,300 19,300 55,000 25k 27 
35 1.54 0227 12,700 36,200 20,800 59,400 250 2 
37 1.54 .227 .350 15,000 42,800 20,200 57,700 52 26 
40 1.52 214, 2 325 13,500 41,500 18,500 57,000 50 25 
41 1.52 402 16,000 39,800 22,500 56,000 2 


*Yield point determined as load producing an elongation of 0.02 in. since the specimens 
did not show a definite yield point. 


**Specimen welded without flux. 
outside the weld. 
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It broke through the weld. All other specimens broke 
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Fig. 7—Appearance of a Few Specimens After the Tension Test 


Specimen O was welded without flux. It broke in the weld and 
the appearance of the break suggests brittleness. All other speci. 
mens were welded with flux. These broke outside the weld and 
the pronounced necking suggests ductility. 


were employed—The Bend Test (A.S.7.M. Standards, 
p. 794, Part I, Metals, 1939) and The Tension Test 
(A.S.T.M. Standards, p. 793, Part I, Metals, 1939). 
The various mixtures used as fluxes were prepared by 
weighing out the several constituents and grinding them 
together until a homogeneous-appearing flux was ob- 
tained. The mixtures were not fused before grinding nor 


Fig. 8—Microphotographs Across the Weld of Specimens Welded with and Without Flux 


Above (left)—Setup of specimens indicating positions where microphotographs were taken. Specimens marked 
O and 41 were welded without flux and with flux No. 41, respectively. 

Above (right)—Microphotograph of parent metal. 

Below (left)—Microphotograph across weld of specimen 0. 

Below (right)—Microphotograph across weld of specimen 41. 
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were they dried. The silica used was obtained from 
broken quartz tubing. The glass was regular plate glass. 
The compositions of all mixtures are given in Table 1. 


Discussion of Results 


The results of the bend test are shown in Figs. 3 and 4. 

Specimens welded under mild conditions are shown in 
Fig. 3. It will be seen that when welded without flux the 
specimen breaks readily and the nature of the fracture 
suggests brittleness. It must be reiterated that this 
pronounced weakness is shown on a weld made under 
the mildest conditions. The metal was sound and no 
visible sulphur was present during the welding. The 
welder could not observe any unusual amount of slag in 
the molten puddle while welding. The weakness of the 
weld would have been much more emphatic had the 
metal been only slightly more contaminated. 

From the results shown in Fig. 3 the fluxes chosen as 
best are Nos. 37, 40 and 41. Specimens shown in the 
lower row of Fig. 3 though of sufficient strength are re- 
jected because of apparent lack of ductility in the weld. 

Specimens welded under severe conditions are shown 
in Fig. 4. It will be noted that without flux a specimen 
could not be obtained. Under these conditions a we'd is 
impossible without flux even with a good pipe. From 
this group flux No. 41 is chosen as the best. Thus mix- 
tures 37 and 40 are eliminated 

The effect of flux is strikingly illustrated in Figs. 5 and 
6. Four sections of pipe were filled with molten sulphur 
and allowed to solidify. These sections were then we ded 
together. Thus not only was sulphur vapor present at 
the weld during the welding but much of the sulphur, 
melted and evaporated, had to pass over the edges of 
metal to be welded. Furthermore, as the weld was be- 
ing completed, considerable pressure developed during 
the sealing-off period. In Fig. 5 is shown the attempted 
weld without flux. In Fig. 6 is shown the weld made 
with flux No. 41. 

The results of the tension test are tabulated in Table 2. 
All these specimens were welded under normal conditions. 
The most notable fact in this series of tests is that speci- 


mens welded without flux broke at the weld whereas 
those welded with the better fluxes broke outside of the 
weld. Furthermore, specimens welded with fluxes show 
pronounced necking just before the break occurs, indicat- 
ing appreciable ductility. The specimen welded without 
flux, on the other hand, gave a sharp fracture without 
necking, indicating brittleness. These facts are shown 
in Fig. 7. 

In Fig 8 are shown micrographs across the welds of 
specimen welded without flux and with flux No. 41 
Micrograph No. | shows the grain structure of the parent 
metal taken at the position indicated on the ‘‘setup’’ 
photograph. Micrographs Nos. 2 and 3 taken near the 
center of the weld of the specimens welded without and 
with flux, respectively, are of the same magnification, 125 
X. Apparently, the striking difference in the appearance 
of the two micrographs is due to the variation of the 
stresses set up by the test. The black globules seen in 
the micrographs are gas inclusions and some manganese 
sulphide. It will be noted that in Micrograph No. 2 
these inclusions are much smaller and more widely dis- 
persed. 

Of the several mixtures used as fluxes, mixture No. 41 
appears to be the best. This mixture consists of man- 
ganese dioxide, borax, ground silica and kaolin in the fol- 
lowing weight proportions: 25 : 15 : 15 : 5, respectively. 
Mixture No. 40 seems to be equally as good but for the 
fact that when used under severe conditions, in the pres- 
ence of molten sulphur during the welding process, its 
performance was not satisfactory. 

It must be emphasized that the flux can be further 
improved, and no doubt better fluxes may be obtained 
by using entirely different mixtures. No attempt was 
made to exhaust all possible substantes. It is believed, 
however, that manganese dioxide must serve as a basis 
for any flux to be used with sulphur contaminated steels. 

The author wishes to thank Mr. H. M. Gerald and Mr. 
B. H. Horn, whose patience and experienced welding 
were of inestimable help in this work. Thanks are also 
due to Mr. H. M. Nelson, Director of the Mechanical 
Department, for his interest and numerous valuable sug- 
gestions. 


Spot Welding of N-A-X High-Tensile 
Steel 


Second Report 


By W. F. Hess’ and C. R. Schroder’ 


Material and Scope 


HE material used in this investigation is the same 

heat of N-A-X 9115 as was used in the investigation 

of the first report. That report covered the work 

on the 0.040-in. gage, both in the annealed and in the 

half-hard tempers. This report covers the work on the 

0.070-in. gage, annealed and half-hard, and is written 
as a supplement to or continuation of the first report. 

* A report contributed to the Welding Research Committee. The first 


report was published in the April 1942 issue of the Welding Research Supple- 
ment. 


t Welding Laboratory, Rensselaer Polytechnic Institute. 
} Great Lakes Steel Corporation, Detroit, Michigan. 


The results of this investigation closely duplicate the 
results obtained on the 0.040-in. gage. The general 
principles of welding, time-off and post-heat treatment 
which were established in the work on the 0.040-in. gage 
have been accurately confirmed in this work on the 
0.070-in. gage. The specific values of welding current 
and time, electrode diameter, time off, heat-treating 
current, U-strength and shear strength will all vary with 
varying gage thicknesses. This, of course, is expected. 

The fact is again established, however, that the duc- 
tility and toughness of spot welds made in this N-A-X 
high-tensile steel can be greatly increased by a brief 
post-heat treatment in the welding machine. The time 
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Recommended Conditions for Spot Welding N-A-X 9115— 


0.070-in. Gage 


Temper of Material Annealed Soft Half-Hard 
Flat electrode diam., 11/55 11/55 
in. 
Electrode shape 30° Bevel 30° Bevel 
Total electrode force, 2325 2800 
Unit electrode pres. 25,000 30,000 
sure, psi. 
Weld time, cycles 8 s 
Weld current, amp. 22,500-22,700 22,500-22,700 
Time between weld 34 34 
and heat  treat- 
ment, cycles 
Time of heat treat- 


ment, cycles 
Heat treatment cur- 
rent, amp. 


Shear strength per 
spot, Ib. 

U-strength per spot, 
Ib 


Ratio: 


14,900-15,360 (66- 
68% of weld cur- 
rent) 

5250-5350 


3450-3550 


15,820-16,270 (70 
72% of weld cur- 
rent) 

6250-6350 


3100-3200 


U-strength 65-67% 49-51% 
to shear strength 
Distortion ratio 1.05-1.07 1.05-1.07 
Per cent indentation 0.00-1.0% 0.00-1.0% 
Spot diam., in. 0.310-0.320 0.310-0.320 
Type failure Ductile Ductile 


off between the passage of welding current and heat- 
treat current is important and critical. The meas- 
ured resistance to stresses normal to the welded surface, 
for welds properly heat treated, is double the value ob- 
tained for welds not heat treated. 


Weld Conditions 


Preliminary work on this 0.070-in. gage material es- 
tablished the optimum pressures as 25,000 psi. for the 
annealed material and 30,000 psi. for the half-hard mate- 
rial. The optimum electrode tip diameter was found 
to be ''/s-in., and for this tip size the above pressures 
result in 2325 and 2800 Ib. total electrode force, respec- 
tively. 

The optimum welding time was found to be 8 cycles, 
and the current required to produce the best welds in this 
time and at the above pressures was about 22,500—22,700 


These welding conditions were found to result in a weld 
diameter of about 0.320 in., which diameter approaches 
the electrode tip diameter used, and results in consistent 
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Fig. 2—Hardness Surveys Across Weld Section Near Interface, 
for Points in Fig. 1, 8-Cycle Welds, 0.070 In. Annealed 
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CYCLES BETWEEN WELD & HEAT TREATMENT 


Fig. 1—Critical Importance of Minimum Cooling Time Between 

Weld and Heat Treatment for Improved Weld Toughness of, 8- 

Cycle Welds in 0.070-in. Annealed and Half-Hard N-A-X High- 

Tensile Steel. Also Effect ¢ Refrigerated Coolants on This 
ime 


tearing failures of a single lap as-welded specimen when 
tested in shear. Thus, these welding conditions were 


used for the work of this investigation on the 0.070-in. 
material. 


Effect of Time Off Between Weld and Heat Treatment 


In this 0.070-in. material, as in the 0.040-in. material, 
the time off between weld and heat treatment was 
found to be very important and critical. The as-welded 
ratio of U-strength to shear strength was about 31% 
for the 0.070-in. gage annealed and about 26% for the 
0.070-in. gage half-hard. It was found that these ratios 
could not be increased by heat treatment until the time 
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Fig. 3—Hardness Surveys Across Weld Section Near Interface, 
for Points in Fig. 1, 8-Cycle Welds, 0.070 In. Half-Hard 
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Fig. 4—The Effect of Successive Reduction in Time of Heat 
Treatment, Down to 2 Cycles, Current Being Adjusted to Secure 
the Best Effect for Each Time of Treatment. 8-Cycle Welds, 
0.070 In. Annealed and Half-Hard N-A-X High-Tensile Steel 


off approached 31-32 cycles whence the ratio of U- 
strength to shear strength was quickly doubled. The 
results are shown graphically in Fig. 1, and hardness 
surveys for the welds of Fig. 1 are shown in Figs. 2 and 3. 
It will be noticed that the ratio of U-strength to shear 
strength drops below the as-welded value for heat-treated 
welds m which the time off was not sufficient. This 
was also found to be true in the investigation of the 
0.040-in. gage material. A possible and logical expla- 
nation for this fact may be derived from a careful study 
of the hardness surveys shown in Fig. 2. From this 
figure it is evident that the as-welded survey shows the 
heat zone to be very hard, and the junction of the heat 
zone and the weld itself is also very hard. There is 
only a slight hardness gradient through the heat zone 
and into the weld to a depth of about 0.03 in. of the weld 
itself. It has been shown by photoelastic studies of 
spot welds made in plain low carbon steel, that the 
greatest stress concentration is located at the junction 
of the weld and heat zone. This would be expected 
since the heat zone is not actually fused. Also in plain 
low carbon steel there is very little hardness gradient 
between heat zone and weld, and both are comparatively 
soft. In the as-welded specimen of this high-tensile 
steel, however, the actual hardness of both heat zone 
and weld are comparatively high. Thus, since there is 
little hardness gradient from heat zone to weld and since 
the hardness of both is considerably higher than that 
of the base metal which surrounds the outside of the 
heat zone, it would be expected that much of the stress 
concentration of the U-test would be located at the 
junction of the base metal and the heat zone. This 
would give a greater area to absorb the applied stress 
than would be the case if the entire stress were concen- 
trated at the junction of the heat zone and the weld. 
Now consider the survey marked 2 and 3. These 
welds were heat treated, but the time off between weld 
and heat treatment was not sufficient. The U-strength 
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Fig. 5—Heat-Treat Current Required for Best Effect at Various 
Times of Treatment. Current Corresponding to Those Used 
for Points in Fig. 4 


of these welds was considerably I4wer than the U- 
strength of the as-welded specimen whose hardness it 
shown in survey 1. Survey 2 and 3 shows that the heas 
zone has been greatly softened but that the weld itself 
is still very hard. There is a pronounced hardness 
gradient between the heat zone and the weld. This hard- 
ness gradient at the junction of the weld and heat zone 
would actually tend to increase the stress concentration 
at this junction where most of the stress has already been 
concentrated as an inherent result of this type of normal 
test. This junction of weld and heat zone is perhaps the 
least able to withstand high normal stresses, since it is 
the origin of the ingrowing dendrites. Thus it would be 
expected that welds showing the hardness survey marked 
2 and 3 of Fig. 2 would exhibit very low strength values 
in the U-test. This is confirmed by the low values 
shown for these welds in Fig. 1. These welds had a 
low U-strength; they pulled no plug whatsoever, and 
split apart suddenly in a very brittle fashion. 

Surveys 4 and 5 of Fig. 2 show that the time off has 
been sufficient to allow both the heat zone and weld to 
cool below the martensite-forming temperature, so 
that the heat-treating current has been effective in 
tempering these structures. The heat zone is not much 
softer than the heat zone of survey 2 and 3, but the 
weld zone is very much softer and especially the junc- 
tion between heat zone and weld. In surveys 4 and 5 
there is very little hardness gradient from heat zone to 
considerable depth of the weld, and both are com 
paratively soft. These welds give U-strength to shear 
strength ratios which are comparable to ratios obtained 
in spot welds of low carbon, mild steel 

Rehardening at the center of the weld does not lower 
or affect the U-strength values. The important area is 
the 0.02 to 0.04 in. of the weld which borders the heat 
zone. The conclusive fact is that the heat treatment 
should be directed at softening the heat zone and the 
weld area bordering the heat zone to as low a value as 
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possible, with a minimum hardness gradient across this 
heat zone to weld junction. 

An analysis of the surveys of the half-hard material 
in Fig. 3 in connection with their corresponding points 
of Fig. 1 again bears out the conclusions derived from 
Figs. 2 and 1. 

The critical time off for this 0.070-in. gage material 
was found to be about 32 cycles. This value is consider- 
ably higher than the critical time off of 12 cycles which 
was found to be sufficient for the 0.040-in. material. The 
increase from 12 to 32 cycles, however, is in fair agree- 
ment with mathematical prediction of the cooling rate 
of spot welds, which indicates that the cooling rate should 
be inversely proportional to the square of the gage thick- 
ness. 

It is interesting to note the effect of refrigerated cool- 
ants on the time off between weld and heat treatment. 
Curve 3 of Fig. 1 shows that lowering the coolant tem- 
perature from 18° C. (as was normally used in this en- 
tire investigation) to 3° C. only decreases the time off re- 
quired by two or three cycles. This would indicate 
that in order to lower the time off an appreciable amount 
would require coolants which are refrigerated to very low 
temperatures, in which case the cost of refrigeration 
would have to be balanced against the economics of a 
possibly increased production speed. 

Typical examples of the actual U-strength and shear 
strength values are shown in the following table: 


0.070 In. 0.070 In. 
Annealed Half-Hard 

Shear strength, as-welded 5200-5300 Ib. 6200-6300 Ib. 
U-strength, as-welded 1600-1700 Ib. 1600-1700 Ib. 
U-strength/shear strength ratio 31% 26% 
Shear strength, heat treated 5300 Ib. 6200 Ib. 
U-strength, heat treated 3500-3600 Ib. 3100-3200 Ib. 
U-strength/shear strength ratio 65-67% 49-51% 


Table values are for welds having a spot diameter of 0.310-0.320 


Effect of Time of Heat Treatment 


Figure 4 shows that the advantages of the heat treat- 
ment can be obtained in a few cycles time. This was 
found to be the case in the investigation of the 0.040-in. 
material. The optimum current settings for these 
times of heat treatments were first roughly determined by 
a chisel test. Groups of specimens were then made in 
this predetermined vicinity, and the optimum setting 
was then obtained accurately by the ratios of U-strengths 
to shear strengths. The points in Figs. 4 and 5 corre- 


spond to the optimum current settings for their respective 
times of heat treatment. 
Figure 5 shows that the current required for heat 


treatment rises rapidly when heat treating at less than 5 
cycles. 


In cases where production speed permits, it 


would be advisable to use heat-treatment times in the 
vicinity of from 5 to 10 cycles. These times will result 
in a considerably larger area of soft weld metal with less 
rehardening at the center than will the very short times 
The results can be obtained with the very short times 
but the conditions must be established more accurately 
to insure maximum softness at the weld and heat zone 
junction, as before explained, which makes the very 
short times somewhat more critical. Heat treatments of 
from 5 to 10 cycles would allow more leeway on this 
0.070-in. material. Heat treatments longer than 10 
cycles have no advantage, and are not necessary. 

In thinner gages, where smaller electrode diameters 
are used, it seems possible that the optimum heat- 
treating current may be 100% of the weld current, if the 
time of heat treatment is properly selected to a time 
shorter than that used for welding. 

With respect to heat-treatment times, it seems that a 
good and simple rule to follow would be to heat treat in 
times which approximate the welding time required. 
If the gage thickness requires 8-cycle welds, then an 8- 
cycle heat treatment would be very good. If the gage 
thickness requires 6-cycle welds, then a 5- or 6-cycle 
heat treatment would be most advisable. 

It will be noticed in this report that the maximum 
ratio of U-strength to shear strength obtained for the 
0.070-in. material annealed is about 67%. This value is 
somewhat higher than that obtained for the best condi- 
tions with the 0.040-in. material annealed. The report 
on the 0.040-in. material shows the best value obtained 
for the 0.040-in. gage annealed was about 61%. This 
difference between the 0.040-in. and 0.070-in. material 
is probably explained by the fact that in the original 
investigations of the 0.040-in. gage annealed, the new 
phase control panel was not available. This meant the 
time off between weld and heat treatment was always 
very long and could not be shortened to values just above 
the critical value. Hence it is likely that the very best 
conditions were not obtained on the 0.040-in. annealed 
material. 

The points for the hardness surveys were taken in the 
same manner as shown in Fig. 10 of the report on the 
0.040-in. gage material.* 

The microstructures of the as-welded and heat-treated 
welds of this 0.070-in. gage material are very much the 
same as those shown in Figs. 11 and 12 of the report on 
the 0.040-in. gage material.* 


Summary 


The summary and general conclusions of the first 
report, written on the 0.040-in. gage material, can be ap- 
plied to this report, and they have been more com- 


pletely confirmed by the work on the 0.070-in. gage 
material. 


* April 1942 issue Research Supplement, The Welding Journal. 
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Interpretation of Experiments on 
Fatigue Strength of Metals Subjected 
to Combined Stresses 


By Joseph Marin' 


Summary 


HERE are only a few experimental results pub- 

lished on the fatigue strength of metals and alloys 

subjected to combined stresses and no attempt 
has been made to give a general interpretation of this 
test data. The object of this paper is to summarize the 
tests made and to interpret these experiments by using 
a general failure theory developed by the writer. A re- 
view of the literature shows a need for further experi- 
mental work in this field of investigation. This is due 
to the few test results available and to the discrepancy 
between the experiments reported. The discussion is 
confined mainly to ductile materials since most of the 
work reported has been for such materials. 


Introduction 


It has been common practice to use a modified static 
shear theory of failure for the design of members sub- 
jected to combined fatigue stresses. An example of this 
procedure is that used for rotating shafts loaded to pro- 
duce bending and twisting.’ Provision for the reduced 
strength caused by the fatigue stress condition intro- 
duced by rotation is made simply by replacing the bend- 
ing moment by an equivalent static moment and thereby 
providing for the fatigue stress condition. The equiva- 
lent static moment for a rotating shaft without shock 
loads is arbitrarily taken as 1.5 times the actual moment. 
This 50% increase in load has been found by recent ex- 
periments to be considerably in error. Two theories of 


* Contribution to the Weld Stress Committee, Industrial Research Division, 
Welding Research Committee. 
t The Pennsylvania State College, State College, Pa. 
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failure have been proposed which are in better agreement 
with test results. One of these theories was developed 
by Soderberg,? and retains the concept of shear as a cri- 
terion of failure but provides for different combinations 
of the maximum to the minimum stress values. An- 
other theory was proposed by the writer® and is found 
to agree best with the test results available. For this 
reason it will be briefly presented and will be used for the 
interpretation of test results to follow. 


Theory of Failure for Combined Fatigue Stresses 


Simple Stresses.—In order to develop a theory for com- 
bined stresses the case of axial fluctuating stresses must 
be considered since usually only tests with standard 
simple stress fatigue machines are available. The case 
of simple fluctuating stress is represented in Fig. | and 
can be considered as a static mean stress S,, upon which 
is superimposed a completely reversed stress S,. When 
S, = 0, the stress is entirely static, and for a ductile ma- 
terial failure will be defined (as shown by point C, Fig. 2) 
when the stress S,, = S,,, the yield point or proof stress 
of the material. When S,, = 0, the stress varies from 
+S, to —S, and complete reversal of stress occurs such 
that the material fails (as shown by point A, Fig. 2) at 
a stress Sux. = S, = S,, the endurance limit for com- 
plete reversal of stress. For the general case of axial 
stress between these limiting conditions, the maximum 
stress at failure (Sis. = S, + S,) has a value different 
from S,, or S,. Its magnitude depends on the ratio of 
S,, to S, and must be determined by experiment. A 
summary of axial fatigue stress results** shows that a 
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linear variation between points A and C, represented 
by the straight line AC (Fig. 2), is a good approxima- 
tion. The equation of the line AC is 


Smax. = (1 — m)S,, + S, (1) 
where m = S,/S,,. 


That is, for a mean stress S,, the maximum stress pro- 
ducing failure by fatigue is represented by the ordinate 
DE. 


Combined Stresses——For static combined stresses a 
number of theories defining failure have been developed.‘ 
For ductile materials it is now usually recognized that 
the distortion energy theory agrees best with test re- 
sults. The proposed theory for combined fatigue stresses 
also defines failure as a function of the distortion energy. 
For this purpose it is expedient to determine another 
fundamental relation for axial stress in place of equation 
1; namely, an equation in terms of distortion energy. 
To do this the distortion energies corresponding to the 
stresses Sax. and S,, can be shown to be Vinx. = {(1 + 
/3E} and V, = {(1 + u)/3E}S*, where p = 
Poisson’s ratio and E = the modulus of elasticity. Then, 
from equation 1, 


V Vow. = (1 — + (2) 
3E 
That is, for a specific value of the distortion energy V,, 
corresponding to the mean stress S,,, the value of the 
maximum distortion energy Smax. at failure is given by 
the value of Vmax. in equation 2. 

For a combined state of two-dimensional stress the 
stress values at any instant of time are shown in Fig. 2. 
As the loads producing these stresses fluctuate, con- 
sider that the maximum values of these stress com- 
ponents are S,’, S,’, S,’ and the mean values S,”, S,” and 
S,". It will be assumed that each of these sets of stress 
values occurs at the same instant of time. This is a 
justified assumption since in most applications the loads 
are synchronous and produce such a condition. The 
distortion energies corresponding to the maximum and 
mean stress components are, respectively, 


— (S,) (S,) + (S,")? + 
3(S,’)? 

V, = [(S,")? — (S,")(S,")? + (S,")? + 
3 


WELDING RESEARCH SUPPLEMENT 


Then by this maximum distortion energy theory it will be 
assumed that failure occurs when the value of Venax., aS 
defined by equation 3 becomes equal to the distortion 
energy Vmax. of equation 2 corresponding to axial stress. 
This condition also requires that the values of the dis. 
tortion energies corresponding to the mean stresses be 
equal. Then, substituting the values of Vaux, and V, 
from equation 3 in equation 2. 


S, = V(S,')? (S.) + (S,? + = 


(4) 


(1 — m) V(S,")? (S,") (S,") + (S,")? + 
This means that for given values of the stresses 5S,”, 
S,”, S,”, S,’ and S,’, the value of the stress S,’ for failure 


by fatigue is given by the value of the stress in 
equation 4. 


It is now possible with the formulation of this theory 
to proceed with the summary and interpretation of ex- 
periments on combined fatigue stresses. 


Interpretation of Experiments on Combined Fatigue 
Stresses 


(A) Principal Stresses of Opposite Sign 


Torsion Tests—A comparison of fatigue test values 
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in torsion with axial or bending stresses gives the effect 
of a combined state of stress for the special case where 
the principal stresses are of equal magnitudes and op- 
posite sign. Some of the earliest experiments of this 
kind were made by Mason.’ These experiments were 
made on a “mild steel’ with 0.12% C, and compared 
the strength in torsion with that in bending for complete 
stress reversal. Specimens of hollow cross section tested 
in torsion had an average fatigue strength of 5.50 tons 
per square inch, while specimens of solid cross section 
averaged +5.75 tons per square inch. The strength 
in bending for complete reversal averaged +11.0 tons 
per square inch for both hollow and solid specimens. 
These test results give values of the principal stress ratios 
x = §,'/S, = 0.5 or 0.52, and y = S,’/S, = —0.5 or 
—0.52. For the case of reversed torsion the theoretical 
stress ratio of x = S,/S, is 
x = S,/S, = 0.58 (5) 

since in equation 4 S,’ = S,’ = S,”" = S," = S,”" = 0 
and S,’ = S,’ = S,’. The use of the endurance limit 
in reversed bending for S, may introduce some error in 
comparing these tests with theory. There is evidence, 
however, that in fatigue the strength under axial and 
bending stresses is about the same. 

Other torsion experiments for complete stress re- 
versal have been reported. Many of the earlier tests are 
summarized by Moore and Gough.® For ductile metals 
and alloys the stress ratios x and y at failure vary from 
0.49 to 0.60 with an average value of 0.56. 

Fatigue experiments on reversed torsion were also 
made by Ludwik,’ on various steels and nonferrous duc- 
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tile metals. These tests showed an average stress ratio 
for x and y of 0.575. On the basis of the values of 0.56 
and 0.575, representing a large numaber of tests, good 
support is afforded for the distortion energy theory since 
it requires a value of 0.58. 

Static Torsion and Reversed Bending.—Some combined 
fatigue stress experiments have been made by subject- 
ing specimens of circular cross section to static torque 
superimposed on completely reversed bending stresses.* 
Two materials were tested—a nickel-chrome alloy steel 
and a “‘mild steel.”” Various ratios of static twisting to 
fluctuating bending moments were used in these tests. 
The endurance limits are represented in Fig. 4 for dif- 
ferent values of the shear stresses. To compare these 
test results with the distortion energy theory it is only 
necessary to note that in equation 4 S,’ = S,”" = S 


Ye 
S,’ = S,” = 0 and S,” = 0. Then equation 4 becomes 
S, = + S2 (1 — m)V3/4 S, (6) 
This equation is plotted in Fig. 4 for comparison with the 
test results. The equation was fitted to the test points 
representing bending with no torque and torque without 
bending. 

Experiments on combined fluctuating bending and 
static torsion were also made by Davies.’ These tests 
were made on nickel and nickel-chrome alloy steels. 
The results are summarized in Fig. 5 in a manner similar 
to that of Fig. 4. The distortion energy theory is also 
shown in this diagram for purposes of comparison with 
the test results. 

Some experiments with combined static torsion and 
fluctuating bending on carbon, nickel and nickel-chrome 
steels were made by Ono.” The test specimens were of 
a solid circular cross section 6 to 8 mm. in diameter with 
a constant diameter over a length of 45 or 60 mm. The 
conclusion reached was that the presence of a static 
torque load below a certain limit did not influence the 
endurance limit in bending. 

Fluctuating Torsion and Fluctuating Bending.-A 
comprehensive investigation of fatigue strength under 
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combined stresses was made at the National Physical 
Laboratory and the test results obtained have been re- 
ported by Gough and Pollard.’ These experiments 
were made on specimens of solid circular cross section 
subjected to combined fluctuating twisting and bending 
moments. Various ratios of the principal stresses were 
considered by varying the ratio of the bending to twist- 
ing moments. All the tests were made for complete re- 
versal of stresses. For the principal stresses S; and S, 
from equation 4, since S,” = S,” = S,” = 0, S,’ = Sy’, 
S,’ = S,’ and S,’ = 0, then 


— + = S, (7) 


(8) 


where x and y are the stress ratios x = S,/S, and y = 


S2'/S,. 


A plot of equation 8 is shown in Fig. 6 for comparison 
with test results. 

The experiments were made on three kinds of steel— 
a 0.1% carbon steel, a 3.5% Ni-Cr steel which was oil 
hardened and tempered, and a 0.32% C alloy steel. The 
values of the stress ratios x and y were calculated from the 
test values reported and are plotted in Fig. 6. An ex- 
amination of this figure shows that there is good agree- 
ment between tests and theory for the 0.1% carbon 
steel, and for the other tests this theory is on the safe 
side of the results. In Fig. 6 the shear theory is also 
shown for purpose of comparison. 

A number of experiments were also made by Gough 
and Pollard on cast iron. These results are shown in 
Fig. 7 plotted on the same coordinate axis as Fig. 6. In 
the case of these test results a maximum stress theory of 
failure seems to be a good approximation. 


or 


(B) Principal Stresses of Same Sign—Both Tensile 


Only a few fatigue experiments have been reported in 
which the principal biaxial stresses are both tensile. 
These tests were made by Maier" on thin-walled cylin- 
drical tubes subjected to fluctuating internal pressure 
and static axial tensile loading. Two materials were 
tested—a “‘soft’’ steel and a cast iron. The specimens 
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were 150 mm. in length, 33 mm. in outside diameter 
and 28 mm. in inside diameter. The pulsating interna] 
pressure was applied by a compressor cylinder which was 
connected to a specimen attached in an Amsler testing 
machine. The fluctuations of stress were at a rate of 
330 per minute. The conclusion reached in this inves- 
tigation was that the endurance limit is not affected by 
the principal stress ratio. It should be noted that these 
experiments were few and do not cover all fatigue stress 
possibilities for tensile stresses. 


Conclusion 


Only a tentative conclusion can be reached on the 
basis of the experimental results available. For ductile 
materials in which the biaxial principal stresses are of 
opposite sign the distortion energy theory is a good ap- 
proximation. For principal tensile stresses there is not 
sufficient evidence to arrive at even a tentative con- 
clusion. For both combinations of fatigue stresses there 
is need for much experimental work. The work of the 
Sub-Committee on Weld Stresses of the Welding Re- 
search Committee, with Everett Chapman, President, 
Lukenweld, Inc., as Chairman, is attempting to obtain 
this information. A new type fatigue testing machine 
has recently been built which subjects tubular specimens 
to fluctuating axial tension and fluctuating internal 
pressure, and some preliminary test results have been 
obtained under combined fatigue stresses. The machine 
was designed by 


Everett Chapman, President, Lukenweld, Inc., Coates- 


ville, Pa. 
Colonel G. F. Jenks, Ordnance Dept., Washington, 
D.C 


M. F. Sayre, Professor of Mechanics, Union College, 
Schenectady, N. Y. 

J. Marin, Professor of Engineering Mechanics, Penn- 
sylvania State College, State College, Pa. 


The preliminary tests for this project were conducted 
by the writer at Illinois Institute of Technology. Be- 
ginning February 1, 1942, this work has been under the 
direction of L. H. Donnell, Professor of Mechanical Engi- 
neering, Illinois Institute of Technology, Chicago, Ill. 
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The Effect on the Endurance Limit of 
Submerging Fatigue Specimens in a 


Cold Chamber 


By O. H. Henryt and Thomas D. Coyne? 


Introduction 


HE determination of the physical properties of 

metals at low temperatures has been somewhat 

slighted in the past—in all probability due to scant 
demand for such information and also because of the 
expense of running such tests. However, in the past 
decade or so, investigation of the behavior of metals at 
low temperatures has been stimulated. Industries, such 
as those dealing with problems in refrigeration, have 
developed processes requiring the exposure of metals to 
sub-zero temperatures. The extremely rapid growth of 
commercial aviation has brought forth problems of 
designing parts to withstand fatigue and shock over a 
wide temperature range. It is also desirable to investi- 
gate the physical properties of welds at low temperatures, 
since the use of welding has increased tremendously in 
recent years. As soon as accurate and practicable 
methods of testing welded joints are perfected, the field 
will no doubt become of paramount importance. 


Theory of Short-Time _ of Temperature Fatigue 
ests 


The rise of temperature fatigue test was developed by 


* Abstracted from a thesis originally submitted by Thomas D. Coyne in 
partial fulfillment of the requirements for the degree of Bachelor of Mechanical 
Engineering at the Polytechnic Institute of Brooklyn. A contribution to 
the Fundamental Research Division, Welding Research Committee. 

t Associate Professor of Metallurgical Engineering, Polytechnic Institute of 
Brooklyn. 

' } Student at time of presentation of thesis, Polytechnic Institute of Brook- 
yn. 


Stromeyer, an English engineer, and later by Putnam and 
Harsch at the University of Illinois. In this test the 
specimen is subjected to cycles of repeated stress for 
several minutes and the temperature of the specimen 
measured. The stress is then increased, and after 
several minutes the temperature of the specimen is again 
measured. This procedure is continued until there is a 
distinct break in the stress-temperature curve. The 
stress at which this break occurs is taken as the endur- 
ance limit of the material. 

The chief cause of the production of heat in a specimen 
subjected to cycles of repeated stress appears to be me- 
chanical. It has been observed that in a complete stress 
cycle from maximum to minimum stress a hysteresis 
loop is formed even by elastic materials. Thus in Figure 
1 (a), the loading curve is represented by ab, while bc 
represents the load removal curve.* Only one-half of 
the stress cycle is shown for the sake of convenience. If 
the elastic range of the material has not been exceeded, 
the two curves will form a closed loop known as a hys- 
teresis loop. The size and extent of this loop is depend- 
ent upon the character of the material, the magnitude of 
the stress and the previous treatment of the specimen, as 
follows: 

1. Materials with high elastic strength, as a rule, have 
smaller hysteresis effects. Certain non-ferrous metals 
exhibit marked hysteresis effects at low stresses. 

2. The area of the hysteresis loop is directly dependent 
on the range of stress, as can be seen from Figure 1 (0), 
for both elastic and plastic materials. Certain metals, 
and especially a few in the non-ferrous group, exhibit 
some degree of permanent set even at stresses below the 
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Fig. 1—Hysteresis Loops 
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elastic limit under repeated stress. This factor must be 
accounted for in the establishment of a theory of fatigue 
failure. 

3. The previous treatment of the specimen, such as 
heat treatment, cold working, overstressing, etc., affects 
the constitution of the metal and also the size and shape 
of the hysteresis. 

If the stress applied to the specimen remains below the 
elastic range of the material, the loop will remain closed. 
The area of the loop will, of course, increase as the stress 
increases. When the stress is increased above the 
elastic limit of the material, however, the stress-strain 
curve will appear as shown in Figure 1 (c). At the end 
of each cycle there will be a permanent set, d. It would 
appear that the specimen would soon fail by fatigue if 
the stress cycle were tobe continued. Actually, however, 
if the stress is not too far above the elastic range, the 
structure of the specimen may be able to readjust itself 
so as to present again a stress-strain curve with a closed 
hysteresis loop. This theory is confirmed in part by the 
presence of adjustment slip-lines in micrographs of 
stressed specimens. If the stress is then increased still 
more a third state is reached, that of disintegration or 
failure. The permanent set after each cycle accumulates 
and the readjustment process can no longer strengthen 
the metal. Eventually the crack that is formed weakens 
the metal sufficiently to cause fatigue failure. In the 
case of some metals, such as monel and duralumin, the 
crack seems to form at stresses which do not cause hys- 
teresis loops of appreciable size. 

The area within the hysteresis loop is a representation 
of the net work which the specimen receives from each 
cycle of repeated stress. This work on the specimen is 
evidenced in the form of heat in the specimen. Since 
the area of the hysteresis loop varies directly as the mag- 
nitude of the applied stress in the elastic range, the rela- 
tion between stress and temperature of specimen is ap- 
proximately linear for ferrous metals, as shown in Fig. 
2. Curves for a few non-ferrous metals indicate that the 
relation between stress heat generated is only approxi- 
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Fig. 2—Stress-Temperature Curves Showing Stages of 
Hysteresis . 


mately linear, and only at very low stresses, as indicated 
in Fig. 2. 
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When the metal passes from the first stage of complete 
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Fig. 4—Form of Test Specimen 


elasticity to the second stage of semi-plasticity, the area 
of the hysteresis loop is increased more rapidly in pro- 
portion to the stress. This results in a more rapid rise of 
temperature and the linear relation is discontinued in 
favor of a diverging curve. When the third stage is 
reached, the temperature rises considerably with a very 
small increase in stress. The endurance limit of the 
specimen is usually considered as the stress at which the 
linear relationship ends. It can readily be imagined from 
Fig. 2 that this method would be effective only in the 
case of ferrous metals. This is precisely the case. Tests 
on ferrous metals indicate good coincidence between the 
break in the curve and the endurance limit as deter- 
mined by long-time tests. 


Fatigue Testing Machine 


The fatigue testing machine used is of the reversed 
flexure rotating spring type. Figure 3 shows the ma- 
chine as used for tests at room temperatures. The hair 
felt insulation is used to prevent changes in the tempera- 
ture of the surrounding air from affecting the results of 
the tests. As the motor rotates the circular head, the 
end of the specimen carried in the ball race describes a 
circle whose radius is equal to the eccentricity of the ball 
race. Since the other end of the specimen is fixed, causing 
a cantilever effect, it may be seen that for one complete 
revolution of the eccentric head the fibers of the specimen 
have passed through alternate stages of maximum tension 
and maximum compression. 

The machine is driven by a one-quarter horsepower 
Emerson D.C. compound field motor. The form and 
dimensions of the specimen used are shown in Fig. 4. 

In order to use the testing machine at low tempera- 
tures, several changes were necessary. Since the motion 
of the specimen near the ball race is considerable, it was 
evident that a cold chamber could not be effectively 
sealed at both ends in a horizontal position. It was 
therefore decided to tilt the testing machine so that its 
shaft would be at an angle of approximately 45° with 
the horizontal. With the machine in this position, it 
would then be possible to allow an opening in the upper 
end of the cold chamber for the specimen to move about. 
(See Fig. 5.) 

In order to reduce heat transmission as much as pos- 
sible, two concentric containers were made of copper 
sheet, as indicated in Fig. 6. A layer of hair felt insula- 
tion was placed between the two metallic surfaces, and 
another layer of insulation around the outer container. 
The cover for the upper end of the container has a layer 
of hair felt on its outer surface. The packing arrange- 
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ment at the lower end of the container is shown in the 
sketch Fig. 6. The base of the collar is brazed on the 
inner container. Cotton waste was used as the packing 
material. When the cold chamber is in its proper posi- 
tion, the liquid will surround the specimen to a point 
approximately 3'/, in. above the critical section. Figure 
5 indicates the relative position of the cold chamber with 
respect to the entire machine. 


Material 


The material for the specimens was purchased from 
the Scully Steel Products Company, Newark, N. J. The 
stock consisted of '/,-in. hot-rolled cArbon steel of the 
following average chemical composition: carbon, 0.25; 
manganese, 0.67; sulphur, 0.02; phosphorus, 0.014. 

These rods were machined in the form indicated in 
Fig. 4. A general view of the microstructure of the 
material etched with 5% nital is shown in Fig. 7, magni- 
fied 100 and 500 times. From the 100 magnification, it 
appears that the steel does not contain more than 0.20 
carbon. MnS globules can be seen in the 500 magnifi- 
cation. 

The alcohol used for obtaining all sub-zero tempera- 
tures was denatured alcohol. The desired temperature 
in the bath is obtained by adding dry ice in small 
amounts, lowering the temperature to the desired point. 
The temperature of the bath and specimen is measured by 
means of two chromel-alumel thermocouples. 


Fig. 5—Arrangement of Apparatus for Conducting Low- 
Temperature Tests 
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Testing Procedure 


The thermocouple indicating the temperature at the 
throat of the specimen is securely bound to the specimen, 
which is then placed in the cold chamber. After the 
packing nut has been tightened, the cold chamber is 
placed in position on the testing machine and secured. 
The cooling medium is poured into the chamber, and, in 
the case of zero and sub-zero temperatures, cracked ice 
and dry ice, respectively, are added. Sufficient time is 
allowed the specimen to reach its minimum temperature. 
At the lower temperatures, approximately one-half hour 
was allowed for this purpose. The thermos bottle which 
acts as a common cold junction for both thermocouples is 
filled with cracked ice and water. 

When the proper conditions exist in the bath, the load 
is applied and the motor started. After a five-minute 
run, the potentiometer readings in millivolts are taken 
for the bath and specimen thermocouples. The motor 
is then shut off and the load increased. After adjusting 
temperature conditions in the bath, another run is started 
and the procedure repeated. The potentiometer circuit 
is balanced against the standard cell before each set of 
reading is taken on the potentiometer. These five- 
minute runs are continued until an apparent break in the 
relation of stress to temperature has been noted, at which 
time the test is concluded. 


Test Data 


A total of eighteen tests were conducted over a tem- 
perature range from room temperature to —70° C. 
Three tests were run at each of the following tempera- 
tures; 20°, 0°, -20°, —40°, —60° and —70° C. 

A sample stress - temperature curve for determination 
of endurance limit by ‘Rise of Temperature” method is 
shown in Fig. 8 
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Conclusions 


Tabulating the results of the foregoing tests to indicate 
the effect of temperature on endurance limit, a small rise 
of endurance limit is evident as the temperature of the 
specimen decreases, as shown by the following values: 


Temperature Three Test Values of Average 

of Specimen, Endurance Limit, Endurance Limit, 
Lb. /Sq.-In. Lb. /Sq.-In. 

20 30,600—30, 100—30,000 30,230 

0 31,700-31,500—29,900 31,030 

—20 32,400-32,200—30,400 31,670 

—40 34,500-34,000—34,000 34,170 

— 60 35,400-35,000-34,400 34,930 

—70 37,000-36,500—36,500 36,670 


Figure 9 shows the maximum and minimum values of 
estimated endurance limit plotted against specimen tem- 
perature. The maximum values plot approximately 
into a straight line of slight inclination. This graph 
shows the relative agreement among the tests at each 
temperature. It may be seen that the best agreement 
was obtained at low temperatures. In Fig. 10 the aver- 
age of the three tests at each temperature is plotted 
against the specimen temperature. The average of the 
two tests at each temperature in closest agreement is also 
shown plotted against specimen temperature, being 
represented by the dotted lines. The two-test method 
gives a series of points lying more nearly on a straight 
line than those of the three test average. From these 
results it seems safe to conclude that as the surrounding 
temperature decreases, the endurance limit of the steel 
tested increases fairly uniformly af a rate of approxi- 
mately 0.2% per degree Centigrade drop. 

There are several points in connection with the tests 
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Fig. 7—General View of Microstructure 


which are worthy of notice. The first point is in regard 
to the slope of the stress-temperature curve sloped to- 
ward the right, yet on several occasions the slope was 
reversed, being toward the left. Upon segregating 
those tests which showed a curve sloping toward the 
left, it was noticed that these curves were for tests at 0°, 
—60° and —70° C. It was also noted that at these 
temperatures the relative amount of solid cooling matter, 
that is, cracked ice and dry ice, was considerably greater 
than for the other tests. Reasoning from these two 
facts, it might be quite possible that the increase in mo- 
tion of the specimen, due to greater eccentricity as the 
load increases, caused the specimen to come in contact 
with the solid matter more frequently and thus become 
cooler as the stress was increased. This explanation is, 
of course, problematic, yet the facts upon which it is 
based lead the authors to believe that it is the only plaus- 
ible explanation for the occurrence. 

The second point concerns the occurrence in several 
tests of potentiometer readings which indicate the cooling 
of the specimen immediately preceding the endurance 
limit. These points may be noticed in the tests at — 60° 
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Fig. 8—Sample Stress-Temperature Curve for Determination 
of Endurance Limit by Rise of Temperature Method 
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and —70° C., and also to a lesser degree in the tests at 
—40° C. Why the specimen suddenly cools before 
passing the endurance limit is not easily explained, nor is 
it any simpler to account for this occurrence at low tem- 
peratures only. It is extremely doubtful that these 
points are simply due to errors, for extreme care was 
taken with the readings at these points. It might be 
noted, however, that these points all occur at a stress 
higher than the endurance limit at room temperature. 
Further, as stated in an earlier section, it is possible for 


in Zurich has completed a series of extensive tests 

on the mechanical properties of welded joints that 
had been under investigation at that Institute since 1936. 
Herein is a brief summary of the data obtained. 

All the tests discussed in the paper refer to metallic arc 
welds in soft, weldable, structural steel (T.S. = 50,000—- 
62,000 Ib./in.*) made with coated electrodes of low car- 
bon and manganese contents (C = 0.07-0.10%, Mn S 
0.48%). The types of joints investigated included: 
(a) normal or overhead butt welds in 10-45-mm. plates 
with the top bead left ‘tas welded’’ or machined flush 
with the surface and tested in either the non-heat- 
treated or the stress-annealed condition (1'/,-2 hr. at 
600° C.) (see Fig. 1); (0) fillet welded K-joint (sym- 
metrical tapered fillet), (Fig. 2); (c) end, side and 
non-tapered Tee fillet-welded joints (Figs. 3, 4 and 
5). The mechanical properties determined included 
the static tensile strength of the structure in both a 
parallel and a perpendicular direction to the joint, as 
well as its pulsating tension fatigue endurance limit (4,). 
For the latter test a 100-ton Amsler machine pulsating at 
350 cycles per minute was used. The applied tensile 
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* Abstract by H. H. Chiswik, Research Assistant, Welding Research Com- 
mittee, from a paper entitled “‘Festigkeit und Berechnungen von Schweiss- 
verbindungen,”’ Schweizer Archiv., 1 (9), 245-251 (1941). 


NORMAL POSITION 


¢+195"; 310 Amp. 
6.156"; 240 Amp. 
9.118"; 130 Amp. 
= 195"; 310 Amp. 


a specimen stressed slightly above its normal endurance 
limit to readjust itself so as to regain an elastic stress. 
strain curve. There is a possibility, therefore, that 
these points may be related in some manner with the 
efforts of the specimen to regain its elastic state, aided by 
low temperatures. The problem is an interesting one, 
and the author feels that additional testing in the low- 
temperature range by the rise of temperature method 
should be carried out before attempting any definite 
explanation. 


Static and Dynamic Strength of 
Structural Steel Welds 


By M. Ros 


pulsating stress varied between 0 as the lower limit and 
the ‘‘endurance strength’’ (6,) as the upper limit, the 
latter quantity being the maximum stress that the 
structure could withstand without failure under applica- 
tion of 10° reversals of full amplitude. Fillet-welded I- 
girders were tested for their bending fatigue strength in a 
25-ton Amsler machine with a frequency of 250-600 
cycles per minute. The dimensions of the I-girders 
were: height, 232-259 mm.; width, 160-200 mm.; 
webb thickness, 10-12 mm.; flange thickness, 15-20 mm. 


Butt Welds (V-Joint, Fig. 1) 


Weld Metal 


The mechanical properties of ‘‘all-weld-metal’’ speci- 
mens after various heat treatments are reproduced in 
Table 1. The specimens were cut longitudinally from 
butt joints welded in the normal position. 


Static T.S. of Welded Plate 


The welded 45-mm. plate showed an average T.S. 
value of 58,000 Ib./in.? This represents a 14% increase 
over the T.S. of the non-welded plate (51,000 Ib./in.’) 
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Fig. 1—Butt Welded Plates (¢ = diameter of electrode) 


254-s 


Heat 
“As wel 
Stress a 

2 hr 
Normal: 
920° 
Water-c 


and i 
metal] 
(tran: 
no in 
nealit 


Pulse 


ik 
} 
TRANS 
| Table 
from 
Elongat 
ongs 
2 50° 
* Spe 
mm.; t 
OVERHEAD POSITION Th 
prodi 
= ; 40° of th 
posit 
38 39 40 37 0 26, ,29 by al 
SF. meter 195"; Layers 4-%& \ 
‘S 290 Amp. 9-295"; 310 Amp, 
(a 
2 -118"; 130 Amp. 
4 25°26 
4 In n 
: note 
it wi 
1942 
& 


(a) 
j 


TRANSVERSE 


Fig. 2—Fillet Welded K-Joint 


Table 1—Mechanical Properties of ‘‘All-Weld-Metal’’ (C = 
0.07-0.10%, Mn 0.48%) 


Pulsating 
Tensile Notch* 
Fatigue Impact Vickers 
Wake Strength, Strength, Hardness, 
Heat Treatment Lb./In.2 Lb./In.2 Lb./In.* Mkg./Cm.? Kg./Mm.* 
“As welded” 64,000 70,100 39,800 9.7 158 
Stress annealed 53,200 62,000 38,400 11.4 150 
2 hr. 620° C.) 
Normalized 49,500 59,700 38,800 10.8 134 
920° C.) 
Water-quenched 62,700 85,200 41,000 11.1 176 
from 920° C 
Elongated 3% and 75,200 82,800 41,000 9.9 194 
aged 48 hr. at 
250° C 
* Specimen 10 x 10 x 55 mm. Notch diameter, 2 mm.; notch height, 2.5 


mm.; tested at 18° C. 


and is probably due to the effect of the stronger weld 
metal (71,000 Ib./in.*) in hindering cross-sectional 
(transverse) constriction. Machining of the weld had 
no influence on the static tensile strength. Stress an- 
nealing (2 hr. at 620° C.) lowered the T.S. about 10%. 


Pulsating Tension Fatigue Strength 


The pulsating tension fatigue strength values are re- 
produced in Table 2. As can be readily seen, machining 
of the welds raised the fatigue strength of the normal 
position welds by about 20%, that of the overhead welds 
by about 30%. Stress annealing had no effect. 


Fillet-Welded K-Joints (Fig. 2) 


Pulsating Tension Fatigue Strength (6,) 


(a) Transverse direction (Fig. 2 (b)) 
Non-machined 6, = 28,400 Ib./in.* 
Machined 6, = 29,900 Ib./in.* 


In non-machined welds the fatigue break occurred in the 
notch-sensitive transition zone; in the machined joints 
it was always in the plate. 
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STRUCTURAL DYNAMIC TESTS 


250-380 
= 25,600 | 
1b/inch 
158 | 
Tension 
b b 
h ht 
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-10,000 Il 
1b/sq.in. 
; I Tension = 28,500 
lb/sq.in. 
Compression j] Compression = -28,500 
1b/sq.in. 


Fig. 3—End Fillet Welded Joint 


(6) Parallel to weld direction (Fig. 2 (®)) 


Non-machined 6, = 28,400 Ib./in.? 

Machined 6, > 31,300 Ib./in.? 
Thus again, machining raised the fatigue strength by 
about 10%. 


G,-17,000-11,400 1b/inch* 


250 - 350 —12s+20— 250 - 350 
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13,000 
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-13,000 
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Compression 
Fig. 4—Side Fillet Welded Joint 
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Table 2—Pulsating Tension Fatigue Strength (5,) of Butt- 
Welded Joints (Lib./In.’) 


Welding Tests 1 Tests || 

Heat Treatment Position toSeam to Seam 

“As welded” Normal 25,600 28,400 
Overhead 

Stress annealed Normal 
(2 hr. 620° C.) Overhead 22,800 ...... 
Machined Normal 31,300 34,100 
Overhead 

Machined and stress annealed Normal 


2 hr. 620° C.) Overhead 31,300 


Fillet-Welded Joints (Figs. 3, 4 and 5) 


Static Tensile Strength 
The average values of the tensile strengths of the three 
types of fillet-welded joints were: 


End fillet joint, T.S. = 50,000 Ib./in.* (Fig. 3 (a)) 
Non-tapered Tee fillet joint, T.S. = 50,000 Ib./in.? 


(Fig. 5 (a)) 
(a) 
= 25,600 S| 
lb/inch2 5 
L 4 
200-300 [s' 200-300mm _| 
t 
Tension 
Compression 
25,600 
lb/sq.in. 


Tension 
25,600 
lb/sq.in. 


1b/'sq.in. 


Compression 


Fig. 5—Non-Tapered Tee Fillet Welded Joint 


Side fillet joint, T.S. ~ 40,500 Ib./in.? (Fig. 4 (a)) 


Pulsating Tension (5,) and Compression (0,) Fatigue 
Strength 


(a) Perpendicular to joint: 

In testing the tensile and compression pulsating fatigue 
strength perpendicular to the weld in the end fillet and 
non-tapered Tee fillet joints, fracture may occur either 
at the junction in the plate (Figs. 3 (a) and 5 (a)) or in 
the fillet weld, depending on the relative areas of the fillet 
contact surfaces (2h X b, Fig. 3 (b) and 5 (b)) and the 
cross section of the plate. The values reported below 
refer to the stresses that are required to produce failure 


min 7mm 


Fig. 6—Fillet Welded Reinforcing Strap 


is the area of the fillet contact surface. By making the 
contact surfaces large enough it is, of course, possible to 
ensure failure at the junction. 


Tension Compression 
End fillet joint 64 = 10,000 Ib./in.? —10,000 Ib. /in.* 
(Fig. 3 (b)) 


Non-tapered Tee 


fillet joint by & 10,000 Ib./in.? oy 


Il? 


13,000 Ib./in.? 


(Fig. 5 (b)) 
(b) Parallel to joint: ‘ 
Tension Compression 
End fillet joint 28,500 Ib./in.? 6, = 28,500 Ib. /in.? 
(Fig. 3 (c)) 
Non-tapered Tee 
fillet joint 6, = 25,600 Ib./in.? 6, = 25,600 Ib./in.? 
(Fig. 5 (c 
Side fillet joint 6, = 13,000 Ib./in.2 5, = 13,000 Ib./in.? 
(Fig. 4 


Fillet-Welded Reinforcing Straps 


Plates with a fillet ‘‘welded on”’ reinforcing strap (Fig. 
6) had a tensile pulsating fatigue strength of 21,300 lb./ 
in.* (as compared with 25,600 Ib./in.? for non-machined 
butt welds) at the junction, the tension being applied 
parallel to the weld. Tapering of the edges of the rein- 
forcing strap as well as rounding of the fillet weld corners 
is recommended. By specially careful grinding to pro- 
duce a smooth transition from weld to plate, the fatigue 
strength may be raised to 29,900 Ib./in.? 


I-Girders 


Of all the welded girders tested, the fillet welded K- 
joints possessed the highest bending fatigue strength— 
28,500 Ib./in.? for machined and 25,600 Ib./in.? for non- 
machined welds. The K-joint was placed in both flanges. 
Rolled girders in the same tests exhibited a fatigue 
strength 2 34,000 Ib./in.*, thus exceeding the value of 
the best welded girders by about 20%. Compared with 
riveted girders, however, the welded construction was 
superior, since the former had a fatigue strength value 


by fatigue in the fillet weld, i.e., 6, = Prose where 2h X 6 (29,500 Ib./in.?)—about 33% below that of the rolled 
2hb girders. 
256-s WELDING RESEARCH SUPPLEMENT MAY 


TI 


\| 


alum 
is hi 
imag! 
distr 
both 
vidu 
pres 
met] 
fron 
spot 
beer 
beer 
to tl 
for. 
datz 
the 
repe 
ope 
0.05 
mac 
the 
wer 
trez 
tras 
Oal 
effe 
tha 
resi 
inc 
ver 
sur 
obt 
the 
int 
for 


* 
Lab 
This 
Cor 
Wel 
be i 
mat 

+ 


~50° 
7mm 
Ser “My 
“Wy, 
ny, 
A 
| 
10, 
t= 
h 
13,000 
4 
ox 
MAE 


THE ENGINEERING FOUNDATION 


Welding Research Committee 


Sponsored by the American Welding Society and American Institute of Electrical Engineers 


Supplement to the Journal of the American Welding Society, June 1942 


Aircraft Spot Welding Research 


An Investigation of the Surface Treatment of Alclad 24S-T 
in Preparation for Spot Welding 


Introduction 


HE characteristic oxide film, which is present on 

aluminum surfaces, has always been a serious 

problem in the spot welding of aluminum and 
aluminum alloys. The electrical resistance of this film 
is high and irregularities in its conductivity affect the 
magnitude of the current conducted and the current 
distribution over the contact areas. Consequently, 
both the amount and distribution of heat are irregular. 
These irregularities are reflected in the quality of indi- 
vidual welds and in their consistency. Up to the 
present time many different chemical and mechanical 
methods have been used for removing the oxide film 
from the surfaces of these materials in preparation for 
spot welding. While nearly all of these methods have 
been used extensively in production, none of them has 
been considered entirely satisfactory. Furthermore, up 
to the present time no simple method has been developed 
for determining surface conditions, and as a result, no 
data on surface treatment have been available. 

The purpose of this investigation was to determine 
the effects of surface conditions and treatments on the 
contact resistance at the surface of Alclad 24S-T. This 
report describes methods of measuring contact resistance 
both before welding and during the actual welding 
operation. These methods were applied to Alclad 24S-T, 
0.020 and 0.040 in. in thickness. Measurements were 
made on specimens in the ‘‘as-received”’ condition and in 
the wire-brushed condition. In addition, measurements 
were made on material which had been chemically 
treated with hydrofluoric acid, hydrofluoric acid in gum 
tragacanth, No. 30 Oakite, No. 31-W Oakite, No. 84 
Oakite, sodium hydroxide and phospho-chromic acid. 

Surface conditions were found to have a far greater 
effect on the contact resistance between the specimens 
than between the electrode and specimen. The contact 
resistance in the ‘‘as-received”’ condition was high and 
inconsistent, while between wire-brushed surfaces, it was 
very low and consistent. Between chemically treated 
surfaces the contact resistance varied from the low value 
obtained in wire brushing to values even higher than 
those obtained in the “‘as-received’’ condition. Very 
interesting and significant characteristics were obtained 
lor several of the chemical treatments by plotting the 

* This is another of a series of reports prepared by the R.P.I. Welding 
Laboratory research staff on spot welding problems, equipment and technique 
his investigation is under the joint auspices of the N.A.C.A., the Army Air 
Corps and the Navy Bureau of Aeronautics in cooperation with the Resistance 
W elding Committee of the Welding Research Committee. Other reports wil! 
be issued from time to time as the work progresses in order to relay the infor 


mation to the aircraft industry as rapidly as possible. 
t Welding Laboratory, Rensselaer Polytechnic Institute, Troy, N. Y 


By W. F. Hess,’ R. A. Wyant! and B. L. Averbach' 
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contact resistance as a function of the time of treatment. 
These characteristics took the form of “‘V"’ curves since 
the contact resistance reached a minimum at a time 
which was characteristic of the treatment being in 
\estigated. There was a definite indication that better 
and more uniform welds were made when the contact 
resistance was at its minimum value. The critical 
nature of present chemical treatments is apparent from 
the results of this work. 

The present investigation has been limited in scope 
and time by other items requiring investigation in 
accordance with the provisions of the present research 
contracts. However, the importance gf contact re 
sistance measurements in the study of surface treatments 
and the necessity for rapid developments in this field are 
strikingly obvious. Present chemical treatments may 
be improved by making them less critical and more 
consistent. Other treatments, better suited for commer- 
cial application, may be developed. Immediate prog 
ress along these lines is easily the most important need 
for the improvement of spot welding in the aircraft 
fabricating industry. It is not difficult to see the reason 
for the present conflicting viewpoints in the industry 
with regard to methods of surface treatment and results. 
When the surface preparation problem is satisfactorily 
under control, there should be a marked improvement 
in the quality and consistency of aluminum alloy spot 
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Apparatus and Procedure 


All of the resistance measurements and welds of this 
investigation were made in a conventional press welder 
of the a.c. type. The special features of importance in 
this welder were a current shunt in the secondary circuit 
and provision in the mechanical system for clamping the 
specimens between the electrodes under actual welding 
pressure. Dome-shaped electrode tips, 4 in. in radius, 
were used throughout the investigation. The electrode- 
tip material was a copper alloy containing 1% of cad- 
mium and having the following properties: electrical 
conductivity of 85°>, Rockwell B hardness of 50-75, yield 
strength at 0.2%, elongation of 68,000 psi. and annealing 
temperature of 350° C. 

The contact resistance measurements were made by 
means of the circuit shown in Fig. 1. For making 
resistance measurements before welding, provision is 
made for connecting a d.c. generator at two points of 
the secondary circuit so that the same current that 
passes through the specimens (X) also passes through 
the shunt (S). The total direct current (600 amp.) 
introduced into the circuit divides between the path 
through the secondary of the welding transformer (500 
amp.) and the path through the specimens and shunt 
(100 amp.). The resistance measurements are made by 
means of a special Kelvin double-bridge circuit in which 
the shunt is the standard resistance (S$) and either the 
sheet-to-sheet or the electrode-to-sheet contact is the 
unknown resistance (XY). For making resistance meas- 
urements during welding the potential connections from 
the specimens and shunt are switched to an electro- 
magnetic oscillograph for recording the voltage drops 
from sheet to sheet, from electrode to sheet and across 
the shunt. The calibrated shunt and oscillograph per- 
mit analysis of the oscillograms to obtain resistance-time 
characteristics for the actual welding operations. 

The potential connections are attached to the sheet 
specimens and to the electrode tip by means of brass 
spring clips of the alligator type. To avoid inductive 
pick-up the potential connections are kept as nearly as 
possible in a single plane perpendicular to the electrode 


axis. The shunt is equipped with non-inductive poten 
tial connections which have been designed specifically 
for use with shunts of this type. 

Attention should be called to the fact that the resist 
ances measured are not simple contact resistances. The 
sheet-to-sheet resistance includes the contact resistance 
plus the resistance of one sheet of material. Likewise 
the electrode-to-sheet resistance includes the contact 
resistance plus the resistance of one-half sheet of mate 
rial. This point is illustrated by Fig. 2. It should be 
noted that sheet thickness determines the relative jm. 
portance of the contact resistances and body resistance 
in making up the total resistance between the electrodes 
For example, in thin material the contact resistances 
account for a larger fraction of the total resistance than 
the body resistance. Therefore, one should expect that 
surface conditions would have a greater effect in welding 
thin material than thick material. Furthermore, the 
increased rate of heat dissipation, due to the close prox 
imity of the cold electrode to the fused zone, makes the 
welding of thin material even more sensitive to surface 
conditions. 

For this investigation the sheet material was cut to the 
dimensions recommended by the Welding Research 
Committee of the AMERICAN WELDING Soctety for 
single-spot lap-weld specimens. These dimensions wer 
5/, x 3 in. for the 0.020-in. material and */, x 4 in. for the 
0.040-in. material. The 0.020-in. material was used for 
most of the investigation for the reasons mentioned 
above. 

An outline of the general procedure follows: 

1. The sheet specimens were degreased and sub 
jected to the particular surface treatment under in 
vestigation. 

2. The sheet specimens were clamped between the 
electrodes under actual welding pressyre and potential 
connections were made to the Kelvin double-bridge 
circuit. 

3. While direct current passed through the secondary 
circuit, the sheet-to-sheet and electrode-to-sheet resist 
ances were measured by means of the Kelvin double 
bridge. 
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Fig. 5—Sheet-to-Sheet Resistance Dur- 
ing Welding 


1. The d.c. source was disconnected from the second- 
ary circuit and the potential connections were switched 
to the electromagnetic oscillograph. 

5. The welding current was passed through the 
specimens, and simultaneously an oscillographic record 
was made of the voltage drops from sheet to sheet, from 
electrode to sheet and across the shunt. 

(. The weld specimen was removed from the machine 
and subjected to examination and tests as desired. 

7. The oscillogram was analyzed to obtain the sheet- 

to-sheet and electrode-to-sheet resistances. 
Specific details of the methods of degreasing and surface 
treatment are included later in this report. Throughout 
the investigation the sheet specimens were prepared 
within 30 min. of the time of welding. 


The welding current was controlled by varying the 
primary voltage on the welder and the weld time was 
controlled by Thyratron equipment. The primary 
voltage was kept constant at a value which produced a 
sound weld in wire-brushed material. A weld time of 
one-half cycle (60-cycle system) was used, since it was 
known that surface resistance disappears within this 
time. 

For each condition of surface treatment, five resist- 
ance measurements were made under static conditions, 
and five welds were subsequently made. Oscillograms 
were taken during the welding of two specimens out of 
each five. To speed up the work the oscillograms were 
discontinued after the relationship had been established 
between resistance measurements made under static and 
dynamic conditions. For the same reason specimens 
were not always welded when the static resistance 
measurement indicated such a high value that the 
electrode might be damaged if the weld were made. 

The electrode tips were kept clean by rubbing with 
crocus cloth after every five test welds. As will be 
explained later in this report, it was necessary to con- 
dition the tips by making several welds after each clean- 
ing. Otherwise the cleaning affected the electrode-to- 
sheet resistance measurement as well as the quality of 
the first weld produced on the clean tips. 
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Methods of Surface Treatment and Results 

Wire Brushing 

The specimens were degreased in carbon tetrachloride 
prior to brushing. For this operation a motor-driven 
wire brush was employed having the following char 
acteristics: 3-in. diameter, '/»-in. face, steel wire bristles 
0.003 in. in diameter and an operating speed of 2700 
r.p.m. The specimens were carefully brushed until the 
appearance of the surfaces was uniform and no trace of 
the original surface was visible. The sheet-to-sheet 
resistance between wire-brushed specimens under static 
conditions was consistently low and of the order of 10 
microhms. While the electrode-to-sheet resistance was 
of the same order of magnitude, it was not as significant 
since it was generally low and never greatly affected by 
surface conditions. Dynamic resistance characteristics 
for two welds made in wire-brushed material are shown 
in Figs. 7 and 9. These characteristics show the sheet 
to-sheet and electrode-to-sheet resistances as functions 
of the time after the welding current starts to flow. It 
should be noted that the points plotted at zero time are 
the values of resistance measured by means of the Kelvin 
double bridge under static conditions immediately before 
welding. The welds produced under these conditions 
were consistently sound and uniform in all respects. 


Hydrofluoric Acid 

The first resistance measurements were made 
material 0.040 in. in thickness. The specimens were 
first degreased in carbon tetrachloride and then treated 
for various periods of time in 6° commercial hydro 
fluoric acid (by volume). Following this treatment the 
specimens were rinsed in boiling water and wiped dry 
with clean towels. Figure 3 shows the sheet-to-sheet 
resistance under static conditions as a function of the 
time of treatment. At a treatment time of 15 sec. the 
resistance is very low and coincides with the resistance: 
between wire-brushed spgcimens. Dynamic resistance 
characteristics for two different welds with the 15-se« 
treatment, and for the wire-brushed treatment 
shown in Fig. 4. These characteristics show the 
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larity between the two treatments and the very noticeable 
absence of any high resistance during the welding opera- 
tion. Returning to Fig. 3 it will be noted that at other 
times of treatment the sheet-to-sheet resistance is con- 
siderably higher. This is especially true at 5 seconds 
and at 2 minutes. Dynamic resistance characteristics 
for these two treatments are shown in Fig. 5. These 
characteristics show clearly the presence of a high resist- 
ance during the early stage of the welding operation. 
They also indicate that the resistance measured under 
static conditions is the same resistance that is effective 
at the instant the welding current starts to flow. All of 
the welds produced in the 0.040-in. material were reason- 
ably consistent and satisfactory. Since the welding of 
thinner material was expected to be more greatly affected 
by surface conditions, the same procedure was repeated 
with material 0.020 in. in thickness. 

In the 0.020-in. material the sheet-to-sheet resistance 
was found to be a far more critical function of the time of 
treatment as shown in Fig. 3. For this thickness of 
mater al the minimum resistance was obtained with a 
treatment of 5 sec. With longer treatments the resist- 
ance increased extremely rapidly. Since it was im- 
practical to treat specimens for less than 5 sec., the only 
alternative was to obtain a value of resistance for de- 
greased specimens in the untreated condition. This 
value of resistance is plotted at ‘‘zero’”’ time. The shape 
of the characteristics indicates that, up to the time when 
the resistance reaches its minimum value, the oxide film 
is being removed from the specimen surfaces. Bare 
aluminum, which has not yet been attacked by the acid, 
is exposed when the resistance reaches its minimum 
value. As the time of treatment is lengthened the 
aluminum surface is attacked and another film forms 
upon it thus increasing the sheet-to-sheet resistance. 
The longer time of treatment required by the heavier 
gages of material evidently means that thicker oxide 
films are present. Dynamic resistance characteristics 
are shown in Figs. 7 and 8 for the 0.020-in. material 
treated with 6°, hydrofluoric acid. These character- 
istics are similar to those shown in Figs. 4 and 5 for 
0.040-in. material and the same comments apply. Char- 


acteristics of two different welds are shown for each 
surface condition. The coincidence between each pair 
of characteristics is remarkable. 

In an effort to make this treatment less critical for the 
0.020-in. material the concentration of the acid was 
reduced from 6 to 3%. The sheet-to-sheet resistance 
characteristics for these two concentrations of acid are 
shown in Fig. 6. It will be noted that the time required 
to obtain the minimum resistance has been extended from 
5 to 10 sec. and that the curve is a little wider at th, 
bottom. The results of all resistance measurements 
made in investigating the 3% acid are included in Table 
1. These data are presented because they are typical of 
the results obtained in the investigation. While the 
results of the individual measurements were somewhat 
inconsistent, their averages were very significant. Con 
sistency in the resistance measurements depends to som 
extent upon the thoroughness of the degreasing prior to 
the surface treatment of the specimens. The best con- 
sistency should be expected when the specimens exhibit 
no water-break surfaces prior to the surface treatment. 

In the 0.020-in. material the effects of surface condi 
tions on weld quality were evident in several ways 
First, the appearance of the electrode impressions on the 
weld surfaces was closely connected with the magnitude 
of the sheet-to-sheet resistance. When this resistance 
was low, the impressions were consistently round and 
regular, whether this low resistance was obtained by wire 
brussing or by chemical treatment. When this resist 
ance was high, the impressions began to assume an 
irregular ‘‘cloverleaf’’ shape and the higher the resistance. 
the more irregular the impression became. Examina 
tion of fractures of the high resistance welds showed that 
the weld itself had exactly the same shape, and showed 
the same irregularities as the surface impression. This 
showed clearly that when the sheet-to-sheet resistance 
was high, the current distribution over the contact area 
was not uniform, and that the welding current was seek- 
ing out and following the path of least resistance through 
the weld zone. In addition, the sheet separation around 
the weld became greater as the surface resistance in 
creased. 
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Fig. 8—-Sheet-to-Sheet Resistance Dur- 
ing Welding 
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Fig. 9—Electrode-to-Sheet Resistance 
During Welding 
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Fig. 10—Electrode-to-Sheet Resistance 
During Welding 


JUNE 


At 
tionec 
brush 
unifor 
and f 
sheet 
sectio 
acid. 
treat 
sidere 
greast 
high 
exces: 
possil 
tion. 
crack 
curre’ 
the s 
exhib 
welds 


=~ 
J 
Ye 
Woks 
= 
Tabl 
Pe Wel 
No 
3 
3 
5 
Avg 
6 
fies 8 
Q 
10 
Ave 
12 
13 
14 
~ 
15 
Avg 
16 
6 
17 
18 
19 
9 
Avi 
| 
99 
94 
OF 
a 
Av; 
on 
26 
Oy 
ra 
2§ 
3 
Av 
3! 
35 
3: 
34 
3! 
Av 
60 
the 
the 
wel 
ga 
eac] 
1943 
he 


At each time of treatment, all five welds were sec- 
tioned for microscopic examination. With the wire- 
brushed stock the welds were consistently sound and 
uniform, but with the chemical treatments the soundness 
and regularity were critical functions of the sheet-to- 
sheet resistance. Figure 11 shows a typical micro- 
section at each point on the curve for 3% hydrofluoric 
acid. Only where the resistance was low, that is, at the 
treatments of 10 and 15 sec., could the welds be con- 
sidered satisfactory. When the stock was merely de- 
greased before welding (at T = 0), the resistance was 
high and the microsection shows that the current was 
excessive. Yet at lower current values it was still im- 
possible to obtain satisfactory welds under this condi- 
tion. At the 5-sec. treatment, the section shows a small 
crack and the uneven penetration associated with uneven 
current distribution. After 10 or 15 sec. of treatment, 
the sheet-to-sheet resistance was low and the welds 
exhibited the same soundness and regularity found in 
welds on wire-brushed stock. The sections at 30 and at 


Table 1—0.020 In. Alcad 24S-T Treated in 3% Hydrofluoric 
Acid 
Sheet-to-Sheet 
Resistance in 
Microhms 

759 

485 

728 

728 

340 

608 

187 


Electrode-to-Sheet 
Resistance in 
Microhms 
231 
156 
444 
197 
364 


278 


Weld 
No. Time of Treatment 
Specimens untreated 


2640 
607 
873 
242 
279 
500 
510 

2015 
620 
214 
165 
377 


* Measurement disregarded. 


60 sec. show that as the treatment was prolonged past 
the optimum point, the resistance increased, and from 
the irregular extension of the fused cladding into the 
weld zone, it is evident that the current distribution was 


again uneven. Of course, the irregularities shown in 
each microsection of Fig. 11 did not appear in each 
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Fig. 11—-Photomicrographs Showing Relation Between Sheet-to 
Sheet Resistance and Distribution of Fusion in the Weld Zone 


section examined. This was to be expected since a 
section through one plane of a defective weld may not 
cut the irregularity. It is believed that the micro- 
sections shown in Fig. 11 are typical for their respective 
surface treatments. It should be understood that 
approximately the same current was used in making all 
of these welds. Weld diameter measurements within each 
group of five welds were far more consistent at the low- 
resistance points than at the high-resistance points. 
Subsequent fracture tests also bore out the irregularity 
of the high-resistance welds. 

In general the electrode-to-sheet resistance was con- 
siderably lower than the sheet-to-sheet resistance and 
less affected by surface conditions. This is evident in 
Tables 1 and 2. Even when high electrode-to-sheet 
resistances were encountered they were usually less than 
one-half the sheet-to-sheet resistance. In this investi- 
gation the electrode tips were kept clean by rubbing with 
crocus cloth after every five test welds. In the early 
work, resistance measurements and welding were re- 
sumed immediately after each cleaning of the tips. The 
measurements recorded in Table 1 were made under 
these conditions. It will be noted that, with the ex- 
ception of the first group of five welds, the first electrode- 
to-sheet resistance measurement in each group is notice- 
ably higher than the other measurements in the group. 
When the corresponding welds were sectioned, it was 
discovered that in the first weld of each group the sheet 
penetration was higher and cracking was more prevalent 
than in the other welds of the group. Following this 
discovery two or three conditioning welds were always 
made on the tips after each cleaning and before pro- 
ceeding to make the test welds. The electrode-to-sheet 
measurements recorded in Table 2 were obtained under 
the latter conditions and it is evident that they were not 
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affected by tip cleaning. Dynamic resistance char- 
acteristics are shown in Figs. 9 and 10 for 0.020-in. 
material. These are to be compared with their corre- 
sponding sheet-to-sheet characteristics shown in Figs. 7 
and 8. These characteristics confirm the above state- 
ments regarding the relationship between the two resist- 
ances. The two 15-sec. characteristics in Fig. 10 
illustrate the effect of tip cleaning. The upper char- 
acteristic was obtained when a weld was made immedi- 
ately after cleaning the tips and the low characteristic 
was obtained from a later weld. 

Figure 12 shows the effect of acid temperature upon 
the sheet-to-sheet resistance when the time of treatment 
is kept constant at 10 sec. Between 23° and 30° C. the 
resistance is low and passes through its minimum. Out- 
side this temperature range the resistance is high, since 
at lower temperatures the activity of the acid is insuffi- 
cient to remove the oxide film in 10 sec. and at higher 
temperatures the increased activity of the acid makes 
10 sec. too long a treatment. When the characteristic 
is compared with those in Fig. 6, it will be noted that the 
sheet-to-sheet resistance is a much more critical function 
of time of treatment than it is of acid temperature. 

Since it is used extensively in industry, a paste of 
hydrofluoric acid in gum tragacanth was next investi- 
gated. The paste was made up as follows: 

3 lb. of gum tragacanth 

10 gal. of hot water 

6.25 Ib. of 48% hydrofluoric acid 

1 gal. of ethyl alcohol to aid solution of the gum 
tragacanth 


The treatment was affected by imbedding specimens in 
the paste for the desired periods of time. The resistance 
characteristic for this treatment is shown in Fig. 13. It 
will be noted that the hydrofluoric acid paste is much 
slower in action than the straight hydrofluoric acid. 
In this treatment the resistance reaches its minimum in 
2 min. instead of 10 sec. The values of resistance which 
are shown in Fig. 13 were obtained from measurements 
made the day after the paste was prepared. A day 
later it was impossible to duplicate the measurements. 
The reason for this erratic behavior of the paste is not 
clearly understood. 
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Prior to all the Oakite treatments the specimens were 
first degreased in a 6-oz.-per-gallon Oakite Aviation 
Cleaner which was kept between 200° and 212° Pp 
This cleaner is mildly alkaline, with a pH of about ||. 
and does not appear to attack the aluminum, although 
it may leave a silicate film on the surface. A time of 6 
min. in the cleaner was sufficient to produce a no water 
break surface. After the degreasing, the specimens 
were rinsed in cold running water, subjected to the treat 
ment under investigation, rinsed again in cold running 
water and then wiped dry with clean towels. 

The 31-W solution, which was used at 180° F. and at 
a concentration of 6 oz. per gallon, was of the acid type 
with a pH of about 1.0. During the treatment, the 
aluminum surface was attacked very slowly if at all, and 
the stock retained much of its original mill finish. Figure 
14 shows two sheet-to-sheet resistance characteristics for 
this treatment. The two characteristics were obtained 
on different days under what apparently were identical 
conditions. While both curves reached their minimum 
at the same time, the general level of one is considerably 
higher than the other. This indicates that the surface 
treatment was not yet under complete control. How 
ever, in both cases the most satisfactory welds were made 
under the conditions of minimum resistance. 


Oakite No. 84 


Number 84 Oakite, which is a modification of 31-W, 
was first tried at a concentration of 6 oz. per gallon at 
180° F. The pH was approximately 1.2. Figure 15 
shows that with this solution the minimum sheet-to-sheet 
resistance was substantially the same as that obtained 
by wire brushing. Furthermore within a range of treat- 
ment from 3 to 5 min. the resistance remained low. All 
the resistance measurements made with this solution are 
presented in Table 2. In an attempt to see whether the 
rate of reaction could be increased, the concentration was 
doubled to 12 oz. per gallon. Although the resulting 
curve had its optimum resistance at one minute, the 
operating range at the bottom of the curve had narrowed 
considerably. A wide “‘safe’’ range at the minimum 
point is desirable from a shop standpoint, and it is 
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Fig. 12—-Effect of Treatment Tempera- 
ture on the Sheet-to-Sheet Resistance 
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Fig. 13—Characteristic of Treatment 
with Hydrofluoric Acid Paste 
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Fig. 14—Characteristics of Treatment 
with No. 31-W Oakite 
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Table 2—0.020 In. Alclad 24S-T Treated in No. 84 Oakite 
(6 Oz. per Gallon) 


Sheet-to-Sheet Electrode-to-Sheet 


Weld Resistance in Resistance in 
No. Time of Treatment Microhms Microhms 
l 2 min. 400 15 
2 208 12 
3 81 11 
4 97 12 
5 218 13 
Avg 201 13 
6 3 min 16 8 
7 10 6 
8 24 8 
9 17 7 
10 30 6 
Avg 20 7 
11 4 min 23 8 
12 16 5 
13 22 6 
14 16 5 
15 12 
Avg 18 66 
16 5 min. 26 7 
17 14 6 
18 26 6 
19 19 6 
20 29 
Avg 21 6 
21 6 min. 152 14 
22 97 21 
2 114 11 
24 131 15 
25 124 13 
Avg 123 15 
26 7 min. 424 40 
27 218 13 
23 364 23 
29 313 36 
30 85* 16 
Avg 330 26 
31 8 min. 850* 20 
32 423 24 
33 389 27 


* Measurement disregarded. 


possible that a concentration of 8 oz. per gallon might 
shift the curve to the left without narrowing it too much. 

Figure 16 shows radiograms of the five welds made at 
each point on the 6-o0z.-per-gallon curve. Although 
these radiograms can show a defect of at least 0.5% of 
the total sheet thickness, they are unable to distinguish 
between fused and unfused zones since the difference in 
density between the fused and unfused sections is so 
minute. They do, however, give the pattern of the 
surface impressions, and of any cracks or cavities which 
may be present. From these radiograms it is evident 
that the low resistance points at 3, 4 and 5 minutes pro- 
duced consistently round impressions. As the resistance 
increased with treatments at either side of the optimum 
range, the irregularities increased, until at both 8 and 2 
min., the most pronounced irregularities occurred. 

The effect of surface conditions on weld strength was 
next investigated using a 6-oz.-per-gallon solution. 
Twenty-five specimens were welded under low-resistance 
conditions obtained with a treatment of 4 min. For 
comparison 25 specimens were welded under high- 
resistance conditions obtained with a treatment of 7 
min. The effects of surface conditions were much more 
evident in the weld fractures than in the magnitude and 
consistency of the results of the shear tests. Figure 17 
shows five typical fractures for each welding condition. 
It will be noted that under conditions of low resistance 
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the welds were consistently round and regular, whereas, 
under conditions of high resistance the welds were 
irregular in shape and imperfectly fused. Here again it 
is evident that the current was seeking out and following 
the path of least resistance through the weld zone 
Ninety-two per cent of the low-resistance welds were 
within + 5% of their average strength of 269lb. Eighty 
eight per cent of the high-resistance welds were within 
+ 5% of their average strength of 252 Ib. It is believed 
that either the “U’’ type tension test or a fatigue test 
may prove to be more suitable for determining the effects 
produced by surface conditions. 


Alkaline Solutions 


Since sodium hydroxide solutions have been used at 
various times to etch aluminum prior to spot welding, 
two treatments of this type were investigated. Alkaline 
solutions attack aluminum readily and leave a dull matte 
finish. The first solution contained 5°; NaOH and was 
used at 160° F. The specimens were degreased in carbon 
tetrachloride, treated in the solution, rinsed in cold 


-running water, rinsed in hot water and then dried with 


clean towels. This solution was extremely violent and 
treatments from 10 sec. to 1 min. failed to produce a low 
resistance. With reduced concentrations, and perhaps 
with a lower temperature more satisfactory results 
might be obtained. 

The other alkaline solution which was investigated 
was Oakite No. 30 at 180° F. At a concentration of 6 
oz. per gallon, Oakite No. 30 has a pH of 12.7 and is not 
quite so violent as the plain caustic solution. The pro 
cedure was similar to that used with the NaOH except 
that the hot rinse was omitted. In a preliminary study 
this solution had indicated that a fairly low resistance 
and acceptable welds could be obtained. Subsequent 
attempts, however, to obtain a “‘V”’ curve yielded only 
high resistances and erratic results, indicating again that 
the treatment was not yet under control. 


Phospho-Chromic Acid 


With a phospho-chromic acid solution it was hoped 
that the original oxide film on the aluminum would be 
removed and that no subsequent film would be built up 
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Fig. 15--Characteristics of Treatment with No. 84 Oakite 
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Fig. 16—Radiograms Showing Irregularities in Electrode 
Impressions 


The solution contained: 


4 cc. of 85% H;PQO, 
2 gm. of CrO; 
Water to make 100 cc. of solution 


The specimens were first degreased in Oakite Aviation 
Cleaner, treated in the phospho-chromic acid solution at 
180° F., rinsed in cold water and then dried with clean 
towels. An investigation of treatments from '/, to 10 
min. yielded consistently high resistances of the same 
order of magnitude as those found with untreated stock, 
and it seemed as if this solution were not measurably 
affecting the surface. 


Further Research and Development Work 


While the scope of this report is limited, it is hoped 
that it will serve as an incentive for further research and 
development work in this field. It is believed that 
further investigation should be directed toward studies 
of the following subjects: 


1. Simple and rapid methods for determining surface 
conditions. 
Consistency of chemical treatments (maintenance 
of solution strength and activity). 
3. Other methods of surface treatment. 
4. Salvage of material that has been overtreated. 
5. Effect of sheet thickness on surface treatment. 
6. Uniformity of oxide film on sheets of the same 
thickness and of different thicknesses. 
7. Elapsed time between treatment and welding. 
8. Preservation of surface after treatment. 
9. Methods of degreasing prior to treatment and 
effect of oil films after treatment. 
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Fig. 17—Effect of Surface Treatment on Appearance of Spot- 
Weld Fractures 


10. Wave form (effects of rate of current rise and of 
passage of preheating current in advance of 
welding current). 

11. Treatment of other alloys. 

12. Treatment of severely worked and heat-treated 
surfaces. 


Further information should also be sought with regard 
to the relationship of the following factors to surface 
conditions. 


1. Electrode pressure. 

2. Pressure distribution over the contact areas (tip 
shape). 

3. Reduction in pressure immediately before passage 
of the welding current. 

4. Corrosion resistance. 

5. Wet welding and water stains. 

6. Surface profiles. 

7. Electrode tip life. 


The fact should be kept in mind that, as knowledge 1s 
gained in the field of surface conditions, the relative 
importance of the above items will undoubtedly change. 
For example, electrode tip life, which is a very important 
subject, is placed at the end of the list because it cannot 
be intelligently investigated in its relationship to surface 
conditions until more is known about some of the other 
items. 


Conclusions 


In interpreting the results of this research it must be 
remembered that the investigation was limited to Alclad 
24S-T in thicknesses of 0.020 and 0.040 in. The imme- 
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diate need for further research and development to bring 
the present chemical treatments under more satisfactory 
control is clearly evident. The conclusions reached in 
the present research are as follows: 


1. Surface conditions can be determined by a simple 
measurement of the sheet-to-sheet resistance. 

2. Surface conditions determine the amount and 
distribution of heat in the weld zone. High values of 
resistance usually result in irregular distribution of heat. 

3. The visible effects of surface conditions are evident 
in the appearance of the electrode impressions, the 
separation between the sheets near the weld, the fracture 
after test and by microscopic examination. A high 
sheet-to-sheet resistance tends to make welds unsatis- 
factory in the above respects. 


4. Acritical time of treatment exists for all the chemi 
cal methods investigated. At shorter or longer times a 
high resistance is obtained, thus resulting in unsatis- 
factory welding conditions. 

5. The critical time of treatment varies for different 
thicknesses of material. 

6. The effects of surface conditions are more pro- 
nounced in the welding of thinner gages of material. 

7. The best welds are produced under low-resistance 
conditions such as those obtained by careful wire brush- 
ing or by the correct chemical treatment. 

8. The ideal chemical treatment should be capable 
of producing a low sheet-to-sheet resistance consistently 
from day to day. Also the time of treatment should be 
reasonably short and the operating range sufficiently 
wide, so that the time of treatment is not too critical 


Welding of Light Gage Stabilized 
Stainless Steel 


By S. L. Rich! 


HE steel used in the tests covered by this report 
conformed to Specification AN-QQ-757, and was 
of the following analysis: C, max., 0.08; Mn, 
0.2-2.5; P, max., 0.03; S, max., 0.03; Cr, 17.0—20.0; 
Ni, 7.0—-12.0; Si, 0.2-1.5; Cu, max., 0.50. The stabiliz- 
ing element employed was optional with the steel manu- 
facturer, but could not be less than ten times the carbon 
for columbium, or not less than five times the carbon 
content for titanium. The required maximum tensile 
strength and minimum elongation in two inches were, 
respectively, 100,000 psi. and 40%. 
All tests were conducted on shapes having a thickness 
of less than 0.065 in. 


Purpose 


The purpose of this investigation was first to compare 
the corrosion resistance of welds made with oxyacetylene 
and those made with metallic and carbon arc, and, if 
any improvement was evident, to continue with further 
physical, chemical and metallurgical tests. 


Procedure 


All welding operations were performed in the shop 
under conditions which would most nearly simulate 
actual production operations. 

The equipment used in this test was a vertical, motor- 
driven machine provided with independent adjustments 
for voltage and current, thus permitting control of arc 
heat and arc penetration. A special low current control, 
not standard on the 40-250 amp. range machine, was 
furnished as an integral part of the welder. 

The electrode and filler rod were of well-known manu- 
facture and contained the required amount of the 
stabilizing element. 

The carbon electrodes were */3 in. diam. by 6 in. long, 


* A contribution to the Welding Research Committee. 
t Welding Engineer, Be Aircraft Corp. 


tapered, for a length of 2 in., to °/« in. diam. and were 
a standard commercial product. 

Values of current and voltage were not recorded since 
the machine was not provided with instruments, and the 
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BREAKING STRENGTH — LBS X 102 


Fig. 2—Dispersion Chart of Shear Tests on Specimens 


Of 0.031 sheet to 0.035 tube (7/; O.D.) annealed stainless steel. 
Joint Type B, Fig. 1. 


weld strength: 900 lb. (A.C. Spec. 20,011-B). 


accuracy of the adjusting devices was unknown, a lack 
of time preventing a check being made. 

Passivating, herein referred to, consisted of a 20- 
minute immersion in a 15-20% solution of nitric acid 
(HNO;), following a buffing operation to a No. 4 finish 
on a cloth wheel, to remove surface deposits of slag, 
carbon and oxides. Following these tests the time of 
immersion was increased to 30 minutes with a propor- 
tionate decrease in signs of corrosion. 


Specimens 


All sheet specimens were 0.031 x 1 x 4 in., some were 
butt welded along their lengths. The flange-welded 
specimens were of the same size but had a '/s-in. x 90° 


Shielded arc electrodes. Required spot. 


introduced into the are stream. In its application the 
latter method was nearly equal in results but more 
economical from the production standpoint by eliminat- 
ing one operation; this method was finally adopted as 
standard practice and has been in production for several 
months. Types of specimens are shown in Fig. 1. 


Corrosion 


The specimens shown in Fig. 1, Types A and D, were 
subjected to ten days’ exposure in a salt spray under 
conditions dictated by specification AN-QQ-S-91, with 
the results shown in Table 1. 

Gas welds made with a neutral flame showed a large 
excess of oxides after exposure, but no corrosion. 


Table 1—Corrosion of Welds in Thin (0.031 In.) Stabilized 18-8 Sheets 


Degree of Corrosion 
With Passi- Without Passi- 


t No. Specimen Shape Joint Type Weld Type Filler Rod vation vation Fig. | 
1 Tube to Sheet Plug Carbon Arc Fluxed Slight Excessive A 
2 Sheet to Sheet Lap Spot ~ Slight Slight 
3 Sheet to Sheet Flange Carbon Arc RY None Slight B 
4 Sheet to Sheet Corner Carbon Arc Fluxed Slight ws 
5 Sheet to Sheet Corner Carbon Arc None ee 
6 Sheet to Sheet Corner Metallic Arc Slight 
7 Sheet to Sheet Corner Oxyacetylene Excessive 

lip formed along their length; in welding with the Embrittlement 


carbon arc a flat specimen was fused to the flanged piece 
by burning away the flange—no metal was deposited. 
The flanged tensile specimens had their flanges, of the 
same height, formed at their ends and burned away. 
In joining the sheet to the tube two techniques were 
employed: in the first, a punched elongated hole */3. x 
3/16 in. was filled with deposited metal, fusing the two 
shapes together; in the second, the hole was burned in 
the sheet with the carbon arc and closed with filler rod 


Embrittlement due to intergranular corrosion oi 
neutral flame gas welds, carburized gas welds and carbon 
arc welds was tested and compared as outlined in the 
applicable specification. 

The neutral flame gas welds were bent 180° without 
excessive cracking. The carburized gas welds cracked 
in several places before reaching a 90° bend, showing 
intergranular corrosion. The carbon arc welds wer: 
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BREAKING STRENGTHS — POUNDS X 102 


Fig. 3—Dispersion Chart of Shear Tests on Specimens 


Of 0.031 sheet to 0.035 tube (7/;O.D.) annealed stainless stee] AN-OQ-S-757. Carbon electrode */3 in. diam. x 


6 in. long—tapered to 5/«% in. in 2-in. length. Hole pierced with carbon arc and closed with filler rod. Joint 
Type A, Fig. 1. 
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bent 180° without cracks or failures, although a few 
gas pockets opened during bending. There was no 
evidence on these latter specimens, of intergranular 
corrosion or carbide migration (see Figs. 5 and 6). 

It is our observation that the average welder has a 
tendency to use a carburizing flame in welding stainless 
steel in order to improve the flow characteristics of the 
metal. Correction of this bad habit, done through 
ignorance rather than by intent, can be accomplished 
only through more thorough training and closer super- 
vision. Many failures in gas-welded stainless steel 
joints can be traced to the use of a carburizing flame and 
the reduction in fatigue resistance through its use. 


Tensile and Shear Strengths 


Shear and tensile tests were conducted on a group of 
specimens represented by Types A, B and E£ in Fig. 1. 

Types B and A, in that order, illustrate stages in the 
development of a joint of sufficient shear strength and 
fatigue resistance to justify its substitution in a portion 
of the secondary structure. An appreciable reduction 
in manufacturing cost over the previous method was 
realized by the final adoption of Type A as best suited 
to the application. Dispersion charts of their shear 
strength are shown in Figs. 2 and 3. 

A tensile test was made on a series of carbon arc flange 
welds on stock of equal gage and of different gages. All 
specimens were Type £, Fig. 1, the flange height in this 
case being but '/;. in. The test results, plotted in 
Fig. 4, are superior to single spot welds in the same 
gage combinations. Joints of this type and Type D 
(Fig. 1) have been found to be an entirely satisfactory 
substitute for spot welding in applications where space 
limitations preclude flanges of the necessary width. A 
slight increase in manufacturing cost is evident, as is 
the conservation of material, in comparing the two 
methods. It has been found expedient, in compara- 
tively long straight joints involving flat sheets joined 
to form a rectangular section, to carbon arc weld alter- 
nate inches of the joint to eliminate buckling, i.e., a 
joint having a developed length of 12 in. will have 6 in. 
of fusion. 


27 SPECIMENS — .032" TO .043" 


Fig. 5—Embrittlement Test, CA‘ Carbon Arc Weld, “GS” 
Neutral Flame, “GH” Carburizing Flame 


Butt and flange welds made with gas were slightly 
higher in tensile strength, but the resulting warpage on 
sheets of the same gage was excessive and unsatisfactory. 


Radiography 


Radiographic examination of carbon arc flange welds 
and carbon are butt welds with fluxed filler rod were 
made on “‘no screen coarse grain’ film and showed on 
these initial specimens elongated inclusion or gas 
pockets which might have been exterior gaps in the root 
of the welds. Later microscopic examination disclosed 
that these were gas pockets within the zone of fusion. 
The films showed no sharp edges in these pockets, and 
no cracks in the welds or adjacent parent metal. 


Fatigue 


A specimen having a width of °/s in., cut from two 
sheets of 0.023-in. stock which had been flanged and 
welded, was subjected to a fatigue test on a Rayflex 
machine. The parent metal failed in the, area adjacent 
to the weld after 41,000 cycles at 60 cycles per second, 
with a loading of 0.1 ft.-lb. cantilever action. No gas 
pockets were in evidence in the area of failure. 


Impact 


Carbon are flange welds loaded in impact tension 
failed at 6.5 ft.-lb. impact as measured on a Richle 
impact testing machine. The fracture occurred at the 
edge of the weld, disclosing elongated gas pockets in the 
weld, and were visible to the naked eye. 
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Fig. 4—Displacement Chart Tensile Test 


Carbon arc flange ('/15 in.) welds. 
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Width of joint = in. (see Fic. 16). 
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Fig. 6—Embrittlement Test 


Since the application of the process was in no way 
subjected to such stress, this one test was conducted 
solely to obtain an index as to the resistance of this type 
of joint to such loading. 


Microscopic Examination 


Specimens used in the foregoing test were subjected 
to microscopic examination to determine the extent of 
formation of inclusions and gas pockets. These pockets 
did not exceed 0.02 in. in length and their number was 
not more than four per linear inch. The average size 
of external gaps caused by gas was up to 0.01 in. in length 
by 0.02 in. in width. 

As pointed out in a preceding paragraph, through 
improvement in the welding technique, these imperfec- 
tions can be reduced and ultimately eliminated. 


Chemical Analysis 


The maximum carbon content permitted by speci- 
fication for this class of material is 0.08%. 

Carbon pick-up was determined by the Strauss method 
and analyses made on carbon arc welded specimens in 
the ‘‘as welded” condition, passivated 20 minutes in a 
15-20% solution of HNO; followed by a water pressure 
rinse, also buffed, then passivated. 

In the “‘as welded’’ condition, the carbon content was 
found to average between four and five times that of 
the parent metal; passivation showed an appreciable 
reduction but not sufficient to be considered satisfactory. 
Introduction of a buffing operation, to a No. 4 finish, 
removed surface slag and carbon deposits, and, com- 
bined with passivation, brought the average carbon 
content down to 0.138%. 


Fluxes for Reduction of Carbon Content 


Using a rectifier type of machine, several runs were 
made on 0.025-in. stock, conforming to the same speci- 


fication, using two commercial fluxes used in other 
applications of carbon are welding and two of our own 
composition. 

The purpose of these trials was to further reduce the 
carbon content to approximate that of the parent metal 

The flux used in the first trial, titanium oxide and 
methanol mixed to a very thin consistency, was applied 
to the faying surfaces and edges in a stripe of '/,-in. 
width. 

The flux in the second trial substituted sodium silicate, 
the vehicle or binder frequently used on coated elec 
trodes, for the methanol. Welding was extremely 
difficult because of inability to maintain an arc, conse 
quently further trials with this flux were discontinued. 

The third flux tried was a commercial product, dis- 
solved in methanol. It was not alcohol-soluble. 

Enough methanol was added to make the solution 
easy to apply. 

All specimens were buffed and passivated (30 minutes 
in this instance) in accordance with established pro- 
cedure. 

The average carbon content of the first and third 
runs was within three-tenths of a point of equality and 
approximated that of the unbuffed specimens, indicating 
that carbon are welding without flux gave results 
superior to modifications tested. 

Continuation of tests on the fourth type of flux and 
further research on this phase of welding were tem- 
porarily discontinued because of the urgency of produc- 
tion and limitations in time. 
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CORRECTION 


A misstatement appeared in the review 


24,000 lb., which is only 4000 Ib. less than - 
the average breaking strength for this size 
of plug weld.” The strength of plug welds 


Meunier, Professor of Metallurgy at 
Mons, and H. M. Schnadt. Translated 
from Arcos, 16 (94) (September, 1939) 


of literature on Static Tests of Fillet and 
Plug Welds, which was published in the 
April 1942 issue of Tue WELDING JourR- 
waL. On page 193-s, the second sentence 
under the heading “Combined Plug and 
Fillet Welds” states erroneously in dis- 
cussing the research by Loos and Dill 
that “the plug added only 24,000 Ib., 
which is less than half the breaking load 
of the plug alone.” The statement 
should have read: “the plug added 
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used in combination with fillet welds is, 
therefore, almost fully utilized. 


TRANSLATIONS 


There are still available a few copies of 
two translations of foreign welding articles 
which may be of interest to some of our 
readers. These are: 

(1) ‘The Huey Test for Corrosion Re- 
sistance of Welds in 18/8 Steel,” by F. 
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Published by La Soudure Electrique 
Autogéne, S. A., Procédés Arcos, Bruxelles 

(2) ‘“Weldability of Steel Experiences 
and Tests,” by Dr. Ing. Reinhold Kuehnel, 
German State Railways, Berlin. Report 
No. 496 of the Committee for Materials of 
the Association of German Metallurgists 

These translations may be obtained by 
writing to the office of the Welding Re- 
search Committee, 29 West 39th St., New 
York, N. Y. 
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Report of Tests on Butt Joints with 
Through Plate Stiffeners 


By W. J. Krefeld and J. D. Kenney’ 


Object and Scope of Investigation 


determine the behavior, under static shear and 

flexural stresses, of welded butt joints incorporat- 
ing through plate stiffeners, as used in the splicing of 
rolled H sections. 

In the design of rigid frames, the use of through plate 
stiffeners has been found desirable. Such stiffener plates 
forming part of the butt joint of a beam are subjected 
to shear stresses in the plane of the plate, and flexural 
stresses normal to the rolled surface, t.e., across the 
thickness of the plate. Although such through plates 
afford effective web stiffening and facilitate the butt 
welding operation, some doubt exists concerning possi- 
ble reduced strength across the thickness as compared 
with the commonly recorded physical properties in the 
longitudinal or transverse directions of the plate which 
might reduce the effectiveness of the joint. In addition 
to the effects of laminations, grain structure or rolling de- 
fects upon the strength of the plate, it has been reported 
that laminations in the base metal may induce cracks at 
the root of fillet welds.' 

This investigation was intended to furnish test data 
on the behavior of beams spliced with butt-welded joints 
having through stiffener plates with particular regard to 
the strength sufficiency of such plates. While the 
strength of a welded joint may be assumed to be affected 
in varying degrees by rolling defects, this investigation 
was primarily concerned with the strength across the 
thickness of killed steel plates meeting the strength and 
bend requirements of the structural grade. 

In order to further study the effect of possible lamina- 
tions or grain structure upon the strength across the 
thickness, a supplementary series of tension tests was 
included. These tests were intended to determine the 
physical properties of killed and semi-killed steel of 
structural grade. 

This investigation was planned by a Sub-committee 
of Committee G of the Welding Research Committee of 
the Engineering Foundation, Leon S. Moisseiff, Chair- 
man, in cooperation with the Bureau of Yards and Docks, 
Navy Department, represented by Captain C. A. Trexel. 
The tests were conducted at the Civil Engineering Re- 
search Laboratories, Columbia University. 


sk: primary purpose of this investigation was to 


Specimens and Test Procedures 


The investigation is divided into two parts: 
I—Tests on beams provided with butt-welded joints 
incorporating through plate stiffeners. 


_ * A report to the Structural Steel Committee, Committee G, of the Weld- 
ing Research Committee. 

} Director and Research Fellow, respectively, Columbia University, De- 
partment of Civil Engineering, Research Laboratories, New York City. 


II—Supplementary tension tests on specimens to de- 
termine the physical properties of killed and 
semi-killed steel in a direction normal to the 
plane of rolling. 


Beam Specimens 


The beams consisted of B6a x 40 lb. Subway Sections 7 
ft. long, which were tested with a span of 6 ft. To pro- 
vide for loading concentrations, */s-in. web stiffeners were 
provided at the supports and at the load point. A total 
of nine beams were tested, of which one unspliced beam 
served as a control specimen, and the remaining eight 
were butt welded. Figure 1 shows the details of the beam 
specimens. It will be noted that double web stiffeners, 
fitted between flanges and intended to resist local crip- 


@- @- 
Ut 
6 2°- 73 
== 


| 


3 
@ 
SPECIMEN A2@ - UASPLICEO 


420-hec- 4 —\- 


| 


SPECIMENS 420. A2b, Adc. Add - TWO EACH 


WELO C™ 


Burr we.os A’ 
= i 


6 


Burr weios 
C FoR A2ce-d \ 
8 for A2a-b \ 7 

Z 


SPECIMIEALS 
Burr Wwe.oeo THROUGH PLATE STIFFOMERS 
1G / 


ony 
ig 
ner 
wn 
he 
al 
nd 
ied 
in. 
te, 
ly 
se - 
1S- 
on 
res 
rd 
nd 
ng 
Its 
nd 
he 
id 
ng ali 
at 
ed 
ue 
es 
rt G25 
of (Dy, 
(Ez, 
by 70,6 
.e- 
Ww 
269-s 


pling under the applied load, are located to provide for a 
single concentrated load applied 3 in. from mid-span. 
This load was applied through a wedge loading block to 
an unattached bearing plate 4 in. long, extending across 
the full width of the flange. The center of the welded 
joints of the spliced beams was located 6 in. from the 
load point, i.e., 3 in. from and on the opposite side of 
mid-span. While a symmetrical two-point loading with 
splice at mid-span would have subjected the joint to 
maximum flexural stress, it was intended that the joint 
be subjected to combined shear and longitudinal stresses, 
thus necessitating the arrangement used. Pilot tests on 


Preparation of Material: 


Edges gas cut, thoroughly cleaned of slag and loose scale, edges 
generally smooth after some grinding. Angle of V scarf ap- 
proximately 45°, root opening '/3 in. to '/is in., root face = () 


Data on Welding: 


Welding pattern as shown on Fig. 1, generally followed although 
occasionally one or two passes less were required on first side 
and several passes were required on back. 

All layers deposited in flat position with A.W.S. class E6012 
electrodes. 


OM F For */;-in. fillets (through plate to web of beam) and for */;,-in, weld 
spliced B6 x 22.5 Ib. beams were conducted to determine lets (web stiffeners at load points and supports), used */,,-in edge 
the effect of proximity of stiffener plates and method of electrode, 23 volts and 185 amperes. 
loading. While a location of the splice more removed For butt welds, used */s,-in. electrodes, 23 volts and 150 to 185 
from the local influence of the load application seemed Saaperes. R 
desirable, relatively small plastic distortions were pro- a temperature 75 to 95° F. Tack welds generally chipped 

duced at the splice for loadings causing buckling of the 

Used A.C. Are Welding Transformer, with N.E.M.A. rating 
beam at the le ad point. For loads applied at the loca- of 500 amperes per hour on 80 volts secondary—frequency 25 
tion shown in Fig. |, the bending moment at the welded cycles and 80 volts open circuit. 
joint is 84.67% of that produced under the load. Re- No weaving of electrode except to puddle slag out of weld. 
inforcement of the beam flanges at the load point was not Slag covering on deposited layers cooled before removal—layers 
desirable because of further complications of the stress cleaned by pneumatic hammer and wire brush. 
distribution which was already modified by the action of No appreciable cooling of plates after first pass and metal 
the stiffeners. washed up well along walls of groove. Root cleaned before 

The welded beam specimens included two thicknesses by chipper. 
of through stiffener plates for each of which two types of according to general requirements for welding beam butt 

the Al The } splices, the following welding sequence was specified: 
1. Tack weld butt plate to left half of beam. stra 
2. Weld web of beam to plate starting at the center and pro- we 

gressing toward both ends. whi 

————— a — 3. Weld groove of upper flange of beam, starting at center and the 
progressing toward both ends. meé 
. Through Plate _ Type ‘ 1° Chip out root of weld and deposit root bead. joir 
No. Thic In Flange 5. Repeat operations 3 and 4 for bottom flange. fro1 
‘ 1 = None None (control) 6. Tack weld right half of beam to butt plate and repeat opera five 

2,3 A2a 5/16 B (reinforced) tions 2, 3, 4 and 5 

4,5 A2b 3/, B (reinforced) sts ra len; 

= > pow i} C The beams were supported by steel rollers on flat steel the 
plates affording freedom of motion throughout the test. 
* Type B weld—45° V, fillet reinforced weld, Type C weld—45° Loads were applied in increments and corresponding de- the 
V, normal reinforcement flection and flange strains were measured. The deflec- ae 

All through plates were killed steel, structural grade. tion was measured at the joint on both sides of the beam k 
SPAS Sar by means of unrestrained side bars, supported by pins the 

attached to the end web stiffeners over the beam sup- Ing 

ports and a recording dial attached at the edge of the the 

Welding Inspection Data for Beam Butt Welds as_ through plate stiffener. the 
furnished by Bethlehem Steel Co., July 10, 1941: The flange strains were measured with a Whittemore _— 

in 
in. 
ex] 
Table 1—Beam Tests bu 
Load at Yield Strength* 
Butt Type Based on Tension Flange Strains Maximum Load, Per Cent Permanent Te 
Beam Plate Weld At Load Across Joint Lb Elongation Across Joint? 
A2e None None 66,700 69,700T 78,500 §.5 
A2a-1 in. B 71,800) o 88,800 1.2 sis 
A2a-2 in B 66,600 (89200 81,000 87,000 0.67 
A2b-1 in, B 65,500) 85,000 84,500 0.75 
A2b-2 3/, in. B 70,500 fo8:000 82,700 (83-900 88,000 1.17 an 
A2c-1 69,500) 80,200) 88,500 0.97 Wi 
A2Qc-2 in 65,400 (0/900 80,600 [80-400 87,300 0.58 pl: 
A2d-1 in. 70,500 \ 89,100 | 91,500 0.75 hs 
¢ , RC > a 
A2d-2 in ( 69,000 [69-700 90,400 [39,800 89,000 0.20 
re 
For types of weld, see Fig. 1, Properties of Section, J = 81.4 in.4, S = 26.3 in.’; at joint BM = 15.1P, V = 0.458P. we 

* The load at yield strength is taken as that load applied to the beam which produced a permanent elongation in the tension flange ba 
directly under the load and across the joint of 0.2%. The 0.002-in. ‘‘offset’’ method was used as recommended for tension tests by the W 
A.S.T.M. with the same assumptions. These values apply to the material at the locations specified for purposes of comparison and art to 
not intended necessarily to evaluate the yield strength of the beam as a whole. D 

t Based on strains on tension flange of unspliced beam at gage station comparable to gages across joints of welded beams. 
t These permanent elongations in 2 in. across the joint were recorded after loading was discontinued, and are merely intended to ar 
indicate the extent of plastic distortion developed by these tests. The values for various beams are not comparable and depend upon 
the amount of beam distortion made possible by continued loading after compression flange buckling had developed. pe 
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Weldment flame-cut along dotted lines, specimens finished on both 
edges by planing along solid lines. Two weldments of 3 specimens, 
each type 


Root opening '/¢ in. to 4/16 in. 


SPECIIVIEMIS - FIG_2 


strain gage over 2-in. gage lengths. Use of this instru- 
ment permitted measurements across the welded joint 
which required the straddling of the edge extension of 
the through plate. On the lower flange, strains were 
measured directly under the load, across the welded 
joint, 2 in. each side of the joint and at a point 6 in. 
from the joint toward the support. At each of these 
five stations, measurements were taken on five gage 
lengths distributed across the flange width to include 
the edges, center line over the web and intermediate 
quarter points. Similar measurements were made on 
the upper flange except the inaccessible station under the 
load. These strain measurements were intended to 
indicate the longitudinal distortions of the beam in 
the vicinity of the load application and the joint. Read- 
ings at all stations were recorded until the limit of the 
instrument was exceeded which extended well beyond 
the elastic range. It may be noted that the strains 
measured across the joint include the strains produced 
in the through plate, welds and, in the case of the °/¢- 
in. plate, a small length of adjacent flange. Because 
of the enlarged section included, these strains were 
expected to be smaller than those of the normal section 
but the distribution through the joint is not known. 


Tension Specimens 


These specimens were prepared from weldments con- 
sisting of two structural steel plates 1 x 6'/: in. x 1 ft. 
3 in., butt welded to opposite sides of bars 2 in. wide 
and of varying thickness. The thickness of these bars 
was °/i, °/, and 1'/2 in. While the abutting 1-in. 
plates were all the same material, the transverse 2-in. 
bars represented killed and semi-killed steel in duplicate 
weldments of each thickness. Each weldment, after 
welding, was flame-cut to produce three tension test 
bars whose edges were planed to a width of 1'/, in. 
Weld reinforcement and butt bar edges were milled 
to form a test bar with a section 1 x 1'/2 in. throughout. 
Details of these weldments and preparation of specimens 
are shown in Fig. 2. 

The specimens thus prepared included end pieces cut 
parallel to the direction of rolling, butt welded to central 


sections originally */4 or in. thick which, be- 
cause of their transverse position in the weldment, would 
be subjected to tensile stress across the thickness of the 
original bar. Samples of the butt bars were also tested 
for properties in the longitudinal direction. 

These tension specimens are identified as follows 


No. of rhickness of of 
Mark Specimens Butt Bars* Steel rension Applied 
CIA 6 5/i6 Killed Across thickness 
C1B 6 3/4 Killed Across thickness 
6 Killed Across thickness 
C2A 6 5/16 Semi-killed Across thickness 
C2B 6 3/4 Semi-killed Across thickness 
Cac 6 l'/» Semi-killed Across thickness 
KAt l 2x 5/i¢ Killed Longitudinal 
KBt l 2x */, Killed Longitudinal 
KCt l 2x Killed Longitudinal 
SKAT l 2x 5/16 Semi-killed Longitudinal 
SKBt l 2x Semi-killed Longitudinal 
SKCt 1 Semi-killed Longitudinal 
CPt l 2x1 Structural Longitudinal 


* Actually rolled bars of dimensions shown, not cut from rolled 
plates. 

t Materials used as butt bars for longitudinal tension tests 

Note: Each group of 6 specimens taken from two weldments 
of 3 each 


Welding Inspection Data for Tension Specimen Butt 
Welds as furnished by Bethlehem Steel Co., July 10, 
1941: 


Preparation of Material: 


Edges gas cut, cleaned of slag and loose scale, generally smooth 
and very little grinding required. Angle ®f double V scarf 
approximately 45°, root opening '/s in. to */,,in., root face 0 


Data on Welding: 
Welding pattern as shown on Fig. 2 generally followed, sometimes 
varied by one or two passes. All layers deposited in flat posi- 
tion with A.W.S. Class E6012 electrodes 
First pass, °/g-in. electrode, 22 volts and 150 amperes. All other 
passes */), in. electrode, 25 volts and 200 to 220 amperes at trans- 
former 
Shop temperature 75 to 100° F Tack welds removed. 
A.C. welding transformer used same as for beam welds. No 
weaving of electrode except to puddle out slag. Slag covering 
allowed to cool and layers cleaned with pneumatic chipper and 
wire brush 
Welds were made continuous on one side, then laid aside and 
back chipped in groups. Weld metal washed up along walls of 
groove and root was prepared before back welding with pneu- 
matic chipper. 


Comment Appended to Inspection Report 


“There is more spatter with this electrode than most shop types, 
also in groove welds the slag is difficult to remove 


“The procedure called for starting all welds at the center and 
welding toward the ends This may result in poorer welds in 
the center coupon of each group, since it is difficult to remove the 
slag at points where welds start and each successive layer intro 
duces the same problem. In multiple pass welds, it would be 
better to deliberately stagger points where new electrodes are 
started. If left to chance it would result in sufficient stagger for 
all practical purposes.”’ 
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These specimens were subjected to tension, and pro- 
gressive strain measurements were made on the trans- 
verse bar section, on the adjacent weld metal and on the 
end plate stock. These simultaneous readings on the 
three materials included in the specimen afforded a 
means of comparison of their elastic properties. These 
strains were measured with Huggenberger tensometers 
over '/:-in. gage lengths which permitted gages within 
the boundaries of the */;-in. and 1'/:-in. transverse bars 
but necessarily extended into the weld penetration zone 
for the °/,-in. bars. The gages on the weld metal 
were placed on the top of the groove where sufficient 
length was available. The boundaries of the transverse 
bar and welded zone were made visible by light surface 
etching with nitric acid. Strains on the end plates 
were measured at a point 2 in. from the weld to avoid 
possible influence of the weld affected zone. At each 
of the gage stations, two tensometers were attached on 
opposite sides of the specimen and average stress-strain 
relations were plotted for each station. Bending stresses 
were introduced in these specimens because of slight 
misalignment of the end plates, a condition which was 
difficult to avoid in the welding of these relatively small 
weldments. In addition to the elastic behavior, the 
ultimate strength was determined. 


Results of Tests 


Static Tests on Butt-Welded Beams 


In order to identify the gage stations at which strains 
were measured during the loading of the beams, Fig. 3 
shows the position of the mid-point of each 2-in. gage 
length with reference to the load point and butt plate. 


Each station indicated represents a row of five gage 
lengths across the width of the flange (97/s in.) including 
the two edges, center line over the web and quarter. 
width points. 

The recorded strains are shown graphically by the ac. 
companying curves, Figs. 4-13. The values of strain 
plotted represent the average of the five transverse gages 
in a row, and each curve for the butt-welded beams repre. 
sents the average of two specimens of the same type. 

Figure 4 gives the load-deflection relations for loads 
up to decided yielding. These relations reflect the inte- 
grated effect of strains throughout the beam. The be 
havior of all beams was closely similar with genera! 
yielding of the control (unwelded) beam at a load of ap- 
proximately 68,000 Ib., and slightly higher for the welded 
specimens. Although yielding appears to be somewhat 
delayed in the case of the butt-welded beams, differences 
in the load-deflection relations are in part due to slight 
irregularity in alignment and variations of section. 

Figures 5 to 9 show the load-strain relations for the 
bottom flange at the various gage stations. The strains 
developed under the load are in close agreement for al! 
beams, with yielding occurring at a computed fiber 
stress of approximately 46,000 psi. substantially as in 
dicated by the deflections. For gage stations rows | 
and 3 on either side of the butt plate, the strains de 
veloped in the welded beams are not in agreement with 
the corresponding points of the unwelded control beam, 
indicating a local influence of the through plate stiffener. 
As would be expected, the strains across the joint, which 
included the weld and butt plate, were smaller than at 
the same point on the unwelded beam. Yielding was 
delayed due to the larger section through the plate, and 
it is probable that the yielding indicated by the curves 
of Fig. 7 was developing in the weld or adjacent flange 
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material rather than in the butt plate. The strains at 
gage row 4 shown on Fig. 9 show some variation of the 
respective beams at yield possibly due to differences of 
the progress of yield along the beam. 

No consistent effect of the °/,s.-in. butt plate thickness 
as compared with the */,-in. plate is indicated by these 
strains except possibly for the strains measured across 
the joint (Fig. 7) where the strains across the joint with 
*/,-in. butt plate are smaller and indicate delayed yield- 
ing. 

Top flange strains indicate delaying yielding in the 
vicinity of the joint due to the restraint afforded by the 
through butt plate, Figs. 10 to 13. 

The variation of strain along the beam in the vicinity 
of the load point and joint is shown in Fig. 14, where the 
strains developed at the respective gage stations are 
plotted for an applied load producing a computed fiber 
stress of 20,000 psi. under the load. The strains meas- 
ured under the load on the tension flange of the un- 
welded beam agree closely with the computed values. 
Comparing the strains with theoretical values, which 
reflect the bending moment variation, the strains across 
the joint are lower for both flanges due to the increased 
section. The variations from the theoretical values for 
both types of welded beams are generally in agreement 
and indicate local stress disturbance in the vicinity of 
the butt plate. It may be noted that the bottom flange 
strains at station 3 for all beams are considerably larger 
than the theoretical values and that at station 4 a dis- 
tance of 6 in. (beam depth) from the butt plate the 
strains are in reasonable agreement. Although the strain 
values plotted represent the average of five gages across 
the width of the flange, the record indicates that there 
was no consistent relation between the edge strains and 
intermediate strains. 

Ultimate loads produced buckling failures of the upper 
flange in all beams. The critical flange buckling oc- 
curred in the control (unspliced) beam adjacent to the 
load point stiffeners in the longer (39-in.) segment at 
a point corresponding to the location of the butt plates 
in the welded beams. Figure 15 shows the condition 
after test. Buckling to the left of the load point de- 
veloped after continued loading. Figures 16 and 17 show 
typical failures of beams with °/,.-in. and */,-in. butt 
plates, respectively. The critical flange buckle occurred 
in all welded beams on the side of the load point opposite 
the joint. The upper flange developed a slight wave 
both sides of the butt plate but was sufficiently restrained 
to force the failure to the opposite side. The pro- 
nounced distortion shown was produced by continuing 
the application of load after the maximum was reached 
in an attempt to develop as much plastic strain at the 
joint as possible. 

Examination of the welds after test showed no visible 
evidence of cracks. The °/,-in. butt plates were bent 
and the beam flanges and web of all beams adjacent to 
the joint were plastically strained. Longitudinal sections 
cut through the flanges and butt plates of some of the 
beams were etched to examine the quality of the weld. 
Figure 18 shows a typical section including flanges and 
*/,in. butt plate after etching with nitric acid. No 
evidence of lamination in the butt plates was found and 
the welds were essentially free of blowholes or slag in- 
clusions. 

The properties of the beam and butt plate material 
as determined by tension tests were: 


Samples from beam flanges (avg. of 2 tests): 
Yield Point = 39,000 psi. 
Ultimate strength = 62,150 psi. 
Elongation in 8 in. = 30.0 % 
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Samples from °/,.-in. butt plates: 
Yield Point = 39,400 psi. 
Ultimate strength = 61,500 psi. 
Elongation in 8 in. = 27.7 % 

Samples from */,-in. butt plates: 
Yield Point = 32,000 psi. 
Ultimate strength = 56,300 psi. 
Elongation in 8 in. = 30.3 % 


Tension Tests for Properties of Killed and Semi-Killed 
Steel Across the Thickness 


The results of these tests are shown on Table 2 and 
graphically by the curves of Figs. 19, 20 and 21. These 
curves, showing the elastic behavior, represent the 
average of six specimens of each group. 

The interpretation of these data requires consideration 
of the type and quality of the specimens tested. From 
Fig. 2 it will be noted that, while the specimens were 
machined to uniform section, 1 x 1'/: in., throughout, 
each specimen is composed of three materials, i.e., stub 
and butt bars and weld metal. In referring to the 
intermediate transverse stock, which was subjected to 
tension across the rolled thickness, as butt “plates’’ (on 
the curves referred to above) because of the similarity 
of the assembly relationship to that of the through 
plates used in the beams, it should be noted that in the 
tension specimens furnished, the transverse materials 
were actually rolled bars, originally 2 in. wide, as previ- 
ously noted. The */, and 1'/2-in. thick butt bars 
occupied somewhat less than these lengths of the speci- 
men due to penetration of weld metal. On both sides 
of these short lengths of the material being tested, 
the weld metal with the affected zones represented 
harder material. The butt bar material therefore 
is in a condition similar to that of a tension specimen 
with very short length of reduced section between larger 
and stiffer ends. It is well known that, for specimens 
with short reduced sections between fillets, the apparent 
yield point and ultimate tensile stress are higher and 
the elongation and contraction of area are lower than 
for the same material with a longer free and unre- 
strained length. The proximity of the weld material 
affected the short length of butt bar material in a 
similar manner. The fractures, where they occurred 
in the butt bar or the adjacent weld material, had very 
little contraction of area and, during the progress of the 
tests, the location of the stiffer welds could be distinctly 
seen by greater width as compared with the contracted 
plates on either side, resulting in a wavy surface across 
the joint. Table 2 shows the yield strengths of the 
three materials as determined by strains measured over 
'/s-in. gage lengths and based on 0.2% permanent strain 
by the “offset method.’’ In comparing the values for 
the butt bar materials with yield points for the same 
material tested longitudinally, but as long, flat speci. 
mens, the effect of the type of specimen should be con- 
sidered. The yield strength as recorded for the butt 
bars across the thickness are 20 to 49% higher than 
the yield strength of the same material on the long! 
tudinal direction. 

The curves and tabulated values indicate that the 
elastic behavior of the butt bar and weld material was 
closely similar for all specimens except for the 1'/2-in. 
thick killed steel butt bars where the butt bar yield 
strength was considerably lower. The similarity con- 
firms the above discussion concerning the effects 0! 
proximity and the difference in the case of the thicker 
plate suggests that for the 1'/2-in. bar the influence o! 
the stiffer weld has been decreased. This suggestion 
could not be confirmed by tests on the companion speci- 
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mens of 1'/»-in. semi-killed steel because of a lamination 
in this butt bar which reduced the section and made 
strain measurements meaningless. 

Sections of the original stock used for each of the butt 
bars were etched with nitric acid. No laminations 
were found except in the 1'/:-in. thick semi-killed steel. 
Figure 22 shows the original 1 x 2-in. section with a seam 
at the center approximately '/, in. long. Figure 23 
shows this same seam in the tension specimens after 


machining to the l-in. width. 
Etchings of the various test specimens across the 


welded joint are also shown in Figs. 24 and 25. It wij) 
be noted that the penetration of the weld has reduced the 
width of all butt bars and, in the case of the °/,-in. 
bar, the '/:-in. gage length used for strain measure- 
ments necessarily extended into the weld metal. Slag 
inclusions are clearly evident and were found in the 
etching of all specimens, particularly at the root of 
the weld. Figures 26 and 27 show these inclusions in the 
fractures. 

Of the 30 specimens which showed no lamination in 
butt bar material, the location of fracture was as follows: 


Table 2—Tension Tests 


; Yield Strength, Psi. Ultimate 
Specimen Butt Bar Weld Butt Bar Stub Plate Strength, Psi. Location of Fracture 
C1A-1 5/1¢ in. Killed steel 53,600 53,400 40,000 66,700 Weld 
2 5/1, in. Killed steel PS ee onal 64,300 Between weld and butt bar 
3 5/16 in. Killed steel 54,600 52,800 39,400 63,700 Between weld and butt bar 
4 5/16 in. Killed steel 53,800 54,7 39,500 66,200 Stub plate 
5 5/1 in. Killed steel 48,400 54,900 39,300 64,700 Stub plate 
6 5/., in. Killed steel 54,100 53,300 40,000 67,600 Stub plate 
Average 52,900 53,800 39,640 65,500 
CI1B-1 °/, in. Killed steel 51,300 49,800 39,500 66,800 Between weld and butt bar 
2 3/, in. Killed steel 49,200 51,200 40,800 68,300 Stub plate 
3 3/, in. Killed steel 50,600 51,200 39,700 63,600 Weld 
4 3/, in. Killed steel 51,500 51,500 38,100 65,700 Between weld and butt bar 
5 3/, in. Killed steel 51,300 52,700 40,500 66,700 Stub plate 
6 5/, in. Killed steel 53,300 48,400 38,600 65,800 Stub plate 
Average 51,200 50,800 39,500 66,150 
C1C-1 1'/, in. Killed steel 48,300 39,700 ~ 39,600 65,700 Stub plate 
2 1'/, in. Killed steel 50,200 39,800 38,400 67,000 Stub plate 
3 1'/, in. Killed steel 55,100 47,100 39,800 67,200 Stub plate 
4 1'/, in. Killed steel 53,200 39,400 39,800 66,600 Stub plate 
5 1'/, in. Killed steel 54,200 39,700 40,500 67,200 Stub plate 
6 1'/, in. Killed steel 51,200 39,500 38,700 65,800 Between weld and butt bar 
Average 52,000 40,900 39,500 66,400 ° 
C2A-1 5/16 in. Semi-killed steel 53,800 55,200 37,700 59,200* Between weld and butt bar 
2 5/1. in. Semi-killed steel 54,700 57,700 39,000 67,800 Stub plate 
3 5/1, in. Semi-killed steel 52,400 55,400 39,800 65,600 Between weld and butt bar 
4 5/1, in. Semi-killed steel 53,000 55,700 39,300 64,100 Between weld and butt bar 
5 5/1, in. Semi-killed steel 56,700 56,200 40,000 68,500 Stub plate 
6 5/16 in. Semi-killed steel 54,000 54,500 39,000 64,400 Between weld and butt bar 
Average 54,100 55,900 39,100 64,900 
C2B-1 3/, in. Semi-killed steel 51,100 50,700 39,000 61,600 Butt bar 
2 5/, in. Semi-killed steel 48,700 50,300 39,300 61,700 Butt bar 
3 3/, in. Semi-killed steel 56,700 52,200 38,400 63,300 Butt bar 
4 3/, in. Semi-killed steel 48,200 45,700 38,700 61,200 Between weld and butt bar 
5 8/, in. Semi-killed steel 51,300 51,700 39,000 63,500 Between weld and butt bar 
6 3/, in. Semi-killed steel 50,300 46,800 39,500 60,700 Between weld and butt bar 
Average 51,000 49,600 38,980 62,000 
C2C-1 in. Semi-killed steel 40,500T Butt bar 
2 1'/, in. Semi-killed steel Lamination 37,600t Butt bar 
3 1'/, in. Semi-killed steel in butt 30,000t Butt bar 
4 1'/, in. Semi-killed steel plate 27,200t Butt bar 
5 1'/; in. Semi-killed steel 28,700t Butt bar 
6 1'/, in. Semi-killed steel 35,700t Butt bar 
Average 33,300t 
Properties of Stock Used for Butt Bars 
Test in Longitudinal Direction 
Ultimate Per Cent 
Thickness Yield Point, Strength, Elongation 
of Plate, In. Grade Psi. Psi. in 8 In. 
5/16 Killed 42,300 62,300 23.1 
3/4 Killed 35,900 62,800 31.8 
1'/, Killed 34,000 64,500 32.9 
5/16 Semi-killed 46,100 60,000 28.1 
3/, Semi-killed 33,200 55,300 36.5 
1'/; Semi-killed 31,100 60,200 36.0 
1 Structuralt 39,340 66,870 24.7 
* Specimen bent. 
t Based on gross area. 
t Material used for stub ends of specimens. 
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13 in stub plate (ends) at average of 66,870 psi. 

2 in weld metal at average of 65,150 psi. 

12 between weld metal and butt bar at average of 
63,750 psi. 

3 in butt bar (*/,-in. semi-killed steel) at average of 
62,200 psi. 


Although the welds contained slag inclusions and 
lacked complete fusion, these values are comparable with 
the ultimate strength of the butt bar material in the 


Fig. 15—Showing Condition of Unwelded Control Beam After 
Completion of Test 


16—Showing Condition of Welded Beam with °/,.-Inch 
Butt Plate After Completion of Test 


Fig. 17—-Showing Condition of Welded Beam with */,-Inch 
Butt Plate After Completion of Test 


longitudinal direction. The bar having a detectable 
seam was reduced in strength as was to be expected. 
The small variations between curves in the elastic range 
and the shape of the ‘‘knee’’ of the curve as shown in 
Figs. 19, 20 and 21 are largely due to slight misalign- 
ment of the stub plates. The alignment was reason- 
ably good considering the difficulty of preparing these 
small weldments. 


Summary and Conclusions 


The static tests on wide flange beams with butt 
welded splices indicate that ; 

1. Under the loading conditions of these tests, the 
butt-welded joints incorporating through plate stiffeners 
were of sufficient strength to develop the strength of the 
beams. 

2. Although the through plate stiffener modified the 
stresses in the vicinity of the joint, the elastic behavior, 
as indicated by deflections, was essentially the same 
for welded and unwelded beams. , 

3. All ultimate loads were dependent upon the buck 


Fig. 18—Longitudinal Section of Beam Through Flanges and 
*/.-Inch Butt Plate 
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ling resistance of the compression flange and higher 
resistance of the welded beams was primarily due to 
the effectiveness of the plate stiffener in delaying such 
buckling at the critical sections. 

4. No laminations or cracks were found in the plates 
or welds after test. 

The tension tests for comparison of the properties of 
killed and semi-killed steel across the thickness indicate 
that 

1. For the °/,».- and */,-in. bars, the elastic properties 
are closely similar to, and perhaps influenced by prox- 
imity to, the weld metal. The yield strength of the butt 
bars in each thickness and grade are higher than the 
yield point of the same material tested longitudinally. 
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2. A pronounced lamination was found in the 1'/»- 
in. semi-killed bar plate which reduced the strength 
in about the proportion of the reduction in section. No 
laminations were found by etching of the bars of other 
thicknesses from either grade of steel. 

3. Of the thirty specimens having no detectable 
lamination by etching, only three fractures occurred 
in the butt bar (*/,-in. semi-killed), although 12 frac- 
tures occurred at the junction of weld metal and butt 
bar. In all cases the ultimate strength of the speci- 
men was greater than the strength of the butt bar ma- 
terial in the longitudinal direction. 


Fig. 22—Section of 1'/.Inch Butt-Bar Stock Semi-Killed 
Steel-Etched 
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Fig. 23—-Specimens C2C, — Semi-Killed Steel Butt 
ars 


4. Whatever the influence of restraint by adjacent 
weld metal may be in modifying the properties of the in- 
termediate butt bars, this condition exists where 
through plates are used in butt joints and where the 
plates extend beyond the section of the members spliced. 


Fig. 24—-(Top)—-Specimen Killed Steel Butt 
ar 
(Bottom)—Specimen C2A—*/\s-Inch Semi-Killed Steel Butt 


Bar 


Fig. 26—-Showing Typical Fracture of Killed Steel Specimens 
at Weld. Left to Right: ClA(*/;, Inch), C1B(*/, Inch), CIC 
(1!/, Inch) 
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The stress within the through plate stiffeners is distributed 
over greater effective areas with the critical section at the 
penetration zone of the weld. Within the scope of these 
tests, the ultimate static strength of the butt bars 
across the thickness is comparable with the strength in 
the longitudinal direction, except where detectable 
laminations are present. 

5. The welds had large slag inclusions and lacked 
fusion at the root due to difficulties in preparing small 
weldments. The consistency of results, however, and 
the fact that 13 fractures occurred in the stub plates, 
remote from any influence of the welds, justify the 
comparisons made. 

6. The properties recorded apply to static loadings 
for the material tested, which, as noted, was rolled bar 
stock, and therefore the data do not necessarily apply 
to rolled plate, although it seems reasonable to assume 
similar directional strength relationships for rolled plate. 
The statistical probability of the presence of laminations 
or rolling defects cannot be determined from a limited 
number of tests. 
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Fig. 25--Specimens C2B, */,-Inch Semi-Killed Steel Butt 
Bars 


Fig. 27—-Showing Typical Fracture of Semi-Killed Steel Speci- 
mens at Weld. Left to Right: C2A(®/,, Inch), C2C(1! 
Inch), C2B(*/, Inch) 
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HE work done thus far has been of an exploratory 
nature in that the results of the pilot tests described 
below are expected to guide the selection of future 
specimens more nearly meeting actual plate-girder condi- 
tions. The results of the two welded and two riveted 
specimens are reported here. 

The specimens tested, W-1, R-1, W-2 and R-2, are 
shown in Fig. A. All specimens were fabricated by the 
American Bridge Company. The welded specimens were 
composed of plates and bars; the riveted specimens were 
made of plates and angles. Bearing surfaces were 


* A progress report rendered to the Structural Committee of the Welding 
Research Committee 

t Assistant Professor of Civil Engineering, Carnegie Institute of Technology, 
Pittsburgh, Pennsylvania. 

a Research Committee Fellow at Carnegie Institute of Tech- 
nology. 


Investigation of Welded and Riveted 


Load-Bearing Stiffeners of Plate 
Girders 


By F. J. Evans’ and Harry Brenman‘ 


milled and in the riveted specimens the angle leg bearing 
against the web plate was chamfered. Before testing, 
the specimens were painted with whitewash to show up 
strains. 

Compression tests were run in a vertical, screw-driven, 
beam and poise, 400,000-Ib. testing machine. Load was 
applied to specimens through a spherical bearing. With 
the exception of specimen (R-1), deformation was 
measured under load increments of 10,000 Ib. Failure 
was considered to have occurred when a sudden in 
crease of deformation took place under the normal load 
increment. To determine load at failure, load vs. def 
ormation curves shown in Figs. 1, 2 and 3 were plotted 
The point at which the curve deviated from a straight 
line was arbitrarily selected as the point of initial failure, 
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and the load at this point was considered load at failure. 
The abscissas of these curves are the average of dial 
readings. 

This procedure, as mentioned above, was followed 
with specimens W-1, W-2, R-2, but not with specimen 
R-1. Specimen R-1 was the first tested and the idea 
of determining initial failure on the above basis was 
not decided on until after the test had already been com- 
pleted. The failing load for specimen (R-1) was deduced 
from notes and photographs taken during the test. 


90060 200 250 270 


AVERAGE DIAL READING—ONE DIV. = 0.001” 
1942 
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Tensile tests were run on samples taken from the 
material of which the specimens were fabricated. These 
samples were machined to conform with the A.S.T.M 
standards for an 8-in. gage-length test specimen and the 
results of the tests are: 


Sample from 
Bars 
35,800 psi. 
60 »400 psi 


Sample from 
Angles 
Yield point 36,000 psi 
Tensile strength 59,000 psi 
Elongation: in 2 in 50% 
Elongation: in 8 in 31% 30% 


Results of Tests 


Stress 
at 
Failure 
Speci- ; 
men 
No. Design Stress 
(W-1) 18,000 psi. in axial 
compression 
27,000 psi. in bearing 
18,000 psi. in axial 
compression 
27,000 psi. in bearing 


Design 
Stress 


Stress at 
Failure 


Load at 
Failure 


101,000 Ib. 
102,000 Ib. 


33,800 psi. 
(R-1) 38,500 psi 
(W-2) 
101,000 Ib. 
84,000 Ib. 


33,800 psi 
32,700 psi. 


(R-2) 


o 
x 


LOAD 


--$ 


Ag 


AVERAGE DIAL READING—ONE Div. 0.001" 


Specimen (W-1).—The initial strain lines were hori- 
zontal and appeared about three inches below the top 
and above the bottom or approximately the middle of 
the outermost welds (Figs. 6 and 7). Continued ap- 
plication of load increased the whitewash markings and 
definitely bore out this horizontal tendency However, 
in Figs. 8 and 9 it is seen that lines are beginning to 
appear at 45° superimposed over the horizontal lines. 
These 45° lines appeared after initial yielding had begun. 
With their appearance formation of horizontal lines in- 
creased, but now they were confined to the first half-inch 
of the stiffeners at both top and bottom. The 45° lines 
continued to form in the area already covered with hori 
zontal lines (see Figs. 10 and 11). This concentration of 
horizontal lines in the portion of the stiffeners unsup- 
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4—Front of W-1 at 


Fig. 5—Rear of W-1 at Fig. 
Start of Test 


Start of Test 


ported by welds indicated that the stiffeners were begin- 
ning to bend horizontally at these points. The stiffener 
plates did bend as much as they could, but the stiffening 
effect of the welds apparently forced stress along 45° 
lines until the outer edge of the stiffeners failed. Figure 
12 shows this clearly. Also apparent from Fig. 12 are 


6—Front 
Under Load of 106,000 Lb. 


of W-l Fig. 7—Rear of W-l Under 


Load of 106,000 Lb. Load of 124,400 Lb. 


the strain lines opposite the middle two welds. These 
lines appeared after initial yielding had occurred. 
Specimen (R-1).—This specimen was the riveted 


counterpart of specimen (W-1). It failed in a similar 
manner and at approximately the same load as the 
welded specimen. Initial strain lines were horizontal 


Fig. 9—Rear of W-l Under Fig. 10—Front of W-1 Under Fig. 11—Rear of W-l Under Fig. 12—Side of W-1 Under Maxi- 


Load of 124,400 Lb. 
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Fig. 13—Front of R-l 


Fig. 14—Rear of R-1 at Start 
at Start of Test of Test 


Fig. 18—Rear of R-l Under Fig. 19—Side of R-1 Under Maxi- 
Maximum —_ of 167,000 mum Load of 167,000 Lb. 


but differed in that they originated closer to top and 
bottom (Figs. 15 and 16). The action as described 
above for W-1 could very well be repeated in describing 
the action of R-1. In this case the leg bearing against 
the web plate seems to have stiffened the outstanding 
leg in the same manner as the welds stiffened the stiffener 
plates. Like W-1 the stress was forced along 45° lines 
as shown in Figs. 17 and 18. Final failure occurred in 
the extreme edges of the outstanding legs, which com- 
pressed until load was bearing on the chamfered legs. 
Maximum distortion took place midway between the 
first two rivets. Comparison of Figs. 12 and 19 show 
the similarity of failure of W-1 and R-1. 

Specimen (W-2).—When tested, this specimen acted 
similarly to specimen W-1. This could be expected 


Fig. 15—Front of R-1l 
Under Load of 102,000 Lb. 


Load of 102,000 Lb. 
of 167,000 Lb. 


since the portion of the stiffeners being subjected 
to load was identical with specimen No. 1. Initial 
strain lines were slightly different, however, running 
from the extreme edge of the top of the stiffeners to the 
middle of the topmost weld. Application of more load 
brought out the horizontal lines indicating bending (see 
Figs. 22 and 23). These lines increased much more 
rapidly than the 45° lines that appeared initially. No 
failure was apparent in the web plate although strain 
lines did appear opposite the welds. These may have 
been caused by the resistance of the welds to the bowing 
action of the entire stiffener as shown in Fig. 24. In- 
creasing load caused the same general action as was noted 
in the previous specimens tested. The final result was 
the same, i.e., ultimate failure taking place in the ex- 
treme edges of the stiffener plates by local plastic buck- 


Fig. 20—Front of W-2 at Fig. 21—-Rear of W-2 at 
Start of Test Start of Test 
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Fig. 16—Rear of R-l1 Under Fig. 17—-Front of R-l 
Under Maximum Load 
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Fig. 22—Front of W-2 Fig. 23—Rear of W-2 
Under Load of 120,000 Lb. Under Load of 120,000 Lb. 


ling opposite the bottom of the topmost weld (see Fig. 
27). The appearance of the specimen at completion 
of the test is shown in Figs. 25 and 26. 

Specimen (R-2).—The action of this specimen was 
similar to specimen (R-1). However, failure occurred 
at a much lower load. There seemed to be no particular 
reason for this, and no reasonable explanation was ap- 
parent. It may have been faulty technique in centering 
and adjusting the specimen. A true answer would 
necessitate testing another identical specimen. In spite 
of this fact, the similarity of its behavior to the other 
specimens indicates its probable action under load. 
Failure occurred exactly as it did in specimen R-l, 
i.e., local plastic buckling in the edges of the outstanding 
leg between the top two rivets (F gs. 28, 29 and 30). 


Fig. 24—Side of W-2 Fig. 25—Front of W-2 
Under Load of 102,000 Lb. Under Maximum Load of 
144,000 Lb. 


The specimens, as indicated in the previous detailed 
descriptions, all acted similarly. Design assumptions, 
however, were different in the case of the welded speci- 
mens from those of the riveted specimens. A.R E.A. 
specifications were used in both cases. The stiffeners 
were designed on the basis of 18,000 psi. in axial compres- 
sion on the cross-sectional area or 27,000 psi. in bearing 


Fiq. 26—Rear of W-2 Fig. 27—Side of W-2 Under 
Under Maximum Load Maximum Load of 144,000 Lb. 
of 144,000 Lb. 


Fig. 28—Front of R-2 After Fig. 29—Side of R-2 After 
Maximum Load of 120,000 Lb. Maximum Load of 120,000 Lb. 


on the outstanding leg, whichever was less. In the 
welded specimens, where the cross-sectional area and 
bearing area are the same, the 18,000 psi., of course. 
governed. Whereas in the angle stiffeners, where the 
bearing area was considered as the area of the outstand- 
ing leg minus the area lost by chamfering, the 27,000 
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psi. in bearing governed. Regardless of design as- 
sumptions, the specimens acted in the same way and ap- 
parently failed in the same manner. Inasmuch as 
welded and riveted specimens of the designs tested acted 
so much alike, it appears as if design assumptions should 
be the same for both types. 

In comparing the results of the tests with each other, 
it seems that the following facts are true: 

1. Welded and riveted construction compare favor- 
ably. 


Fig. 30—Rear of R-2 After Maximum 
Load of 120,000 Lb. 


2. Initial yielding takes place on a horizontal section 


about one-half inch away from point of load application 
in the portion of the stiffener unsupported by welds or 
the connected leg. If this is true, it seems that the 
refinement of deducting the chamfered area of the out- 
standing leg is unnecessary. 

3. Final failure occurs in the extreme edges of the 
stiffeners due to local plastic failure. 

4. The welds seem to have a stiffening effect on the 

stiffeners similar to the leg of the angle stiffener bear- 
ing against the web plate. 
_ These tests do not indicate the true action of stiffeners 
in an actual girder but will serve as a means of compari- 
son with actual stiffener action. They will serve to 
show whether stiffeners in a girder act as direct com- 
pression members, and if not, how they differ from direct 
compression action. Designs are being completed for 
several specimens that will more nearly parallel actual 
conditions of stress in plate-girder construction. 
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Residual Stresses in 
Pure Tension Revealed 
by X-ray Ditfraction 
Method’ 


By F. Bollenrath, V. Hauk and E. Osswald 


HE most important feature of the X-ray diffrac- 

tion method of stress measurement consists in 

that it measures only the elastic part of the def- 
ormation undergone by a structure. In this way it ts 
still possible to calculate the amount of stress set up by 
the deformation, even though the elastic limit of the 
material has been exceeded.' 

This procedure was utilized by the authors to check 
the stress distribution in pure tension below and above 
the elastic limit. 

Three specimens were tested. Their cross sections 
measured, respectively: 0.68 x 0.68 in., 0.64 x 0.64 in. and 
0.47 x 0.47 in. They had the following composition: 
0.11% C,0.5% Mn, 0.1% Si, Si + P = 0.08%, and were 
heat treated in such a way as to develop a suitable grain 
size for the X-ray diffraction technique.’ 

The deformation in tension was measured by means of 
Martens extensometers (mirror extensometers) and 
plotted in the usual way against stress, which was com- 
puted from the load divided by the tross section of the 
specimen. At the same time stresses were measured by 
means of the X-ray diffraction technique at three differ- 
ent spots on the surface of the specimen. Using the same 
value of modulus of elasticity = 28,500,000 psi. it was 
found, Table 1 (a), that the agreement between stresses 
measured by means of the mechanical and X-ray dif 
fraction methods was within the limits of probable error 
below and close to the elastic limit. 


Table 1—Measurement of Stresses Below and Above the 
Elastic Limit. Specimens 2 and 3 


—————Stress in Lb./Sq. In 


Strain, Load X-ray Diffraction Method 
Cross Section 2 3 


(a) Below the Elastic Limit, Specimen 3 


0.04 14,200 12,700 15,300 
0.08 28,400 28,400 28, 800 30,500 
0.12 37,000 37,000 38,500 


(b) Above the Elastic Limit, Specimen 3 


1.00 34,000 17,000 7,000 
2.00 34,500 17,000 17,000 7,000 
3.00 36,000 28,000 20,000 17,000 


Above the Elastic Limit, Specimen 2 


1.0 30,000 20,000 18,300 
5.8 42,500 10,000 9,000 
) 47,000 17,000 11,400 


11.{ 


However, as soon as the elastic limit of the material 
was exceeded, the stresses measured on the surface of the 
specimens by means of X-ray diffraction method mark 
edly departed from the assumed uniformly distributed 


* Abstracted by D. Rosenthal from V D/, 83 (5) 129 (Feb. 4, 1939) 


! The calculation is based upon the assumption that the stress is still related 
to the elastic part of the deformation by means of Hooke's law (note of the 
abstracter) 

2? The heat treatment consisted in heating the specimen up to 950° C. in 
neutral atmosphere, quenching and tempering at 550° C. for 5 hours Thi 


accounts for the high elastic limit of 55,500 psi. 
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(average) stress. They were widely scattered, all of 
them well below the average stress, Table 1 (>). The test 
was discontinued at 11% deformation, at which value 
the X-ray diffraction diagrams were no longer suitable for 
measurement because of grain distortion. 

When unloaded the specimens revealed compressive 
residual stresses on the surface and also below the sur- 
face, when etched away with hydrochloric acid down to a 
depth of 1 mm. (= 0.039 in.). The amount of the re- 
sidual stresses increased somewhat as the plastic defor- 
mation increased, Table 2. They were found to be longi- 
tudinal on the surface (uniaxial state of stress) and longi- 
tudinal and transverse below the surface (biaxial state). 
The conclusions drawn from these results by the authors 
were the following: 


Table 2—Residual Compressive Stress After Unloading in 
Lb. /Sq. In. for a Given Amount of Total (Plastic and Elastic) 


Deformation 
Strain, Spot on the Surface of Specimen————-— 
% 1 2 3 Average 
Specimen 3 
1.0 — 10,000 — 28,000 — 42,200 — 26,500 
2.0 — 21,200 —21,200 — 32,000 — 24,000 
3.0 — 14,000 — 17,000 —34,000 — 22,000 
Specimen 2 
5.8 — 37,000 — 38,500 : — 37,700 
11.0 —41,000 — 42,000 — 20,000 — 36,000 


As soon as the elastic limit of the material is exceeded 
in pure tension, the deformation is no longer uniform 
no matter how symmetrically the specimen is loaded. 
The plastic flow which follows is greater at the surface 
than it is at the core of the specimen, probably due to a 
greater freedom for the grains to yield plastically at the 


surface.* As a consequence of the uneven plastic def- 
ormation, residual compressive stresses are set up on the 
surface. Being superimposed upon the external tensile 
stress, they lower the value of the latter to the extent 
shown by the measurements. For the sake of equilib 
rium compressive residual stresses at the surface involve 
residual tensile stresses at the core. Thus, as the elastic 
limit is exceeded the core of the specimen is stressed 
higher and the surface is stressed lower than indicated 
by the ratio of load over cross section. The state of 
stress is no longer a uniform and uniaxial tension. 

This being so, the X-ray diffraction method of stress 
measurement becomes of paramount value for investi- 
gating the behavior of plastically strained materials. 
It may also provide a better insight into the situation en- 
countered sometimes in welding where compressive 
residual stresses are found in deposits which normally 
would be expected in high tension. 


Abstracter’s Comment 


The fact that residual stresses are apparently set up 
even in pure tension when the elastic limit is exceeded 
may have two far-reaching consequences. 

In the first place it may offset the common belief that 
plastic deformation tends to equalize the stress distribu- 
tion, as of necessity the existence of residual stresses in 
volves uneven stress distribution. 

Second, it may definitely rule out the overstressing as 
a means of removing residual stresses set up by welding. 
Nevertheless, it does not preclude the possibility of 
using overstressing as a means of replacing the existing 
state of residual stress by another more favorable with 
respect to the working stress, nor as a means of cutting 
down the peak of the stress. 


3 This point of view has been set forth more recently in a paper by O. S 
Kochler, Physical Review, V. 60, p. 397, No. 5 (September 1941) (note of the 
abstracter). 


A Quick Method of 
Comparing Weldability 
of Substitute Steels’ 


By A. B. Kinzel' 


HE problem of predicting weldability has long 

been with us and has been particularly tantaliz- 

ing in that if all the conditions were quantita- 
tively known weldability could well be predicted. This 
applies particularly to the effect of the welding tempera- 
ture cycle on the steel adjacent to the weld. A method 
for handling readily obtainable data on this phenomenon 
so as to arrive at a definite conclusion on weldability 
was proposed by the writer last fall.' This method dealt 
with the universal case on a basis of absolute measure- 
ments and was necessarily complex. In dealing with a 
specific instance the method becomes relatively simple. 
Such a specific instance comprises a steel being satisfac- 
torily welded in a joint of specific geometry by a specific 


* Contribution to the Welding Research Committee 

t Chief Metallurgist, Union Carbide and Carbon Research Labs., Inc., 
New York 

1A. B. Kinzel, “The Specification of the Weldability of Steels,” Tus 
WELDING JouRNAL, 20 (10), Research Suppl., 483-s to 491-s (Oct. 1941). 


process and technique and a specific steel intended to be 
used as a substitute in the same application. The sim- 
plification results from elimination of all absolute meas- 
urements and consideration of only that welding geom- 
etry, method and technique at hand. In other words, 
results need be purely relative and comparative. 

There follows a list of steps necessary to arrive at this 
comparison. In this list ‘‘standard steel’’ denotes the 
steel being regularly welded, and “‘new steel’ that under 
investigation. 

1. Section the joint made in the standard steel and 
determine maximum hardness next to the weld. (Vick- 
ers hardness is preferred but Rockwell hardness is satts- 
factory for this procedure.) 

2. Run a Jominy end quench test on the standard 
steel after heating to 1700° F. and determine the dis- 
tance from the end at which the hardness is the same as 
that established in item 1. (While the standard Jominy 
bar is preferred, any bar of reasonable cross section, such 
as */, in. square or '/. by 1 in. rectangular cross section 
may be used.) 

3. Heat three strips of the standard steel to 2100° F., 
air cool one, cool one by air blast and one by oil dip. 
The width of the bars is preferably 1'/2 times or more 
than the thickness, and they should be long enough for 
convenient bend test. After heat treatment, measure 
the hardness of the bars, cut a standard notch 
across one face of each, bend and measure the angles. 
Interpolate for the angle corresponding to that hardness 
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measuredinitem 1. This is an index of ductility and weld- 
ability as far as heat effect next to the weld is concerned. 

{. Run a Jominy end quench test on the new steel 
using procedure identical to that in item 2. Measure 
hardness at that distance from the end determined in 
item 2. This gives hardness to be expected in the weld- 
ing operation. 

5. Prepare two or three bend bars of the new steel 
identically as in item 3, and subject to the same proce- 
dure. Interpolate for angle of bend corresponding to 
that hardness determined in item 4. Comparison of 
this angle of bend and the angle of bend found in item 3 
gives relative weldability under the specific conditions 
pertaining to the joint selected in item 1. 

To illustrate this system a comparison was made of 
steel N.E. 8630 with S.A.E. 4130 used in a joint com- 
prising a single layer fillet tee weld made by the metallic 
arc on */, by 2'/,-in. plates. In this weld 4/,.-in. diame- 
ter carbon-molybdenum electrodes of well-known make 
were used with welding current of 160 amp. The 
fillet was °/1¢ in. on edge. 

In line with item 1 the weld was sectioned, lightly 
etched to disclose the boundaries of the heat-affected 
zone and maximum hardness measured with a Rockwell 
tester. The maximum hardness was Rockwell ‘‘C’’ 40. 
In line with item 2, a */,-in. round bar 3 in. long of the 
S.A.E. 4130 steel was end quenched after heating 
for 1 hr. in cast-iron chips. Hardness readings taken 
along the bar showed that the value Re 40, ob- 
tained in item 1, occurred 0.338 in. from the quenched 
end. In line with item 3, three test bars '/2 by 1'/: by 
6 in. of the S.A.E. 4130 were heated to 2100° F. and 
cooled in still air, in an air blast and in oil, respectively. 
Hardness was measured, a standard Izod notch cut across 
each bar face and the bars bent to initial failure. The 
angles were measured and by interpolation it was de- 
termined that 4.0° corresponded to Re 40. 

In line with item 4, a bar of the N.E. 8630 identical in 
all respects except composition with that used in item 2 
was subjected to the same end quench procedure. At 
the distance of 0.338 in. determined in item 2, Rc on the 
N.E. 8630 steel was 42.8 in line with item 5. The proce- 
dure in item 3 was then duplicated, using N.E. 8630 steel 
and 4.3° was found to correspond with 42.8 Rc. These 
data are assembled in the following table: 


Introduction 


URING recent years, the penetration and conse- 
quent weakening of various metals and alloys 
by molten solder and other materials have re- 

sulted in extensive metallurgical research and experi- 
mentation. We quote the following comments of one 
author. 

* Submitted originally as a thesis in June 1939 by Robert W. Schroeder in 
Partial fulfilment of the requirements for the degree of Bachelor of Mechanical 
Engineering at the Polytechnic Institute of Brooklyn. A contribution to the 
Fundamental Research Division, Welding Research Committee. 

t Associate Professor, Metallurgical Engineering, Polytechnic Institute of 


Brooklyn. 
t Former student, Polytechnic Institute of Brooklyn. 


A Study ofthe Embrittling Effect of 
Zinc Upon Stainless Steel 


By O. H. Henry' and R. W. Schroeder 
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“Standard Steel’’ “New Steel” 
S.A.E. 4130 N.E. 8630 
Maximum Rockwell 
“C” hardness 
adjacent to weld 40.0 a 
Jominy test bar Re 40.0 at 0.338 in. At 0.338 in Re 42.8 
Angle of bend At Re 40.0-4.0° At Rc 42.8-4.3° 


From the above it was concluded that the weldability 
of the two steels was practically identical as concerns 
the heat effect next to the weld in the joint in question. 

To check this conclusion a weld was made in the new 
steel, attempting to duplicate all conditions of welding. 
The weld was sectioned and a maximum Rockwell hard- 
ness of 40.6 was found. It should be noted that 42.8 
was predicted. The difference is minor and may well 
have resulted from small variations that are to be ex- 
pected in hand welding. Both this weld and the weld 
made in the standard steel used in item 1 were then 
notched in such manner as to place the bottom of the 
notch at the zone of maximum hardness. The joints 
were then bent and the angles measured. The angle of 
bend was identical for the two steels—namely, 5.5° 
It should be noted that only the relative difference be- 
tween the two welds is of interest and that there is no 
reason to expect the angle of bend in the weld proper to 
be the same as that in the test specimen. This is due to 
the fact that the hardness of the test specimen is the same 
throughout, whereas the hardness adjacent to the weld 
drops off rapidly from the maximum. The important 
thing is that the bend values of the two steels are the 
same both in the test specimens and in the welds proper 
thus confirming the prediction that the*weldability of the 
new steel is substantially the same as the standard steel 
as far as heat effect next to the particular weld in question 
is concerned. It must again be emphasized that this 
procedure applies to weldability only as regards the heat 
effect of welding on the base metal. If other factors are 
involved the reader should refer to the paper above cited. 

It is a pleasure to acknowledge the work of Mr. Koop- 
man of the Union Carbide and Carbon Research Labora- 
tories, who carried out the illustrative comparison cited 
above, as well as the helpful discussions on the subject 
with Messrs. J. R. Dawson, Walter Crafts and A. R. 
Lytle of the staff. 


“In making some of the more unconventional tests on 
high-tensile steels at Fore River (Fore River Plant, 
Bethlehem Shipbuilding Corporation, Ltd.), we encoun- 
tered a type of defect that had not been encountered on 
mild steel. We are all familiar with the zinc-lead-tin 
solders for repairing galvanized coatings that have be- 
come burnt off in welding or have been otherwise locally 
damaged. We found that, if the galvanized coating on 
manganese vanadium steels was then repaired and then 
reheated, as by welding, the coating compound would 
penetrate clear through the steel, developing either a 
brittle-like crack or reducing the tensile strength of the 
steel to such a low value that it would break on being 
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dropped. This condition leads to the requirement that 
lead-tin bearing coatings must not be used on manganese 
vanadium steel, though this is probably true of any high- 
tensile steel capable of heat treatment. The author has 
previously encountered this condition on chrome-nickel 
steel, nickel steel and, of course, on stained brasses. A 
similar condition is encountered when zinc from galvanizing 
penetrates a weld in corrosion-resisting steel.’”* 

It is desired to ascertain the relative susceptibilities 
of the chromium-nickel steel and the chromium steel to 
penetration, and to note the type of penetration that oc- 
curs. The relative tendencies of the non-ferrous metals 
and alloys to penetrate high-tensile alloy steel should be 
noted as well as the conditions under which such pene- 
tration occurs. A comparison of the physical properties 
of the alloy steel with its affected region, in cases where 
the affected region is sufficiently large to permit such 
tests, should prove to be of value and of interest. 


Analyses and Properties of Alloy Steels Investigated 


The alloy steels used in these investigations were 
manufactured by the United States Steel Company, and 
were purchased from Peter A. Frasse, Inc., of New York. 
The following analyses are taken from the Frasse Certi- 
fied Stock List: 


USS 18-8 USS 12 FM 
Type No 302 416 
Chromium 17/19% 12/14% 
Nickel 
Carbon 0.08/0.20 0.12 max. 


S or Se 0.07 min. 
or Mo 0.60 max. 


Sp. wt. (tb. /in.* 0.286 0.276 


Melting range (° F.) 2550-2590 2750-2790 
Coefficient of thermal 

expansion (low car- 

bon steel—1l, 32 to 

212° F.) 1.45 0.93 
Rockwell hardness B75-90 B76 


Analyses and Properties of Non-Ferrous Metals and 
Alloys 


The zinc and tin used require no analyses as each is, in 
itself, an element. They were both in the chemically 
pure state when placed in the “bomb” (Fig. 1). Tobin 
bronze is an alloy used in brazing and had been selected 
for use in these tests because it had been known to have 
penetrated alloy steels. The chemical analysis of tobin 
bronze is as follows: copper, 60%; zinc, 39%; tin, 1%. 

It is imperative that the non-ferrous metal or alloy is 
in the molten condition if intergranular penetration is 
to be expected. However, the temperature must not be 
allowed to exceed the boiling point of the substance at 
atmospheric pressure, as it is extremely difficult to retain 
the vapor unless elaborate equipment is devised. 


Melting Boiling 
Temperature Temperature 
(° F.) (° F.) 
Tin 449.6 4100 
Copper 1981.4 4259 
Zine 787 1661 
Tobin bronze 1625 ee 


1 Paul Fifield, Materials Engineer, Bethlehem Shipbuilding Corp., Ltd. 
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Fig. 1—Test Specimen 


Apparatus 


In order to facilitate the exposure of the alloy steels to 
the molten non-ferrous metals, ‘bombs’ (see Fig. 1) 
were constructed. 

In the case of the 18-8 stainless steel, a bar of */,-in. 
cold-rolled 18-8 steel was obtained and cut into segments 
1'/, in. long. Each segment was faced on a lathe, the 
segment being locked in the universal chuck, and drilled, 
with a °/;.-in. drill, to within '/,in. of the bottom. The 
drilled hole was then reamed to within '/» in. of the top of 
the segment with a standard tapered pin reamer. The 
non-ferrous metal or alloy was then placed in the hole to 
a depth of '/,in. Slugs of 18-8 stainless steel were made 
by cutting °/,-in. round, cold-rolled, stock into '/;-in. 
lengths. These slugs were used in order to insulate the 
non-ferrous metal or alloy from the carbon steel tapered 
pin, the latter being placed into position and wedged 
tightly by applying pressure with a vise. 


Procedure 


The ‘‘bombs”’ having been constructed and assembled, 
the initial heat run was conducted with two bombs of 
each 18-8 stainless steel and chromium steel, one bomb 
of each material containing zinc and the other tobin 
bronze. A temperature of 1100° F. was maintained for 
one hour and the specimens were then quenched in cold 
water. 

When the bombs were cut through a transverse sec- 
tion and examined microscopically, it was found that the 
zinc had apparently penetrated the 18-8 stainless steel 
to a very slight degree but that the chromium steel was 
unaffected. The tobin bronze had failed to attack either 
of the alloy steels. It is of vital importance to note that 
at this temperature the zinc was in a molten condition 
but the melting point of the tobin bronze had not been 
attained. 
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Having been assured that penetration would occur, in 
one case at least, by the results of the first experiment, 
without the presence of any externally applied stresses, the 
next logical step was to raise the temperature and to pro- 
long the time of exposure in order to obtain a deeper 
penetration. It was believed that a deeper penetration 
would greatly facilitate the microscopic examination of 
the specimen. A temperature of 2400° F. was tried for a 
period of 3 hr. 

Unfortunately, however, 4 min. and 35 sec. after the 
specimens were placed in the high-speed steel furnace, at 
a temperature of 2400° F., the strong odor of zinc vapor 
permeating the laboratory announced the discharge of 
one or more wedges from their respective bombs. It was 
found that the wedges were absent from all the bombs 
with the single exception of the chromium steel bomb 
filled with tobin bronze. 

Upon sectioning the bombs, it was found that the zinc 
and tobin bronze had completely volatilized. The bomb 
that still retained its wedge, that is, chromium steel 
filled with tobin bronze, was found to have had an empty 
void in the place formerly occupied by the tobin bronze. 
Subsequent microscopic examination showed a penetra- 
tion in this single case. In the other three instances the 
premature removal of the zinc and tobin bronze had pre- 
vented penetration. 


Inasmuch as the temperature of 2400° F. had proved 
itself too high for the retention of the metallic vapors, 
another test was conducted at a temperature of 1700° F. 
This temperature was chosen as it was desired to make 
certain that the tobin bronze would be in a molten condi- 
tion (tobin bronze melts at 1625° F.) and it was consid- 
ered essential that the normal boiling point of zinc be 
exceeded no more than was necessary. (Under normal 
atmospheric pressure, zinc boils at 1661° F.) At the 
temperature chosen, the pressure attained by molten 
zine in an enclosed vessel will be 18.6 psi., absolute, or 
3.9 psi., gage. It was felt that the tapered pin could 
safely withstand this pressure without becoming dis- 
lodged. 


1942 


EMBRITTLING EFFECT OF ZINC 


As previously, the specimens were removed from the 
furnace and quenched in cold water after 3 hr. had ex- 
pired. 

Upon microscopic examination of transverse sections 
of the specimens, it was found that zinc had penetrated 
the 18-8 steel, in a distinctly intergranular manner, for a 
distance of 0.11 in. uniformly about the drilled hole. 
The zine had also penetrated the chromium steel to a 
depth of 0.01 in. uniformly. Tobin bronze appeared to 
be less active in causing intergranular penetration than 
zinc. Although it penetrated 18-8 stainless steel to a 
depth of 0.01 in., its effects on chromium steel were 
scarcely noticeable under high magnification. 


Fig. 3—USS 12 FM Exposed to Zinc for 3 Hr. at 1700° F. 
x 100 


In order to determine the effect of time of exposure 
upon penetration, with regard to depth of penetration 
and manner of penetration, three specimens of 18-8 
stainless steel filled with zinc and three of chromium 
steel filled with zinc were placed in a furnace and one set 
was removed at the end of each4hrs. Also placed in the 
furnace to remain for the entire duration of the test, 12 
hr., were specimens of 18-8 stainless steel] and chromium 
steel, specimens of each containing tobin bronze and tin. 

The temperature chosen for this test was 1640° F., 
as this temperature is mid-way between the normal melt- 
ing temperature of tobin bronze (1625° F.) and the nor- 
mal boiling temperature of zinc (1661° F.). By means 
of selecting this temperature we are granted assurance 
that the tobin bronze will be in a molten state thoughout 
the duration of the test and that zinc is in no danger of 


boiling. 
Figure 2 illustrates 18-8 exposed to zine for 3 hr. at 
1700° F. A characteristically intergranular penetration 


is noticed here. Although the photomicrograph shows 
only a relatively small portion of the affected area, the 
zinc penetrated the 18-8 stainless steel to a depth of 
0.11 in. uniformly about the drilled hole. As revealed 
by the photomicrograph, the sections of stainless steel 
nearest to the zinc were penetrated so heavily that large 
particles of the steel disintegrated. 

Figure 3 shows 12 FM exposed to zinc for 3 hr. at 1700° 
F. The premature removal of the zinc by volatilization 
undoubtedly hindered the penetration of the chromium 
steel by the zinc. However, a small penetration is evi- 
denced. There are several signs of intergranular pene- 
tration, but the penetration is not as characteristically 
intergranular as was the case with 1S-S stainless steel 
and zinc. The irregular outline of the cavity is indica 
tive of the fact that the steel in direct contact with the 
zinc was partially disintegrated. It is possible that this 
steel migrated into the zinc to form an iron-zinc com 
pound. Small voids in the affected area of the chromium 
steel also give evidence of embrittlement. 

The affected region is more noticeable because of its 
discoloration than because of any indications of zinc 
penetrating around the grain boundaries. 
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Fig. 2—USS 18-8 Exposed to Zinc for 3 Hr. at1700°F. 100 


Figure 4 illustrates 18-S exposed to tobin bronze for 
3 hr. at 1700° F. Another typical case of intergranular 
penetration of steels is evidenced here. The tobin 
bronze, by penetrating between the grain boundaries of 
the steel, has clearly accented the latter. Lines of white 
crystals seen in tobin bronze seem to have been peeled 
from the steel, leaving a space subsequently filled by 
tobin bronze. The large crack in the tobin bronze was 
caused, in all probability, by the rapid cooling resulting 
from the quenching operation. The fact that some of 
the tobin bronze ventured into the steel caused a short- 
age of tobin bronze in the drilled hole. This would cause 
a crack or similar void in the tobin bronze. 


Fig. 4~-USS 18-8 Exposed to Tobin Bronze for 3 Hr. at 1700° F. 
x 100 


It is interesting to note that the tobin bronze seems to 
have penetrated radially whereas zinc formed in lines 
perpendicular to the normal. 

Figure 5 shows USS 12 FM exposed to tobin bronze for 
3 hr. at 1700° F. A very small penetration appears to 
have started. The degree of the penetration makes it 
exceedingly speculative to stipulate the nature of the 
penetration. However, it appears to be of the inter- 
granular variety. Contrasting this penetration with the 
penetration of tobin bronze into 18-8 stainless steel under 
the same conditions of temperature and time of exposure 
leads to the hypothesis that 18-8 stainless steel is more 
susceptible to penetration by tobin bronze than chro- 
mium steel. 

Reviewing the results of the tests at 1700° F. for 3 hr.: 

Zine will penetrate either 18-8 stainless steel or chro- 
mium steel at 1700° F., with no stress other than internal 
cold-rolling stresses present. However, it is noticed that 
LS-8 stainless steel is more susceptible to intergranular 
penetration than the chromium steel. 

Tobin bronze will penetrate either 18-8 stainless steel 
or chromium steel at 1700° F., with no stresses other than 
internal cold-rolling stresses present. The 18-8 stain- 
less steel is more vulnerable to penetration by tobin 
bronze than USS 12 FM chromium steel. 

The tests at 1100° as well as those at 1700° F. indicate 
that zine is a more active agent in causing intergranular 
penetration, in the cases of 18-8 stainless steel and 12 
FM chromium steel, than tobin bronze. 


external stress is required. 


lieved. 
depth of penetration. 


WELDING RESEARCH SUPPLEMENT 


Fig. 5—-USS 12 FM Exposed to -y Bronze for 3 Hr. at 1700° F 
x1 


Conclusions 


The following conclusions are drawn from the tests 
made: 

1. Both 18-8 and 12 FM in the cold-rolled state are 
subject to intergranular penetration by certain non- 
ferrous metals and alloys at elevated temperatures. No 
However, the non-ferrous 
metals and alloys must be in either the molten or the 
gaseous state. 

2. Zinc is a more active agent than either tin or tobin 
bronze in causing penetration into 12 FM; zinc is a more 
active agent than tobin bronze in causing penetration 
into 18-8. An insufficient number of tests were made 
with tin to permit of any generalization. However, 
those tests that were run indicate that tin is about as ac- 
tive as zinc in causing intergranular penetration of 18-8 

3. Depth of penetration is largely dependent upon 
the temperature of exposure. 

4. If no external forces are applied, and internal cold- 


rolling stresses are the only stresses present, penetration 


will stop when the cold-rolling stresses have been re- 
Any further exposure will not result in a greater 


5. When steels are exposed to molten non-ferrous 
metals or alloys, under the conditions imposed upon 
them in the tests described, if a penetration occurs it will 


be uniform throughout. 


6. 18-8 seems to be susceptible to a purely inter 


granular penetration, whereas 12 FM is susceptible to a 
penetration that is mainly intergranular, but in which 


particles of the non-ferrous metal or alloy enter the in 


dividual grains. 


7. An insufficient number of physical tests were 
made to permit of any conclusive generalization, but 
those made indicate that the affected region is harder 
than the unaffected region. 

8. Microscopic study showed few cracks, even when 
the penetration was great. However, large voids indi- 
cated that the affected region was so brittle that large 
particles were broken off, most likely because of the 
sawing and subsequent polishing operations. It is be 
lieved that if these specimens were to be subjected to 
external tensile or bending stresses, particularly of an 
impact nature, immediate failure would result. 
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The Effect on the Endurance Limit of 
Submerging Resistance-Welded Fa- 
tigue Specimens in a Cold Chamber 


By O. H. Henry’ and P. L. Calamari’ 


Method of Testing 


HE same procedure and apparatus used in this 

report was described in a previous report pub- 

lished in the May 1942 issue of Welding Research 
Supplement by O. H. Henry and T. D. Coyne. 


Material 


Specimens 


The specimens were donated by General Electric 
Company, and were cut from 7/s-in. cold-rolled stock 
having the following composition: 


Carbon 0.25 
Manganese 0.67 
Sulphur 0.02 
Phosphorus 0.014 


All welds used in this report are resistance butt welds. 

The specimens were machined to the form indicated 
in Fig. 1 and all machining was done in the machine shop 
of the Polytechnic Institute of Brooklyn. 


Test Data 


A total of twenty-seven tests were conducted over a 
temperature range of from room temperature to —70° C. 


* Submitted originally as a thesis in 1937 by P. L. Calamari in partial 
fulfilment of the requirements for the degree of Master of Mechanical Engi- 
neering at the Polytechnic Institute of Brooklyn. A contribution to the 
Fundamental Research Division, Welding Research Committee 

t Associate Professor, Metallurgical Engineering, Polytechnic 
of Brooklyn. 

} Former student, Polytechnic Institute of Brooklyn. 
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TEMPERATURE IN DEGREES CENTRIGRADE 
AT THROAT OF SPECIMEN 


Fig. 2—Stress-Temperature Curve for Determination of En- 
durance Limit by Rise of Temperature Method 


These tests were run at the following temperatures: 
20°, 0°, —20°, —40°, —60° and —70° C. The tests 
were conducted at the rated speed of the motor, 2000 
r.p.m. 

A sample stress temperature curve for the determina- 
tion of the endurance limit by the “rise of the tempera- 
ture’ method is shown in Fig. 2. 


// 


Fig. 1—Form of Test Specimen 


291-s 


. Vix 

a 

50.000 

+ 4+ 4+ 4-4-4444 44+ +++ 4-4 4444 
+ + ++ ++ ++ + + +4 +4 + +++4-4 

+ ++ + + ee eee ++ +++ 
40.000. 

+44 

+ ++ 4 +++ > + 44+ 44 ++++ 44 
) 50 ENDURANCE LIMIT 20 
TOSS SPER SQUARE INCH 
14 

0 10 

- 
| 
| 4 
| 
! 
— 
S 
» | 

~ | 

| 


Table | 
Temperature, Test Values of Endurance Average Value, 
Limit, Psi. Psi. 
Welds 
2 27,100, 28,200, 26,000 27,100 
0 28,700, 27,200, 27,700 27,900 
—20) 29,000, 27,000, 30,000 28,700 
~40) 31,700, 30,500, 31,000, 29,700 30,700 
—H0 32,100, 31,500, 30,000, 31,000 31,200 
—70 32,500, 31,200, 31,600, 30,500 31,500 
Plate Metal 
20 30,800 
0 31,600 
—20 32,000 
—40 35,000 
—~—60 35,600 
—70 37,000 


The above results do not indicate the true strength 
of the material. They are shown only to compare the 
tensile strength of the plate metal and weld specimens. 


Conclusions 


It can be readily seen from the curves, Figs. 3 to 5 and 
Tables 1 and 2, that the endurance limit of both the 
plate metal and the welds shows a marked increase as the 
temperature is lowered. The largest increase in endur- 
ance limit for both plate metal and welds occurs as the tem- 
perature is lowered from —20 to —40°C. The average 
curve for the welds and the curve for the plate metal are 
practically parallel for all ranges of temperature except 
the range from —60 to —70°C. The plate metal shows 
a larger increase in this range than the welds. 

From a careful study of the stress-temperature curves, 
it can be seen that the break in the curve at the lower 
temperatures is not as sharp as at the higher tempera- 
tures. This may be explained by the fact that at the 
lower temperatures, the difference in temperature be- 
tween bath and specimen was greater than at the higher 
temperatures. The heat generated in the specimen 
would, therefore, be dissipated more rapidly at the lower 
temperatures. 

Because of the small size of the cooling chamber used, 
the proper control of the temperature required careful 
and accurate manipulation. In order to obtain consist- 
ent readings at —60° and —40° C., it was necessary to 
keep the cooling chamber, with the specimen in position, 
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Fig. 4—Relation Between Endurance Limit and Temperature 
Shown Graphically. Maximum and Minimum Values of 
Endurance of Welded Specimens Are Shown 


at the temperature of dry ice for at least one-half hour 
before testing at these temperatures. From the test 
data, it may be observed that the temperature difference 
between the bath and the specimen increased as the bath 
temperature was lowered until at —60° C. the tempera- 


Table 2—Tensile Tests on Used Fatigue Specimens at 
Room Temperature 


Plate Metal Specimens 


Specimen No. Ultimate Load, Ultimate Stress, 
Lb i 


Psi. 
P2 6600 93,300 
P3 6700 94,400 
P4 6600 93,300 
6400 91,100 
Average 6575 93,025 

Weld Specimens 

33 5000 71,400 
44 5300 75,700 
555 5000 71,400 
No No. 5400 77,100 
Average 5175 73,900 


ture difference was about 10° C. This large difference 
could be partially if not totally eliminated by so design- 
ing the base of the machine that a larger cooling chamber 
could be used. 


Fig. 5—Relation Between Endurance Limit and Temperature 
Shown Graphically 
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Device for 
Measuring Tip Force and Current 


in Spot Welding 


By Halley Wolfe’ and R. W. Powell’ 


Introduction 


URING the past several months extensive use has 
been made at the Lockheed Aircraft Corporation 
of spot-weld electrode force and current-measur- 

ing and recording devices, both for experimental inves- 
tigations and for locating sources of trouble in produc- 
tion machines. During this time also a continuous pro- 
gram of improvement of the measuring equipment has 
been carried out, until now most of the difficulties with 
the equipment have been overcome and it has become a 
satisfactory and useful tool. The extreme importance of 
accurate measurements of these dynamic quantities in 
furthering spot-weld development is evident. Accord- 
ingly, it seems worth while to present a somewhat de- 
tailed description of the equipment and method of con- 
struction, in order that others can, with a minimum of 
difficulty and experimentation, construct similar appara- 
tus. 


General Description of Force-Measuring Equipment 


This force-measuring apparatus is similar in principle 
to that described by Hess and Wyant,'? though there is 
considerable difference in the details of the two systems. 
Use is made of the wire type strain gage, which depends 
ior its operation upon the fact that the resistance of a 
fine wire is a function of its deformation. This type of 
gage has been in use for a number of years in other ap- 
plications.*:4 

In the present application, wire gages cemented to 
a section of the electrode holder (called the strain gage 
mount) measure the deformation of the section which in 
turn is an indication of the force exerted on the electrode. 

The operation of the system can be explained by refer- 
ence to the schematic diagram shown in Fig. 1. The 
four fine wire strain gages A, B, C and D comprise a 
Wheatstone bridge. Assume that gages A and C are 
cemented to the strain gage mount with their wires ex- 
tending in the direction of the axis of the electrode (di- 
rection of application of the force) while the wires of 
gages B and D are oriented at right angles to the elec- 
trode axis. During application of electrode force the 
wires of gages A and C are then subjected to compres- 
sive strain while those of B and D are subjected to ten- 
sile strain of considerably less magnitude. The result is 


* Contribution to Welding Research Committee. 
t Research Engineers, Lockheed Aircraft Corp. 


an unbalance of the bridge proportional to the compres 
sive force on the electrode holder, with each of the four 
gages contributing to the unbalance. 


AMPLIFIER 
| DEMQDULATOR 


OSCILLATOR 


Fig. 1—Schematic Diagram of Strain Gage Detection System 


Current is supplied to the bridge by a 2000-cycle os- 
cillator. The bridge output is connected to the input 
of an amplifier which has its amplification peaked in the 
neighborhood of 2000 cycles, though care is taken not to 
make the peak so sharp that signal sidebands will be 
eliminated. A novel feature introduced into the present 
equipment is that after amplification the 2000-cycle 
signal is demodulated or rectified so as to obtain a volt 
age proportional to the magnitude of the envelope of the 
signal. This demodulated wave is then fed into a re 
cording oscillograph. The final result is a single oscillo- 
graph trace whose deflection is proportional in magnitude 
to the force on the electrode. Figure 2 shows a setup of 
the complete equipment. 
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Strain Gages 


The fine wire type of strain gage is peculiarly adapted 
to this problem because, being a low impedance device, 
it is not subject to disturbances from electric fields, and 
also it can be made sufficiently non-inductive practically 
to eliminate the effects of magnetic disturbances. The 
gages are a modification of the type that for some time 
has been used in the aircraft industry for measuring 
strains in sections under load tests.7% The particular 
features introduced into the gages used for the electrode 
force measurement are the adaptation to mounting in 
the electrode holder, as described below, and the non- 
inductive winding of the gages and shielding of leads. 


Strain Gage Mount 


Che strain gage mount is essentially a section of the 
electrode holder on which the gages are mounted and 
whose deflection is a measure of the electrode force. De- 
tails of its construction are shown in Fig. 3. It is made 
from a solid section of the electrode material (Mallory 3) 
and is inserted between the lower electrode holder and 
the electrode tip. Threaded studs on either end of the 
mount screw into the electrode holder and the tip. The 
four gages are cemented to the recessed surface of the 
mount by means of Duco Household Cement. Since 
they are very fragile, provision is made for covering them 
with a metal tube or cover, which is threaded so as to 


A B 


screw onto the mount. This not only protects them fro, 
mechanical damage, but also from any water which might 
leak out of the water connections to the upper electrode 
holder. The leads from the strain gages to the amplifier 
and oscillator equipment are about 20 ft. long, and con 
sist of a pair from each of the gages, or eight wires in |) 
They pass from the recessed surface where the gages ar 
mounted through a hole (visible in Fig. 3A to the out 
side of the mount, then through a brass tube screwed 
into the side of the mount and reinforced by brazed sup 
ports. (Besides acting as a conduit for the leads, this 
tube makes a convenient lever for tightening the mount 
in the holder.) Between the mount and oscillator and 
amplifier the leads are protected by a metallic shield sur 
rounded by rubber pressure tubing. Interconnection 
of the leads to form the bridge circuit is made at the am- 
plifier. 

The gages in opposite arms of the bridge are mounted 
diametrically opposite each other on the gage mount, in 
order that any bending introduced into the mount wil! 
not contribute to the bridge unbalance. With the gages 
mounted thus, bending on the mount places one gage in 
compression and one in tension, and their effects cance! 
so far as unbalancing the bridge is concerned. Experi 
ments have shown that this is a very necessary precau 
tion, since bending stresses vary considerably and ar 
comparable in magnitude to the direct compressiv: 
stress, and hence can introduce large errors into the 
measurement of the direct stress unless precautions ar 
taken to eliminate their effect. 


Electric System 


The 2000-cycle oscillator for supplying the current to 
the bridge is of the resistance-capacity inverse feed 
back type.® It supplies 15 volts across the approxi 
mately 250-ohms resistance presented by the bridge in 
put. The amplifier is somewhat peaked at 2000 cycles, 
in order to reduce the pick-up of extraneous voltage at 
other frequencies, particularly power frequency. A 200) 
ohm line-to-grid transformer is used to couple the out 
put of the bridge to the amplifier. The amplifier gat 
required for any given application will, of course, ce 
pend on the sensitivity of the oscillograph. As an ex 
ample of the amplifier input to be expected, with 15 volts 
input to the bridge, a force of 3000 Ib. will produce an 
output voltage from the bridge on the primary of the 
input transformer of 3.8 millivolts. 

Aside from keeping the inductance of the strain gages 
and their leads small as already described, the only other 
precautions found necessary to reduce interference wert 
to shield adequately and ground the apparatus. Both 
the oscillator and the amplifier are inclosed in meta! 
housings which are grounded. The shield inclosing the 
strain gage leads and one of the output leads from th« 
strain gage bridge are grounded at this same point 


Cc 


Fig. 3—A—Strain Gage Mount; B—Assembled Mount with Gages Installed; C—Complete Assembly 
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Fig. 4—Demodulator for Strain Gage Signal 


here is no electrical connection between any of the ap- 
paratus and the welding electrode. The metallic shield 
around the gage leads runs near to the gage mount but 
does not connect to it. The gages are of course insulated 
from the electrode by one layer of rice paper. 

Several different types of demodulators could be used 
for obtaining the modulation envelope of the pressure 
wave. The one chosen, which is shown in Fig. 4, is 
known as the double-balanced or ring type of demodula- 
tor.° This demodulator has the desirable characteristics 
of low distortion even for very small signal input voltages, 
high stability and freedom from drifts. It also indicates 
a reversal in phase of the incoming voltage by reversing 
the sign of the d.c. output. The steady carrier voltage 
applied is approximately 20 volts and the maximum sig- 
nal voltage from the amplifier is about 1 volt. 

Ordinarily it is desirable to have the bridge completely 
balanced when there is no force on the electrode, so that 
under this condition the oscillograph deflection will be 
zero. This balancing is accomplished by shunting one of 
the strain gages with a variable resistance and one with 
a variable capacitance, both variables being adjusted to 


give zero output from the demodulator to the oscillo 
graph when the electrode is not stressed. Some experi 
mentation is required to determine which gage to shunt, 
and of course the resistance and capacitance may have 
to be connected across the same or different gages, de 
pending on the circuit constant. The variable elements 
are located at the amplifier. 


Calibration: Typical Oscillograms 


The system was calibrated in a testing machine by 
applying various compressive loads up to 3000 Ib. on the 
strain gage mount. Figure 5 is an over-all calibration 
curve, showing deflection of the oscillograph trace as a 
function of force on the mount. This curve, which is for 
both increasing and decreasing loads, is a straight line 
within the limit of accuracy of the measurements and in 
dicates that there is no appreciable hysteresis 

No attempt has been made to obtain calibrations at 
other than room temperature. However, experience 
with wire type strain gages in other applications has 
shown that temperature variations shift the zero read- 
ing without appreciably affecting the sensitivity. Zero 
shift, which was very objectionable with ordinary gages, 
has been practically eliminated in this system by use of 
the temperature compensated gages. Even after a num 
ber of welds have been made in rapid succession the 
change in the zero position is negligible. 

Although it is desirable to calibrate the entire system 
in this manner from time to time, the pressure mount 
assembly is much less likely to change its calibration 
than the rest of the system, since the calibration of the 
rest of the system depends on the input voltage to the 
bridge, the amplification adjustment of the amplifies 
and a number of other factors. Use is made of this 
fact in a method of obtaining a rapid calibration. On 
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PRESSURE AND CURRENT IN SPOT WELDING 
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WELD CURRENT 
TIP PORCE 


of the strain gages is shunted by a high fixed resistance 
through a pushbutton switch. By closing this switch 
the bridge is unbalanced by a definite amount, just as 
though a pressure were applied to the electrode. During 
the calibration in the testing machine, the actual elec- 
trode pressure required to produce the degree of bridge 
unbalance produced by this resistor is determined. In 
order to make a rapid one point calibration, it is then 
only necessary to close the push-button switch and note 
the oscillograph deflection. 


Oscillogram Showing Force Trace 


Figure 6 shows a three-trace oscillogram taken on a 
capacitance type stored-energy spot welder with this ap- 
paratus. The upper trace is the modulated force wave 
before passing through the demodulator, the lower is 
the demodulated wave and the center is the welding 
current. Of course, the modulated wave (upper trace) 
ordinarily is not recorded, but is included here to show 
that its envelope is almost identical in shape to the de- 
modulated wave. This indicates absence of appreciable 
distortion in the demodulator system. The repelling 
force on the welder jaws produced by the welding current 
is clearly shown in the pressure traces. The oscillograph 
used is provided with both hundredth- and tenth-second 
timing lines, obviating the necessity of using a separate 
timing trace. The hundredth-second lines were elimi- 


nated from the oscillograms of Fig. 6 for purposes of clar- 
ity. 


Current Recording System 


Recording the welding current is a comparatively 
sumple problem. A calibrated shunt is placed in series 
with the upper electrode holder, and the potential de- 
veloped across it by the current is used to actuate the 
oscillograph. The shunt assembly is made, in effect, by 
cutting out a cross section of the electrode holder and 
substituting an identical disk of manganin. The pieces 


are brazed together with silver solder. Figure 7 shows the 
holder, shunt and potential leads. The shunt has a 
length of about '/. in., and an effective resistance of 
about 6.5 microhms between potential leads, which ar 
connected at the ends of the shunt as shown. The re 
sistance measurement was made at 60 cycles, since ther 
is appreciable skin effect in the electrode. Manganiy 
was chosen because of its low temperature coefficient 0; 
resistance, and its comparatively high specific resistance 
As in the case of the pressure measuring equipment, the 
area between the leads is kept as small as possible in 
order to minimize inductance effects. 

Figure 6 shows the clear oscillographic record obtain- 
able from this device. 


Applications 


Successful and valuable applications have been made 
of the apparatus described herein, in studying the be 
havior of spot-welding equipment. The true nature of 
welding phenomena cannot be determined until the vari. 
ables involved can be expressed in accurate quantitative 
terms, nor can spot-welding experience in various manu 
facturing plants be compared and procedures standard 


Fig. 7 


ized until actual current and force values are measurable 
on each machine. It is therefore hoped that the present 
paper may prove instrumental in encouraging others to 
install similar equipment and thereby obtain accurate 
data which will place spot welding on a firm technica! 
foundation. 
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Summary 


Expressing Endurance Limit 


There are two common methods of expressing the en- 
durance limit of welds: (1) the Wéhler method, which 
plots stress against the log of cycles, the endurance limit 
being the stress at which the curve becomes horizontal; 
(2) the cycles method, which defines the endurance limit 
as the stress that a weld can withstand for an arbitrary 


* Executive Secretary, Welding Research Committee. 

t Research Associate, Massachusetts Institute of Technology, Cambridge, 
Fellow, Belgian-American Educational Foundation, 
“ew York, 


number of reversals. For brevity, the following abbre- 
viations are used throughout: Psi. = Ib. per sq. in.; 
c.p.m. = cycles per minute. Unless otherwise stated 


dimensions are given in inches. 


Endurance Limits of Welds and Welded Joints 


Butt Welds (Arc and Gas).—Endurance limits in rotat- 
ing bending of 16,000 psi. for bare wire, and 30,000 psi. 
for covered wire are common values. These values repre- 
sent a weld endurance ratio of 0.5 and 0.93 as compared 
with the endurance limit of base metal (mild steel). Gas 
welds generally approach the values obtained with 
shielded arc electrodes. Direct stress (tension and com- 
pression) fatigue tests give about the same values as 
rotating bend, but in the test results available there is 
apt to be less difference between the bare and covered. 
The endurance ratio of welds in torsion fatigue is about 
25% higher than in tension or bending fatigue, but the 
torsion fatigue limit is somewhat lower. One investiga 
tion reports a pulsation tension endurance limit of 53,500 
psi. for welds in chrome molybdenum tubing. This 
indicates a steady increase in endurance limit from 19,900 
psi. in 1930 to the present value. 

Fillet Welds (Arc and Gas).—‘‘Stress raisers” play an 
important role and sometimes completely offset any 
differences normally expected between the various proc- 
esses, kinds of filler materials and, in many cases, be- 
tween the types of joints. Some general rules for reducing 
their effect may be offered. Avoid all sharp changes in 
section, whether in shape of fillets or joints, which would 
tend to concentrate stresses. As a result of such sharp 
changes, various types of strap joints produce generally 
no increase in fatigue strength as compared with a simple 
butt joint and sometimes even give lower fatigue values. 
Transverse fillet welds with covered electrodes (mild 
steel) have an endurance limit of 16,000 psi. as compared 
with 60% of this figure for bare electrodes. In both 
cases the endurance limit of longitudinal fillets is apt 
to be 15% less than that of transverse fillets. Oxy- 
acetylene welds generally lie between the values given 
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for bare wire and covered electrodes, and may approach 
the values of either, depending upon the type of wire, 
technique employed and care with which the welding is 
done. 

T-Joints.-Taking the fatigue resistance of a solid T- 
section as 100°, that of an unchamfered fillet welded T 
is 70%, and of a T-joint with edges chamfered to facili- 
tate welding, 85°%. 

Tests of All-Weld-Metal.—The fatigue strength of 
sound weld metal (except with bare electrodes) is equiva- 
lent to rolled steel of the same composition. 

Welds at Elevated Temperatures.—Preliminary results 
indicate that welds in fatigue tests at elevated tempera- 
ture differ but slightly from unwelded mild steel. 


Processes Other Than Gas and Metallic Arc 


The fatigue properties of atomic hydrogen welds ap- 
pear to be the same as for gas and are welds. Resistance 
welds, however, seem to develop remarkably high fatigue 
values, especially in corrosive media. The torsion fatigue 
limit of flash welds in mild steel equals that of base metal 
(about 22,800 psi.). Rotating beam specimens cut from 
welded rail joints gave 90% of the fatigue value of the 
unbroken rail for both flash and gas pressure welds and 
75% for the thermit welds. Pulsating tension fatigue 
strength of carbon-are welds in mild steel varies between 
14,000 and 21,400 psi., depending upon quality of work- 
manship. Automatic shielded carbon are welds in mild 
steel have the same fatigue properties as good shielded 
are welds. 

Spot Welding.—Only comparative values are available. 
One investigator states that spot-welded stainless steel 
18-8 gives an endurance limit (no details) of 60% of the 
unwelded base metal. 


Correlation of Fatigue with Other Physical Properties 


So far, a reasonably close relationship between fatigue 
strength of welds and other physical properties has not 
been found. There are indications that good static 
ductility aids in obtaining good fatigue value by reliev- 
ing notch effect. Defects indicated by X-ray examina- 
tion are likely to result in lower fatigue values but no 
correlation exists as to degree of defects. 


Influence of Defects 


Internal Defects.-The adverse effect of internal defects, 
of which faulty penetration is a special type, is accounted 
for by their influence in causing local stress concentra- 
tions. Internal defects, such as pores and slag inclusions, 
are almost universally admitted harmful to fatigue prop- 
erties of welds. Their relative importance is not as yet 
evaluated, although for well-prepared welds their effect 
is generally considered primary only when more import- 
ant factors have been eliminated. 

Penetration.—The most important type of internal de- 
fect from the standpoint of fatigue of welds appears to 
be poor penetration, that is, lack of fusion along the 
scarves and at the root of V and double-V butt welds, as 
well as of fillet welds. Overhead or position welds unless 
carefully made will exhibit this defect. 

Interrupted Seams.—From the viewpoint of fatigue, 
interrupted seams should be avoided. If the factor 0.6 
is applied to the permitted fatigue stress in plate metal 
at the end of a weld, and 0.85 to a continuous seam, it is 
usually uneconomical to use interrupted fillet welds. 


Offset Joints.—Such joints usually involve stress raisers 
which lower the fatigue values in proportion to the 
stress concentration factor. 

Cracks.—Their importance depends upon their loca. 
tion as causing ‘‘stress raisers’’ and their ability to propa- 
gate. Nevertheless, they should at all times be avoided 
in structures subjected to fatigue. 


Mechanical Treatment 


Peening.—One investigator found that unmachined 
all-weld-metal deposited by bare electrodes gave 18,000 
psi. in rotating cantilever tests. This value was raised to 
20,000 psi. by peening. No special advantage has been 
found in peening high-quality shielded are welds in so 
far as fatigue is concerned. Peening, of course, has 
other advantages such as reducing distortions and avoid- 
ing the start of cracks during welding in thick rigidly 
held sections. 

Hot Forging.—Hot forging at ordinary forging tempera- 
tures is beneficial but less so at temperatures of about 
2190° F. (1200° C.) on account of increase in grain size. 
Twenty-five per cent increase in fatigue strength has been 
found in hot forging oxyacetylene welds in boiler plate. 
Hot forging increases the fatigue limit of back-hand gas 
welds 20%; of fore-hand welds only 10%. Increases of 
75 to 100% in fatigue value were found due to forging of 
welds made with coated and cored electrodes (0.07 C, 
0.65-2.8 Mn) in mild and low-alloy steels. 

Machining.—To date, fatigue tests show that for 
medium- and high-quality arc welds, butt or fillet, in 
structural steel, intelligent removal of undercutting and 
other surface notches or reinforcement by machining, 
raises the fatigue value about 25%. In poorer quality 
welds with high inclusion content, machining appears to 
be of no advantage. One investigator has obtained 41"; 
better pulsating fatigue value from parallel shear fillet 
welds, the inner ends of which had been machined, than 
from unmachined. Grinding, carefully done, is also very 
effective in improving fatigue resistance of welded joints 
particularly if the scratches are arranged in a longitudinal 
direction or at 45°. While the figure of 25% improve- 
ment for machining is an average value at times the im- 
provement may be as much as 70%. 


Other Welding Conditions 


Scarf Angle——Scarf angle is important for fatigue 
value only in so far as penetration is concerned, and it is 
recommended that scarf angle be as small as possible 
consistent with good penetration. 

V and X.—Single-V welds appear to have better ia- 
tigue properties in the as-welded condition. Double-\ 
welds appear superior when stress relieved. 

Current and Reverse Run.—Fatigue tests on welds made 
with different sizes of electrodes show variations that are 
probably to be ascribed to variations in workmanship. 
A reverse run (rewelding the root) raises the direct ten- 
sile and reversed-bend fatigue strengths in mild and alloy 
steel by 10 to 20%. The reverse run is important be- 
cause it eliminates notch effect at the root of the V, not 
because it refines the grain structure. 


Thermal Treatment 


Full Annealing.—Annealing (1616 to 1688° F. or S80 
to 920° C.) is detrimental to welds with medium or high 
nitrogen content, above about 0.04% Ne, but is beneficial 
when the nitrogen content is below 0.049%. However, 


298 -s WELDING RESEARCH SUPPLEMENT JULY 


the dif 
speci 

Stres 
C.) to! 
stress 
structu 
fatigue 
620° F 

Shr 
yield 
plastic 
true 
Compl 
in rigi 
not as 


Carl 
fatigue 
ance |i 
the en 
plate) 


Wel 
but t 
fatigu 
Highl 
exhibt 

It i 
welds 
proces 
the fil 
main 
Value 
are 
tests. 

Au 
IS—S 
18-8 
ough] 
rever: 
psi. b 
wisde 

Ca: 
limit 
The 
tiona 
spect: 
to fat 
welds 
binec 
iron 
iron | 

Ch 
steel: 
mild 

Br 


joint 


deer 


1942 


5 
4 
f 
| 
to be 
Ne 
| 
to ] 
pare 
Mag 
to 


the difference between the as-welded and the annealed 
specimens was never more than 3000 psi. 

Stress Annealing.—( Heating to about 1200° F. (650° 
C.) to relieve shrinkage stresses in steels.) The effect of 
stress annealing may be expected to be small for steel 
structures but seems to have a marked effect upon the 
fatigue resistance of spot-welded alloy (stress relieved at 
620° F. = 330° C.). 

Shrinkage Stresses.—In welds with high ductility and 
yield point, internal stresses are quickly eliminated by 
plastic yielding under repeated loads. The above holds 
true even when fairly large specimens are involved. 
Complete evidence as to the effect of shrinkage on fatigue 
in rigid structures less likely to permit plastic flow has 
not as yet been demonstrated. 


Carbon Content 


Carbon content of the base metal does not increase the 
fatigue resistance of welded specimen. Since the endur- 
ance limit of the plate with mill scale slightly increases, 
the endurance ratio: (endurance of weld) /(endurance of 


plate) decreases from 0.9 with 0.1% C, to 0.7 with 0.7% C. 


Alloys and Non-Ferrous Metals 


Welds in low-alloy steels have acceptable fatigue value, 
but they possess little advantage over mild steel in 
fatigue, except at high values of superimposed tension. 
Highly polished specimens of alloy steels may, however, 
exhibit considerably improved fatigue results. 

It is difficult to summarize the fatigue properties of 
welds in low-alloy steels. They are dependent on the 
process of welding, the material and the composition of 
the filler rod. Designing engineers are urged to study the 
main body of the text of this and the earlier review. 
Values for welded joints of from 25,000 to 43,000 psi. 
are common for rotating beam and pulsating tension 
tests. Torsion fatigue varies from 21,000 to 25,000 psi. 

Austenitic Steels—The fatigue limit of spot-welded 
IS-8 is estimated to be 26,000 to 31,000 psi., and of an 
\S-S containing 0.1 C, 1.3 Ta to be 37,000 psi. Thor- 
oughly polished welded joints in flat specimens subject to 
reverse bending have produced endurance limits of 50,000 
psi. but so far the meager test results would indicate the 
wisdom of using the same values as for mild steel. 

Cast Steel and Cast Iron.—The rotating-bend fatigue 
limit of cast-steel welds (bare electrodes) is 15,800 psi. 
The decrease in fatigue strength by welding is propor- 
tionately less than the decrease in tensile strength for 
specimens without cast skin. Annealing is not beneficial 
to fatigue properties. The cantilever fatigue limit of gas 
welds, 45° V, in 1-in. cast iron (3.46 total C, 0.74 com- 
bined C, 1.33 S, 0.106 Si, 0.66 Mn, 0.282 P) using cast- 
iron welding rods, was 12,000 psi.; the unwelded cast 
iron gave 13,500. 

Clad Steels—The endurance limits of welds in clad 
steels are likely to be lower than corresponding values in 
mild steel. 

Brazing.—Reversed-bend fatigue limit of a brazed 
joint in mild steel */, x */s in. cross section was found 
to be 20,000 psi. 

Non-Ferrous Metals.—Reverse bending fatigue values 
of gas welds in aluminum alloys vary from 13,000 
to 18,600 psi. with corresponding values of fatigue of 
parent material 17,000 to 20,000 psi. Pulsating fatigue 
of spot welds in aluminum and magnesium alloys is '/; 
to '/; of the tensile strength. Fatigue strength per spot 
decreases as the number of spots in the joint is increased. 
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Rotating-Bend Fatigue Limits of Non-Ferrous Acetylene 
Welds. Bartels (1930) 


Endurance Limit 
(10 & Cycles) 

Psi. Welded 
Unwelded Welded Unwelded Welded Annealed 
39,000 17,700 12,100 6400 
17,400 13,400 8,500 
19,500 6,250 7,800 
16,600 10,100 9,300 


Tensile Strength, 


Material 
Copper 
Aluminum 
Silumin 
Copper-silumin 


5,71 
8,500 
10,700 
11,400 


5000 


Corrosion Fatigue 


The results show that the rotating bend fatigue limit 
of welds in mild steel in tap water is usually higher than 
in air. Further tests are needed to corroborate this 
conclusion. 


Methods of Design 


Methods of designing welded structures on the basis 
of fatigue have been discussed on a number of occasions, 
especially during the past few years, and have been em- 
bodied in the national standards of Germany and Aus- 
tria, and in important specifications in Switzerland and 
the U. S. A. The Germans have specified fatigue re 
quirements of filler metal to be used in important speci- 
fications, such as railway bridges and boilers. A ma- 
chined specimen double-V butt weld in mild steel must 
give a pulsating tension fatigue endurance limit of 24,200 
psi., and in low-alloy steel, 25,600 psj., for railway 
bridges. 

The AMERICAN WELDING Society Bridge Specifica- 
tion permits design stresses in properly made butt joints 
welded from both sides when subjected to pulsating 
stresses from zero to maximum of 13,500 psi. When the 
stresses are alternating, only */; of this value is allowed. 
There is a 15°% penalty in design value in case of single-V 
backed-up welds. In butt welds subjected to a pulsating 
shear from zero to maximum, a design value of 9000 psi. 
is allowed which is again reduced to */; if there is a re 
versal of stress. The same 15°) penalty applies to single- 
V backed-up welds. 

Fillet welds subjected to either tension, compression 
or shear are allowed 7200 psi. when the stress varies 
from zero to maximum, and */,; of this figure when the 
stress is reversed. Only a good grade of heavily covered 
electrode is permitted. 


Repeated Impact 


Repeated impact tests were carried out in 1928 by 
the British Engine, Boiler and Electrical Insurance 
Company. Welds free from oxides and nitrides gave the 


best results. Normalizing at 1670° F. (910° C.) had 
little effect. 


Rail Joints 


Tests in this country and abroad definitely establish 
the superiority of the welded joint over bolted joints in 
fatigue simulating service conditions. Good flash, gas 
pressure and thermit welds will give endurance values 
of from 70 to 80° of the unwelded rail. Some thermal 
treatment such as preheating or post-heating is generally 
involved. Gas and are fusion (as-welded) joimts give 
endurance values of the order of 50°) of the unwelded 
rail. 
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Creep 


The creep strength of welds in mild steel is probably 
little, if any, inferior to unwelded plate up to 932° F. 
(500° C.) although initial creep rate may be somewhat 
higher. Full annealing is not beneficial. Welds made 
ii carbon molybdenum piping usually used in this 
country for high-pressure, high-temperature service with 
suitable technique (preheating to 300° F. = 150° C. 
and stress relieving) have better creep resistance than the 
base metal at 842° F. (450° C.). Short-time creep tests 
(50 hr. at 932° F. = 500° C.) on gas and shielded arc 
welds in C-Mo steels give better values for welds made 
with austenitic steel filler rods than for base metal. 


Boilers 


Pressure vessel fatigue tests show that fatigue failure 
inevitably occurs in regions of stress concentrations, e.g., 
gage plugs, manholes and pads, rather than in the welded 
seam itself. The only unsatisfactory welds in all the 
fatigue tests were those made with bare electrodes. 


Welded Structures 


Welded joints in fabricated beams can be made that 
have a pulsating tension fatigue of 25,000 to 28,000 psi. 
or 70 to 80% of that of mild steel rolled beams. Beam 
to column connections have a pulsating tension fatigue 
of 10,800 psi. Welded cranes have never shown fatigue 
in service in spite of unfavorable type of joints. 


Riveting and Welding 


Strengthening by Welding.—The effect of strengthen- 
ing by welding is not so great in fatigue as in static load 
conditions. Welding intended to strengthen riveted joint 
must be designed to take the whole load in order that 
plastic yielding will not take place in the neighborhood 
of the weld and lead to fatigue failure. The fatigue 
strengths of welded and riveted joints do not differ 
greatly. High-quality unmachined double-V butt welds 
have higher reversed-bend fatigue strength than riveted 
overlapped joints. 


Bridges and Machinery 


Riveted bridges strengthened by welding are stiffened, 
the natural frequency being increased 3 to 7% in the 
loaded and unloaded states. Welding decreases the 
damping factor, that is, the range of frequencies at reso. 
nance, and decreases stresses and deflections due to 
traffic. The advantages of welding in preventing vibra- 
tion in machinery are connected with the higher modulus 
of elasticity of welded steel as compared with cast iron. 
The closed section, ideal for preventing vibrations, js 
easy to weld but difficult to cast. 


Tubes 


The fatigue value of welds in aircraft structural tub- 
ing has been investigated by rotating bend tests on in- 
dividual gas butt welds. Values given vary from 14,000 
psi. for gas-welded plain carbon and Cr-Mo tubing to 
28,500 for plain carbon and 30,000 for Cr-Mo, depending 
on welding technique and penetration. Filler rods play 
an important part. Flash welds in Cr-Mo tubing gave 
32,000 after stress annealing, but gave low values (13,000 
in plain carbon. Lap and fish-mouth joints appear to be 
at least as good as butt joints, but brazed, soldered and 
bell-and-socket joints are definitely inferior. Pinned and 
riveted joints have only 50 to 80% of the fatigue strength 
of welds. 


Effect of Periods of Rest on Fatigue 
Periods of rest are of no significant influence on fatigue 
limits of welds in steel. 
Oxygen Cutting 
The fatigue qualities of mild steel are not seriously 
affected by oxygen cutting. Grinding or planing of cut 


edge restores completely the fatigue properties even 0! 
high carbon steels. 


Fatigue Strength of Welded Joints 


A. Expressing Endurance Limit 


1. As explained previously,° the Wéhler method uses 
a plot of stress vs. log cycles, i.e., Svs. log Nand the fatigue 
limit is staken at the stress for which the curve becomes 
fairly horizontal.* This way of expressing the endurance 
limit is safe, since the failure below the so-defined limit 
becomes highly improbable. 

This method proved successful in so far as the endur- 
ance limit of homogeneous materials alone was concerned. 
It was also used with good advantage to determine the 
endurance limit of weld deposits. ° 

In the course of experiments with welded structures it 
appeared, however, that notch effects and surface irregu- 
larities upset the usual trend of the diagram S/log NV. 
8 The sign (°) or (R. L.) refers to the Review of Literature on Fatigue by 
W. Spraragen and G. E. Claussen, Welding Research Supplement, January 


1937. 
* Usually at about 6 X 10* cycles 


2. The cycles or the lifetime method is then used. 
From service conditions a reasonable lifetime of a struc- 
ture is deduced and the number of stress cycles that it 
will have to withstand during this lifetime is computed 
The method consists then to determine the stress at 
which the specimen will withstand the prescribed number 
of cycles without failure (cycles criterion). 

While this method was widely used in experiments per- 
formed after 1936, there appears to be /itile agreemen! 
about the cycles criterion itself. 

Early German investigations® have made use for 
welded structures of the 2 million cycles criterion ex- 
clusively, while Swiss Federal regulations have based al 
calculations upon the | million cycles criterion.° Wilson 
4, 65, 6, 67 determines two endurance limits: for 100,000 
and 2 million cycles. J. Jones’ advocates also a 500,000 
and 1 million cycles criterion. 

For the same kind of specimens pertaining to the 
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structural engineering, Lea and Whitman®: * apply a 5 
and 10 million cycles criterion, Biithler® the 5 million 
criterion. For welded low carbon boiler plate Bussmann’ 
uses the 10 million cycles criterion. The type of testing 
machine is sometimes critical. Thum and Erker use 
the 2 million cycles criterion with the pulsator®™ and 10 
million cycles criterion with the vibration machine (re- 
versal torque).*° 

Thum points, however,®* to the fact that different 
evcle criterions may establish different order of merits 
for the same kind of specimens. 

Bollenrath and Cornelius’ claim that in aircraft 
structure not the endurance limit is important, but a 
stress which a structure can withstand a certain lifetime. 
The determination of a lifetime resistance permits the 
use of higher service stresses than if endurance limit is 
taken as a basis for calculation. 

For example, heat treatment of Cr-Mo butt-welded 
tubes appears to be beneficial when considered from the 
lifetime resistance viewpoint, while it is hardly bene- 
ficial at the endurance limit (5 to 10 million cycles cri- 
terion), as seen from Table 1. 


Table 1—Fatigue Resistance of Cr-Mo Tube. Bollenrath 
and Cornelius™ 


Stress in Psi. for Failure 
Treatment to a Number of Cycles 
After Equal to 
Welding 103 104 105 
Oil quenched 110,000 85,000 54,000 
at1710°F., 
tempered 
at 1120° F. 
Untreated 


Specimen, Cr-Mo Tube 

1.1 In. O.D., 0.039 wall 
thickness 

0.23 C, 0.19 Si, 0.59 Mn, 
1.02 Cr, 0.24 Mo 

Tensile strength: un- 
treated, 105,000 psi.; 
heat treated, over 
130,000 psi.; gas butt 
welds, filler rod: 
0.18 C, 0.26 Si, 0.57 
Mn, 0.74 Cr, 0.16 Mo 
Lower stress = 17,000 psi. 


90,000 70,000 54,000 


3. A third, purely qualitative method of expressing 
the endurance limit is based upon the number of cycles 
the specimen withstands for a given load before failure. 
This method was used for the sake of comparison, by 
O'Neill and Johnson®* and also by Paton and co-workers.” 
However, even as a qualitative method, it cannot be used 
to reveal difference in fatigue strength unless there is a 
wide variation of number of cycles between the specimens 
(at least 5 to 1). ‘It has little significance when the 
number of cycles is below some hundreds of thousands. 
(H. F. Moore, private communication, 1932.) 


B. Computing Endurance Limit 


In order to correctly interpret endurance limit the 
method of computation is of importance. Three meth- 
ods seem to have been so far used: 

1. The most general method is based on the lowest 
stress at which a set of specimens will not fracture for a 
given cycle criterion. In this method each specimen is 
run for one experiment only. 

2. The method of successive increments of Stress, 
until the limit is reached at which the specimen fails 
below a given number of cycles, usually below 5 million.5 “7 
This method is used to save time and material, but is 
objectionable, as the specimen is “trained” by the suc- 
cessive increase of load to withstand higher stress than 
without “‘training.’’® 
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3. A new method of computing endurance limit has 
been devised by Wilson.™: ©: From a given trend of 
the S vs. log N diagram a formula is derived, by means of 
which the endurance limit is calculated for a desired cycle 
criterion. If N represents the cycles criterion, m the 
number of cycles at which the specimens fail under a 
given stress F, then the endurance limit S is drawn from 
the formula 

S = F(N/n)* 

The coefficient K as given by the S/log NV diagram ranges 
at about 0.18 for welds. This method of computing 
endurance limit has been treated in a more general fashion 
in the first part of the recently issued Report No. 2 of 
Committee F, Welding Research Committee, published 
in 1942. The use of the formula is subjected to restric- 
tion that N/n should not be too far from unity. If 
from a set of specimens different values of S are obtained 
for the same cycles criterion, the average of these values 
is taken as an endurance limit. 

Jones” claims this to be objectionable, since, for safety, 
the lowest value alone is critical. 


Welds and Welded Joints 


Butt Welds (fusion welding).-The majority of tests 
performed on welded joints after 1936 were intended to 
improve the fatigue resistance of butt welds. As ex- 
plained in later sections, several means were used to ob- 
tain a butt weld as strong in fatigue as the base metal it 
self, namely, special filler rod, mechanical and thermal 
treatment as well as special welding technique. In a 
private communication T. McLean Jasper of the A. O. 
Smith Corporation states: “We have made a large 
number of endurance tests of various kinds of welding 
which have never been published but which show the 
fatigue fracture in the steel and not adjacent to the weld 
in most cases.”’ The trend of improvement in Switzer- 
land is shown by the following figures’: ' (Table 2). 
These figures refer to mild steel and Cr-Mo tubing for 
aviation. 

In so far as mild steel is concerned these figures are 
still lower than pulsation fatigue limit of unwelded speci- 
mens with mill scale, for which a fatigue limit of 36,800 
psi. is claimed.*® Using a special alloyed Mn-Mo thick 
coated electrode and a high Cr-Ni alloy (austenitic) 
wire for gas welding, Zeyen™ reports figures as high as 
31,000 psi. on machined butt welds, which is 85°%, of the 
fatigue limit (31,000/36,800) of unwelded specimens 
with mill scale. Hével® obtained 32,000 psi. on butt- 
welded specimens of mild steel, machined in such a way 
that only longitudinal scratches were present, the weld 
being transverse, or on ground specimens with weld at 
45° to the axis. Still higher figures are reported by Haigh 
and Robertson.'*° 

Using the electromagnetic direct stress Haigh's test 
ing machine, they found that fatigue limit of V butt 
welded mild steel, boiler quality (T. S. = 55,500 psi.) 
when well finished is only 15°% lower than the fatigue 
limit of the unwelded material with black surface. These 
figures refer to a special weld produced by welding ma- 
chines operating under ideally controlled conditions. 
Ordinary hand welding yields considerably lower results 
as seen from Table 3, and this is ascribed to internal de 
fects such as gas holes and small inclusions. 

On the other hand, Wohler tests on turned pieces, 
well finished, normalized at 900° C. (1650° F.), gave a 
fatigue limit of +24,300 psi. Lea and Whitman™ state 
that “‘welded joints in mild steel plate can be made that 
will withstand repeated stresses as great as those a black 
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rolled mill steel joist will withstand.’’ However, sub- 
sequent tests* failed to support this statement. Evi- 
dently emphasis has to be placed on the restriction which 
follows this statement and which reads that, “unless 
great care is taken with the welding, fatigue range of the 
order of one-third of those resisted by joist may be ob- 
tained from welded joints.’’ In variance with the results 
of pulsation tests previously reported, Hackert and 
Zeyen' have found that reversed bending fatigue of 
'/,-in.-thick butt welds of different carbon content, from 
0.11 to 0.68°% C, was almost the same as that of unwelded 
specimens with mill scale. For more details see section 
on Carbon Content. 

While the tests of Lea and Whitman,® Haigh and 
Robertson” and also of Hével® point to the fact that 
defects in welds are mainly responsible for the decrease 
of pulsation fatigue resistance of butt welds, rotating 
beam polished specimens machined from butt welds made 
by the Union-Melt process disclosed failures in the heat- 


Table 2—Trend of Improvement in Fatigue of Mild Steel and 
Cr-Mo Steel Tubes for Aviation. Ros”:'*® 


Pulsating 
Tension 
Fatigue, Psi., 
1 Million 


Cycles 
Base Metal Year Criterion Remarks 
Mild steel (0.07 to 0.10% C, 1930 a 
0.48% Mn) 
Arc welded 1936/38 22,600 As-welded 
28,300 Machined 
1939/41 25,500 As-welded 
31,200 Machined 
Cr-Mo steel tubing 1937 34,500 Presumably 
as-welded 
(0.25% C, 0.25% Si, 0.59% 1938 47,500 Presumably 
Mn, 1.01% Cr, 0.21% Mo) as-welded 
Torch welded with an un- 1940 53,500 Presumably 
alloyed rod (no details) as-welded 


Table 3—Fatigue Resistance of Butt-Welded Joints. Cri- 
terion 10 Million Cycles. Haigh and Robertson'” 


————Psi.——— 
Nature of Specimen Pulsating Reversal 
Unwelded mild steel, boiler plate 46,000 +28,7i 
(T.S. = 55,500 psi.) 


Well-finished welded plates + 26,500 
Boiler plate welded with special care 33,000 +24,300 
Structural V butt welds 22,000 13,300 


affected area, at the junction of the grain-refined zone 
and the unaffected base metal according to Durant and 
Ennis." 

The weld was made on two 1-in.-thick plates beveled 
to 35° with a !/s-in. root space using 1550 amp. 41 volts, 
and a speed of 11 in./min. For composition and me- 
chanical properties see Table 4. The endurance limits 
(criterion not stated) are presumably deduced from 
Wohler curve. It is seen that the welded joint has only 
75° of the resistance of the weld metal as welded and 
88° of this resistance when the weld is stress relieved. 
Comparatively higher results are reported by Flack- 
Toénnessen" on rotating beam specimens machined from 
a 0.59-in.-thick plate of a German St37 grade mild steel 
(T. S. about 52,000 psi.) on one side of which a bead was 
deposited in a semicircular groove 0.39 in. wide and 


Table 4—Composition and Mechanical Properties of Union. 
Melt Weld. Durant and Ennis" 


Plate Weld Metal 
Carbon, % 0.22 0.22 0.16 to 0.18 
Manganese, “% 0.47 0.45 0.60 to 0.75 
Phosphorus, “7 0.012 0.019 0.03 
Sulphur, % 0.022 0.037 0.032 


Silicon, % 0.22 to 0.28 


Weld Metal 


Stress- 

Plate As-Welded Relieved 

Tensile strength, psi. 61,000 70,500 63,400 
Proportional limit, psi. 27,500 41,500 30,000 
Elongation, % in 2 in. 42.0 37.5 38.5 


0.195 in. deep with three kinds of electrodes, heavily 
coated electrode with a T. S. of 61,000-66,000 psi., 
heavily coated electrode with a T. S. of 55,000-61,000 
psi. and thin coated electrode with a T. S. of 61,000- 
63,000 psi. 

The endurance limit at 2 million cycles ranged gen 
erally at 26,500 psi. Location of fracture not stated, but 
presumably in weld or at the junction. That the junc- 
tion, not the weld, is the weakest point in all machined 
flat specimens cut from butt-welded 18 Cr- 8 Ni plates 
is also emphasized by Hruska’ who found an endurance 
limit of 68,000 psi. for unwelded and 50,000 psi. for 
welded 18 Cr-8 Ni specimens (criterion 10 million cycles) 
in reverse bending. While the before-mentioned results 
refer principally to specimens with welds machined or 
ground off, as-welded unmachined butt welds in spliced 
mild steel beams (T. S. about 53,000 psi.) attain accord- 
ing to Graf'® the prescribed pulsating tension limit of 
22,700 psi. when transverse, and 25,600 psi. when at 45° 
to the axis with a criterion of 2 million cycles. 

Beams of mild steel with butt welds in flange gave 
according to Bierett* even higher result: 28,500 psi. 
and this was ascribed to the effect of residual compressive 
stresses, whereas butt welds in flange or web of composite 
welded I-beams had a pulsation endurance limit of only 
25,700 psi. As explained in detail in the section dealing 
with alloying element, higher carbon steel and alloy 
steel butt welds, as a whole, do not prove superior to the 
best mild steel butt welds. Exceptionally high endur- 
ance limits are, however, reported by Ro§” for gas butt- 
welded Cr-Mo tubes. With a 1 million criterion a pulsa- 
tion endurance limit of as much as 53,500 psi. is said to 
have been reached in 1940. This may be considered as 
the highest value ever reached in fusion welding. Using 
a special high-quality electrode of T. S. = 76,000 psi., 
deRoy and Schoenmaker''® have found that machined 
specimens of mild steel quality failed outside the weld. 
The fatigue limit obtained in rotating bending, fiat re- 
verse bending, and torsion were equal to those of the un- 
welded mild steel. 

The advantage of the high-quality electrode was, 
however, entirely lost in unmachined specimens, which 
gave the same fatigue figures as an ordinary mild stee! 
electrode. 

According to Cornelius'® using a welding machine with 
several burners, thin-walled seam-welded Cr-Mo tubes 
can be made having practically the same fatigue limit as 
unwelded tubes. The welded tubes were drawn after 
successive annealings down to the required thickness in 
which condition they gave a fatigue limit of 37,500 psi 
in reverse bending (10 million cycles criterion), with frac- 
ture outside the seam. 

When butt welded, they gave a fatigue limit of 26,500 
psi. only, but so did also butt-welded seamless tubes. 
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The figure of 21,400 psi. reported by Bollenrath and 
Cornelius* for torch butt-welded tubes with a 5 million 
cycles criterion is somewhat below these results. On the 
other hand Bithler® obtained surprisingly low figures for 
butt-welded bars made of low-alloy steel used to rein- 
force concrete and welded with covered electrodes. Us- 
ing a criterion of 5 million cycles, but a method of suc- 
cessive increments of stress, a pulsating tension limit of 
41,000 psi. was obtained on unwelded specimens with mill 
scale, whereas 22,000 psi. only were found on butt welds, 
the reinforcement being removed by grinding. 


Butt Welds at 45° 


In variance with Graf° who tested oxyacetylene welds 
and RoS,” Kaufmann! states that there is no appreci- 
able increase of fatigue, when an arc butt weld instead 
of being transverse is oriented at 45° to the direction of 
stress. The pulsating tension fatigue was increased in 
this case to only 25,500 psi. for mild steel. Longitudinal 
butt welds (oriented in the direction of stress) gave a more 
marked increase of fatigue, when machined at both ends. 
The pulsating tension was for this type of weld as high as 
30,500 psi. 


Bead-Welded Specimens 


For the sake of comparison Zeyen® investigated pul- 
sating tension fatigue (with 2 million cycles criterion) of 
low-alloy (Si-Cr-Mn steel) plates with beads deposited 
transversally or longitudinally on one or both sides, 
Table 5. (For more details see section on Alloy Steels.) 

From these figures the following conclusions may be 
drawn: 

As already known, bead-welded specimens are stronger 
when the bead is longitudinal than when it is transverse 
provided care is taken to remove the notch effect at both 
ends® of the longitudinal bead; the difference here ap- 
pears, however, to be greater than it might have been 
anticipated from previous tests on butt-welded mild steel 
specimens. ° 

Transverse beads deposited on both sides appear to be 
equivalent to an unmachined butt weld. This points 
again to the surface notch effect, obviously the same in 
both cases, as being primarily responsible for the de- 
crease of fatigue resistance. Eccentric conditions, created 
by single bead deposit, appear to be more harmful 
than the presence of beads on both sides of the speci- 
men. This seems to be in disagreement with previous 
tests° and with more recent tests by Kaufmann."® The 
purpose of the latter was to duplicate the experiments 
by Schulz and Bucholz reported previously.° Instead 
of a low-alloy high-tensile steel, ordinary mild steel 
was used with a T. S. of 52,000-53,500 psi., Y. P. = 


Table 5—Beads and Butt Welds on Si-Cr-Mn Steel. Zeyen” 


Pulsating Tension 
Fatigue, Criterion 
2 Million Cycles 
Specimen Psi. Per Cent 
Unwelded, ground on all sides 50,500 118 
Unwelded, mill scale 42,700 100 
Butt welded, notches removed, excess of 
metal left 
Butt welded, as-welded 
Longitudinal bead, both sides 
Longitudinal bead, one side 
Transverse bead, both sides 
Transverse bead, on one side 


* Interpolated, as results are scattered. 


33,400 
(24,000) * 
35,600 
34,200 
24,200 
22,800 
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30,500-31,000 psi. The chemical composition read as 
follows: C—40.1, Si—trace, Mn—0.49, P + S — 0.053, 
Cu — 0.11, As—0.032, Ne—0.011. 

Three kinds of electrodes were initially considered: 
a special bare wire of mild steel quality, a coated aus- 
tenitic wire and a heavy coated wire containing 1.2% 
Mn. Since preliminary tests disclosed no influence of the 
composition whatever, the experiments were continued 
with the special bare wire of mild steel quality alone. 

Longitudinal as well as transverse beads were tested; 
they were deposited on one or both sides of the specimen. 
The longitudinal beads were 2 in. or 8 in. long and their 
ends were either left unmachined or smoothed so as to 
make a gradual transition to the level of plate. 

Models of plain mild steel simulating longitudinal 
and transverse beads were also tested. 

Longitudinal beads 2 in. and 8 in. long gave the same 
results. 

Table 6 summarizes the results of tests. 

The author points to the fact that while transverse 
beads gave the same figures whether deposited by weld 
or machined out of a plain steel, longitudinal welded 
specimens proved inferior to the models. 

Therefore, he states, the effect of shape alone is re- 
sponsible for the decrease of fatigue in transverse welds, 
whereas in longitudinal welds there are still other factors 
causing additional decrease of fatigue. One of these fac- 
tors might be the notch effect, which did not exist in the 
model; the other could be the residual stresses. 

When compared to the butt welds it is found that 
transverse specimens behave alike whether having beads 
deposited only on the surface or entirely butt welded, 
whereas a longitudinal butt weld is much superior to a 
specimen with longitudinal beads. 

Surprisingly enough, a specimen with longitudinal 
beads can reach the fatigue limit.of 30,500 psi. if the 
bead extends over the entire length of the specimen and 
is machined off at the location of grips of the testing 
machine. No explanation is offered for this behavior 
although Dr. H. W. Gillett of Battelle Memorial In- 
stitute in a private communication states: “The effect 
is not surprising for it is well known that, in the case of 
a screw thread, greatest stress concentration occurs at 
the end of the thread. Carrying the thread beyond the 
location of high stress is much better than letting it end 
there.”’ 


Table 6—Beaded Specimens of Mild Steel. 


Pulsating Tension Fatigue in Psi. for 
2 Million Cycles 
Welded with Bare Wire 
Ends Left Ends Mach. 
19,100 23,500 
19,100 22,300 
29,000 
22,000 


Kaufmann''¢ 


Models of 
Mild Steel 
30,000 
25,000 
30,500 
23,500 


Nature of Bead 


Longitudinal, one side 
Longitudinal, both sides 
Transverse, one side 
Transverse, both sides 
Unwelded plate 


38,500 


Fillets 


Considerably less experimental work was carried out on 
fillet welds than on butt welds after 1936, this being due 
undoubtedly to their much lower resistance in fatigue. 
Like several other investigators, Kaufmann!” attempted 
to improve the fatigue resistance of fillet welds by creat- 
ing conditions which would avoid stress concentration at 
the end of fillets. 

His first attempt was to investigate more extensively 
the type of joint suggested by Schick® (1934), Fig. 1. 
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Fig. 1—-Type of Joints Suggested 
by Schick (1934) and Tested by 
Kaufman" 


The oblique arrangement of fillets seen in this figure was 
believed to favor a more uniform stress distribution. 
Pulsating tension tests proved that this was not actually 
the case. The fatigue limit at 2 million cycles was found 
to be only 15,600 psi. 

A better expedient was claimed to have been obtained 
by the arrangement represented by Fig. 2, in which addi- 
tional beads a and 6 were deposited facing the fillet ends. 
In this way, it was stated, compressive residual stresses 
due to the beads would relieve the high-tensile peak of 
the working stresses at the fillet ends. 

Using an austenitic electrode for the beads and ma- 
chining the end craters, a pulsating tension fatigue limit of 
20,500 psi. was claimed to have been reached, which is 
still below the fatigue limit of butt welds. 

Even used for reinforcement, fillet welds still impair 
the fatigue resistance of structural element as evidenced 
by experiments by Graf,” '® Erker and Cleft,” Wilson 
and co-workers” and O’Neill and Johnson.“ Graf* 
used plain mild steel bars for pulsating tension tests and 
I-beams for pulsating bend tests, both reinforced by 
straps. The straps were welded on both sides of tensile 
specimens and on flanges of the beams. 

In order to increase the fatigue resistance of speci- 
mens different shapes of straps were used (diamond shape, 
Figs. 3, 4, 5 and 6, and semicircular ends, Figs. 7, 8, 9 
and 10). Likewise, the fillets were subjected to ham- 
mering (forging after reheating) and grinding by means 
of a rotary file. Electrodes of different makers were used: 
quality St37, min. tens. str. = 53,000 psi., quality St44, 
min. tens. str. = 63,000 psi. A pulsating fatigue resist- 
ance equal to 24,200 psi. (criterion 2 million cycles) 
could be obtained only when using rectangular straps of 
Figs. 11 and 12 and grinding the fillets according to 
Figs. 13, 14 and 15. This is already equivalent to the 
fatigue resistance of butt welds. However, to warrant 
this result the welds must be free from porosity, and 
grinding must remove all traces of undercut. More- 
over, the weld must be so designed that the stress in 
section a-a, Fig. 16, is smaller or at least not greater than 
in section b-bd, 


Fillet weld 
Va 


Fillet weld 
Fig. 2—Side Fillet Joint with Additional Beads. Kaufman'* 


Other types proved to be unsatisfactory. In order to 
ascertain whether the results already obtained in pulsat- 
ing tension apply to spliced butt-welded joints subjected 
to bending, Graf'* tested also in pulsating bending spli ed 
beams supported over a span of 10 ft. and loaded in sy, 
a way that the central portion, 22 in. wide, was in py 
bending, Fig. 17. The joint was located either in ¢} 
central portion, Figs. 17 and 18, or outside of it, Figs. 19 
and 20, in which case it was subjected to a combined 
bending and shearing. 

The joints were of different kinds, and riveted join} 
were also added for comparison, Fig. 17 and Tabk 7 
The mechanical characteristics of base metal (mild steel, 
St37 grade) were as follows: 


Flanges: Y. P., 34,000 psi.; T.S., 54,000 psi. Elonga- 
tion: 30%. 

Web: Y. P., 36,000 psi.; T.S., 58,000 psi. Elongation 
27.8%. 

Electrode: comm. design. ‘“‘Pan’’ coated rod, 0.16 
diam. 


S 
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Figs. 3, 4, 5 and 6—Straps of Diamond Shape. Graf 
Dimensions in Millimeters 


Results summarized in Table 7 indicate that straps as 
welded impair the fatigue resistance of transverse butt 
welds (compare test groups 2, 2a and 5) but finished at 
the ends, as explained previously, they improve the re 
sistance of transverse butt welds up to the value given 
by oblique butt welds, test groups 5’, 5’a, 3 and 3a. 

As previously found, diamond-shaped straps proved 
unsatisfactory, test group 6 and 6a. It is also seen that 
fatigue resistance of welded joints is not decreased, ti 
they are subjected to shear in addition to bending 
Similar tests were performed by Erker and Cleft." To 
determine quantitatively the notch effect of drill holes 
and different types of welds, bend fatigue pulsation tests 
were made on a stiffened channel whose flanges and web 
were weakened by drill holes and reinforced by plates 
welded with side or end fillets. The channel was al 
converted into a box section by welding a plate to th 
edges of the two flanges. Continuous as well as inter 
mittent welds were used. 

The pulsating load was recorded as a difference b 
tween the lower load equal to 2800 psi. and the upper 
load which fractured the specimen. Pulsation load 
necessary to fracture the specimens after 2 million cycles 
was conventionally considered as fatigue limit. ‘The bas 
metal was 0.15% C, 0.41% Si, 1.2% Mn, 0.27% Cu, 
0.05% Cr, 0.07% P + S, high-tensile structural ste 
heavy covered electrodes were used for welding. As se¢ 
from Table 8, the results have added little to the alreac) 
known results. 

Drilling holes or reinforcing flanges and web as 4 rule 
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decreased the fatigue resistance of the channel. More 
particularly : 

The decrease of resistance is none, when the modi- 
fications are made on the compression flange and also 
when the holes are drilled along the neutral axis or even 
in the bottom of the web. 

2. Drilling holes in tension flange gave a figure of 
20,600 psi. which is slightly below the 22,600 psi. quoted 
in the literature” (R. L., p. 14). ; 

3. Reinforcement of tension flange by small rec- 
tangular plates welded either by side or ends fillets gave 
17,100 psi. in good agreement with previous experiments. 

1. The same applies to reinforcing the thickness of 
flange over the whole length by a plate using longitudinal 
nuous side fillets—24,900 psi. and intermittent side 

11,400 psi.” 

Local reinforcement of the web thickness by a 
rectangular plate using side fillets, Fig. 21, gave, 
xpected, lower values than when using end fillets, 
Fig. 22 (22,800 psi. as against 28,400 psi.). Both figures 
ire higher than those given in 3, above, due undoubtedly 
to the fact that the stress was computed as usually for 
the outer fiber, the one which is the most remote from the 


Secron A-A 


Figs. 7, 8, 9 and 10—Straps with Semicircular Ends, Graf.*” 
Dimensions in Millimeters 
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Table 7—Comparative Pulsating Tests on Spliced Beams. Graf" 


neutral axis, whereas the crack started at a point which 
is Closer to the neutral axis rhis is also confirmed by 
calculations. 


Table 8—Effect of Drill Holes or Welds on Pulsating Bend 
Fatigue of Channels. Erker and Cleft” 


Pulsating Pulsating 


send Bending 
Fatigue Compared 
Strength, * with 
2 X 108 Section Bending Unreinforced 
Cyck Modul Moment,t Channel, 
Specimen Psi In.-Lb / 
Drill hole il en 
ion flang« 20,601 } L890 7 
c, Side fi welds in 
tension flang« 17,100 ».2 560 
llet w is 
tension flange 17,100 1560 17 
é, Drill holes near 
bottom of web 36,300 9.2 3310 100 
Drill hol ilong 
neutral axis 36,300 1.2 3310 LOW 
h, Side fillet weld in 
web 22 SO ) 9 
End fillet weld in 
web 28,40 2 2600 79 
k, Drill holes in com 
pression flange 36,300 9.2 3310 LOO 
End fillet weld in 
compression 
flange 36,300 9.2 3310 100 
m, Box girder, inter About About 
mittent welds 5,700 11.3 640 19 
n, Box girder, con About About 
tinuous weld 11,400 11.3 1280 39 
Intermittent 
welded flange 
plate 11,400 1d.2 1730 52 
p, Continuous 
welded flange 
plate 24,900 2 3780 114 
* Difference between upper and lower stress. 


+t Difference between upper and lower bending moment 


fatigue tests 


| 
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6. When converted into a box section by means of 
plate welded to the edges of the flanges, the specimens 
gave surprisingly low values: 5700 psi. for intermittent 
and 11,400 psi. for continuous welds. 

Wilson and co-workers” have investigated the effect 
of reinforcement on plates of medium carbon steel and 
low-alloy steel. The details of specimens are given in 
Fig. 23. Characteristics and chemical composition of 
base and weld metal are summarized in Table 9. The 
specimens were subjected to reverse tension and com 


Table 9—Chemical Composition of Plates and Weld Metal. 
Wilson” 


Carbon Steel Alloy Steel 


Element Plate WeldMetal Plate Weld Metal 
Carbon 0.233 0.09 0.165 0.08 
Manganese 0.515 0.500 1.22 0.52 
Phosphorus 0.0147 0.015 C.022 0.0165 
Sulphur 0.041 0.026 0.066 0.025 
Silicon 0.016 0.215 0.20 0.23 
Copper 0.22 0.06 0.02 0.015 
Chromium 0.075 0.012 0.03 0.01 
Vanadium 0.01 0.01 0.10 0.01 

Physical Properties 
Yield point, psi, 34,500 54,125 
Tensile strength, psi. 58,700 78,940 
Elongation, %in8in. 30.7 30.5 


pression of equal intensity. Fatigue results for 100,000 
and 2 million cycles criterion are summarized in Table 10. 
Though not strictly comparable, because of different 
range, decrease of fatigue caused by studs on both sides 
is similar to that found previously” (R. L., p. 14), but 
results for specimens with stud on one side only are 
higher than those reported previously on a low-alloy 
high-tensile steel. 

According to tests by O'Neill and F. C. Johnson® on 
2° Ni steel, reinforcement of riveted joint by fillet welds 
weakens the fatigue resistance of the riveted joint, un- 
less all notches at the junction are removed by grinding. 


Fillet Welds, in Shipbuilding 


Overlapped joint of mild steel, welded with front fillets, 
gave a reverse fatigue stress of 8800 psi. when shallow 
double joggled, and only 4400 psi. when deep single 
joggled, Fig. 24 (criterion 10 million cycles), according to 
Haigh and Robertson.”° The lower resistance of the 
latter is due to more pronounced bending effect. 


| 
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Figs. 11, 12, 13, 14 and 15—Rectangular Straps with Ground 
Fillets. Pulsating Fatigue Resistance 24,200 Psi. Dimensions 
in Millimeters. Graf** 
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It was previously reported that the best way to i; 
prove the pulsating tension fatigue value of T-joint was 
to taper the leg of the T (as shown in Fig. 1, i a p. 5). 
This statement is confirmed by deRoy and Schoen- 
maker"™® and RoS'* who made comparative tests on 
tapered and untapered T-joints of mild and high-tensile 
steel. However, it is not substantiated by experiments 
by K6érber and Hempel, who made bending repetitiv« 
tests on welded beam-column connections represented in 
Fig. 25. 


il 


Some of the beams have been chamfered before 
being welded to the connection plate used in place of 
column; yet they behaved similarly to the unchamfered 
ones. Both gave, as seen from diagram, Fig. 25, a pul 
sating tension fatigue limit (2 million cycles criterion 
of 10,800 psi. only, the base metal being a mild steel of a 


Table 10—Fatigue Strength of Plates with Transverse Fillet We 


6] 
Carbon-Steel Plates. Wilson 
— 
7 
+ 
2 
i 6 
+ 4 
2 5 . 
4 
Ss i| 7. 00.4 . 
6 fo -24.0 93.9 
«A 
7 2/.0 47.8 . 
if 
C 4786 . 
OL Av. /8 
7 
| < 6 
4 
— “ « 
LJ 
=| i. 
c 
S 


min. tensile strength of 52,000 psi. and welds made in 
accordance with German Standard DIN 4100. Lik 
wise, Bierett® states that the use of ribbed plates instea 


of ordinary flats for flanges of welded !-beams 1: 
justified in so far as ordinary grade St37 mild steel 1s 
concerned. Their value for high-tensile, grac 


steel is not yet determined, but of no concern anywa 
the use of ribbed flanges is imperative from the px 
view of execution (hardening effect and shrinkag« 
This is in accordance with the view expressed b 
kian and Claussen™ ‘‘that tension fatigue fractur: 
end fillets always commence at the toe rather than 
root of the fillet, which suggests that extremel) 


and high stresses are caused by undercut or ¢ ther dete: 


This statement seems also to be substantiated 
performed by Thum and Erker.” When as-weld 
joints made by fillet welds, Fig. 26, gave a fatigue 
of 12,800 psi. in reverse bend fatigue tests (10 
eycles criterion Removing properly the notch ef! 
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Figs. 17 -20—Comparative Pulsating Tests on Spliced Beams. Graf 
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Fig. 21—-Specimen with Side Fillet Welds on Web. Erker 
and Cleft" 


Fig. 22—Specimen with End Fillet Weldson Web. Erker and 
Cleft" 


b, Extension to avoid buckling under load. 


at the toe by means of cold rolling with a special rolling 
machine (see section on Mechanical Treatment) raised 
the fatigue limit up to 22,000 psi., which was the fatigue 
of the base metal since fracture occurred '/» in. from the 
weld. 

On the other hand, T-joints made by butt welding a 
ribbed plate, Fig. 27, gave an endurance limit of about 
14,000 psi. when as-welded and again 22,000 psi. with 
fracture in base metal when notch effect was properly 
removed. 

The base metal was a mild steel with tensile strength 
around 52,000 psi. and was welded with a heavy covered 
electrode (0.1% C, 0.1% Si, 1.5% Mn). 


Tests of All-Weld-Metals 


That all-weld-metal can now practically reach the 
fatigue limit of the base metal has been proved by 
Amatulli and Henry,' Durant and Ennis," Hoffmann 
and Friedrich®’ and claimed by Ro§&.”° 

Amatulli and Henry' tested rotating beam specimens 
polished with 000 Herbert paper in the rotating-spring 
reversed flexure fatigue testing machine of the cantilever 
type. A 10 million cycles criterion, equivalent to Woe- 
hler limit, was used. 

The weld had the following composition: 0.1-0.2% 
C, 0.4-0.5% Mn, 0.10% Si, less than 0.03% S + P, and 
exhibited the following characteristics: VY. P. = 55,000—- 
60,000 psi., T. S.—70,000-72,000 psi., elongation in 2 


in. 30-20%. Rotating beam fatigue limit: 35,000 


psi. This gives a value of 0.5 for the ratio fatigue lim 
tensile strength, almost the same as for the base meta]. 

Similar results were obtained by Durant and Ennis! 
using the same testing procedure and a weld metal. de- 
posited by Unionmelt process, of the following composi 
tion: 0.16-0.18% C, 0.6-0.75% Mn, 0.22-0.28° s; 
0.06% P + S. The metal was tested as-welded and 
stress relieved at 1200° F. for one hour, then air cooled. 
As seen from the figures below, Table 11, the ratio of 
about 0.5 is reached in both as-welded and stress-relieved 
conditions. According to Ro&s’ much higher value js 
reached in Switzerland, where a rotating beam fatigue 
limit of at least 42,500 psi. (+ 10%) is now required with 
a tensile strength of 64,000 to 78,000 psi. This represents 
a ratio of at least 0.55. Hoffmann and Friedrich?’ ip 
vestigated the rotating beam fatigue resistance (criterion 
10 million cycles) of an autenitic Cr-Ni-Ta base and weld 
metal (composition not stated) in unnotched and notched 
conditions. 


Table 1l—Rotating Beam Fatigue Tests. Durant and 


Ennis'' 
Rotating 

Beam Ratio 
Tensile Fatigue Fatigue 

Strength, Elongation, Limit, Limit 

Specimen Psi % in 2 In Psi r.s 
As-welded 70,500 37.5 35,700 0.51 
Stress relieved 63,000 38.5 30,000 0.48 


The results summarized in, Table 12, show that weld 
was in every respect equivalent to the base metal 


Table 13—Rotating Bend Fatigue Tests on Machined Un- 
notched and Notched Welds. Criterion 10 Million Cycles 
Hackert and Zeyen'" 


Fatigue Limit, Psi 


Nature of Weld Unnotched* Notched? 

Cored electrode 95 500 29 SK 

Coated electrode 27,000 29 300) 
* Polished specimen 0.275 in. diam 


t Circular notch, 0.036 in. deep with a radius of curvatur: 
in 


That notch effect rather than intrinsic quality of weld 1s 
responsible for the decrease of fatigue resistance of welds 
is shown by Hackert and Zeyen.'” While thoroughl) 
polished specimens were superior when a coated ele 
trode was used as a filler metal, notched specimens gav 
the same figure for a coated electrode and a cored ele 
trode, Table 13. 


Table 12—Rotating Bend Tests. Criterion 10 Million Cycles. Hoffmann and Friedrich” 


Base Metal: Unnotched specimen—diam. */;,in.; notched specimen 


diam.0.27in. Notch: depth 0.03 in., 60° opening, radius 0) 


Weld Metal: Unnotched specimen—diam. 0.25 in.; notched specimen—diam. 0.31 in. Notch: depth 0.034 in. 


Tensile Elongation, 
0.2% Elastic Strength, © in 10 times Fatigue 
Material Specimen Limit, Psi. Psi. Diam Medium Psi 
Base metal forged Unnotched 35,000 104,000 44.6 Air 33.500 
Water 28,500 
Notched 3A,800 3,000 18.6 Air 23,400 
Weld metal Unnotched 58,000 32,000 41.8 Air 33,500 
Water 20,600 
Notched 46,500 104,000 ame Air 25,000 
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Welds at Elevated Temperature 


Tests by Amatulli and Henry' reported previously are 
the only ones carried out above the room temperature. 
The following results were obtained: 


) 68 35,000 
) 392 35,000 
0) 572 41,000 
500 932 Not determined but obviously below that 


of the room temperature 


Phe increase of fatigue limit at 300° C. is in agreement 


with results for the base metal. Likewise the ratio of 
0.5 for the tensile strength over the fatigue endurance 
) ’ indicates that in this particular case the weld metal be- 
! haves in every way like an unwelded steel. 
Process Other Than Gas and Metallic Arc 
Resistance Welding 

Flash Welds.—The information on fatigue of flash 
welds published after 1936 and up to the present time is 
scant and substantiates the conclusion previously drawn 
that properly made flash welds develop a fatigue resist- 
ance almost equal to that of unwelded specimens. 

7 


125.1 of Plate and Web Before 
\ Cutting and 


\ | Machinitig 

I 3 = 


sy 
i 
Sectior A-A 
Il Specimen 


7Tee-we/ded Web, 
Both Sides 


Section A-A 
Type Soecimen 
7ee-we/ded Web, 

One Side 


Section A-A 
Yee I Soecivrer 


Sase Metal Only 


Fig. 23—-Fatigue Tests of Welded Joints in Steel Plates. 
of Specimens. Wilson” 


Details 


. Ros" gives (no details) the following figures for fatigue 
¢ ratio (fatigue of welded specimen/fatigue of unwelded 
specimen) of flash-welded bars for concrete reinforcing, 
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Fig. 24—Butt Welds and Fillet Welds in Shipbuilding. 
and Robertson 


Haigh 


specimens cut from flash-welded joints develop a rotating 
beam fatigue limit (WoOhler method) up to 90% of that 
of unwelded rail. 

Full-scale fatigue tests on welded joints and rail in a 
special rolling load machine (see section on Rail Joints) 
gave a fatigue ratio (fatigue limit of welded specimens 
fatigue limit of unwelded rail, 2 million cycles criterion) 
of more than 77%. 

Extrapolating the S/log N diagram above 2 million 
cycles, Campus* found that pulsating bend fatigue limit 


35,600, 


Table 14. 
Table 14—Flash-Welded Bars for Concrete Reinforcing. 
Ros” 
88000 132,000 E 
Diameter of Bar, In Fatigue Ratio . J > 
ra 
I 185 0.90 Fig. 25—Fatigue Strength Diagram for Specimens K3, K5 and 
1. 580 0.80 K6 (H Beams IP20 with Welded Connecting Plate). K6rber 
4 1.975 0. 80 and Hempel** 
A = yield stress of specirme 
i B = pulsating stre 
Results published by H. F. Moore and co-workers . 
on fatigue tests made on welded rail joints show that E = average load, lb. 
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Table 15—Fatigue Tests on Spot Welds 


St 


Fatigue strength unwelded, Ib. 
Fatigue strength, welded, lb. 


of Stainless Steel (No Details). Doussin’? 


eel A, Steel B, Steel C, 
0.02 In. Thick 0.039 In. Thick 0.079 In. Thick 
1280 3900 6900 
790 2200 4200 
62 58 60 


Ratio welded to unwelded, % 


Composition and Mech 


Steel Cc Cr Ni Mo 
A 0.10 16.3 6.0 0.45 
B 0.12 18.8 7.8 0.38 
- 0.12 17.9 5.0 0.12 


anical Properties of Steels 


Yield Point, Tensile Strength, Elongation, 
Mn Si Psi. Psi. J, 
0.40 0.61 58,000 161,000 47 
0.39 0.49 144,000 172,000 15 
0.42 0.68 85,000 129,000 55 


of flash-welded rail joints would be at 10 million cycles 
85% of that of unwelded rails (analysis not stated) 
when as-welded, and only 57% when annealed (50 
minutes at 1792° F.). 

Ro§”° reports a pulsating bend fatigue limit of 50,000 
psi. for unwelded rail, and 37,000 to 39,500 psi. for flash- 
welded rail joints (no details). Discussing results ob- 
tained by Graf, Rosenberg*® reported a fatigue value of 
flash butt-welded rail joints equal to 91% of that of un- 
welded rail (no details). Miiller® states similar results 


on flash butt-welded rail slippers (no details). Recent 
- 18 . 
0 0 
0.67" 
20" ——— > 
| 
21° 
00000 0 0 
=) 


0.83" 
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Fig. 26—Fillet-Welded Specimens. 
@ = dangerous section. 


Thum and Erker’ 


tests performed by Graf** gave more substantial results. 
Flash-welded rail joints, composition not stated, but 
presumably of high C content, with the upset metal en- 
tirely machined off, exhibited a pulsation resistance fa- 


tigue for 2 million cycles of 41,300 psi., which lies between 
34,000 and 60,000 psi. found for the unwelded rails re- 
moved from service. Thus flash welds may secure the 
full fatigue resistance of an unwelded rail. 

Spot Welding.—Fatigue tests on spot welding are 
primarily concerned with light alloys for aviation. They 
were carried out in such a way that results were of com- 
parative value only. 


0.67" 
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Fig. 27—Butt-Welded Specimens. Thum and Erker’® 
The base plate, L, consisted of part of a T-section, the web being 
about 0.63 in. thick at the weld, the flanges also being about 0.63 
thick. 


in. 


The only tests on mild steel deals with patented double 
ribbed plates,* Fig. 28, made of two cupped plates by 
spot welding. Plates 6 in. wide and 0.0395 in. thick were 
subjected to reverse flexure over a span of 22 in., by 


Table 16—Fatigue Strength 


Thickness of 


Alloy Sheet, In. 

Duralumin 0.039 
Duralumin 0.039 
Duralumin 0.039 
Duralumin 0.039 
Duralumin 0.059 
Duralumin 0.059 
Duralumin 0.079 
Duralumin 0.079 
Duralumin 0.079 
Aluminum containing 0.5-2 Mg, ) 0,059 

0.3-1.5 Si, 0-1.5 Mn 0,059 
Al-7% Mg 0.079 
Magnesium containing 6% Al 0.039 
Magnesium containing 6% Al 0.10 


Spot Diam., In. 


of Single Spot Welds. Haase” 


Pulsating Tension Fatigue 
Strength (0 to + Max. Stress) for 
Static Breaking Load, 10 Million Cycles, 
Lb. per Spot Lb. per Spot 


0.122 288 88 
0.212 670 152 
0.224 720 134 
0.236 740 143 
0.236 940 169 
0.244 1060 128 
0.208 660 185 
0.268 970 273 
0.331 1610 292 
0.232 610 108 
0.240 695 172 
0.323 1210 231 
0.189 304 62 
0.394 1825 202 
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Fig. 28—Sketch of a Double Ribbed Plate Made by Spot Weld- 


ing. Klosse** 


means of electromagnet. The plates were forced to vib- 
rate at a frequency of 80 cycles per second. The de- 
flection in the center in the mid-span of the plate and 
the number of cycles to cause rupture were recorded. 
Special care was taken to avoid buckling. The height 
(hin Fig. 28) was 0.32 in. or 0.48 in. 

Upon a criterion of more than 6 million cycles the plate 
of 0.32-in. height could withstand a deflection equiva 
lent to that produced by a load of 38 kgs. (= 92 Ib.), 
and the plate of 0.48-in. height to that of 1661b. Direct 
comparison with unwelded plates was impossible; how- 

er, by computing it was found that due to the increased 

rigidity the fatigue resistance of the double ribbed 
welded plates was five to six times greater than the fa- 
tigue resistance of two unwelded plates of equal thickness. 

On the other hand Doussin™ gives the following com- 
parison between unwelded and spot-welded specimens of 
18-8 stainless steel made according to the specifications 
ior testing the spot weldability of stainless steel for air- 
craft construction, French Air-Ministry (see THe WELD- 
ING JOURNAL, July 1939); Table 15. With respect to the 
fatigue tests on spot welds in light alloys, there is little to 
be added to the information already given in connection 
with the resistance welding aluminum and its alloys.” 

Pulsating tension fatigue tests have been carried out 
by Haase* along the same lines as those made by Os- 
wald,* Rietsch™ and Schraivogel”® and reported previ- 
ously. As befcre, single spots and several spots in a 
joint were tested and use was made of aluminum and 
magnesium alloys, Tables 16 and 17. 

Different spot diameters were secured by different 
machine settings. The larger spots, while having high 


BEND ROLLING-LOAD 
TEST TEST 
= | NO ELECTRIC PRESSURE WELDS TESTED 

- JOINT BAR ——> 
ad 
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pressure wero —> 
« 
<8J~———— Gas FUSION WELD ——> 


Fig 29—Relative Strengths of Joints as Shown by Bend Test 
and Rolling-Load Tests. Moore*! 

Letters on bars designate welding process. Strength of thermit 

eid joints in 131-lb. rails based on average for two lots of specimens. 


static strength, do not improve the fatigue strength. The 
pulsating tension fatigue strength is '/; to '/, of the static 
strength. 

Table 17 shows that the fatigue strength per spot de 
creases as the number of spots in the joint is increased. 
It is better to place welds one behind the other than one 
alongside the other which agrees with previous reverse 
bend tests made by Hentzen”™ and quoted in the Review 
of Literature on resistance welding aluminum and its 
alloys. As a whole, tests on weld elements supply no 
clear idea on the behavior of components, owing un 
doubtedly to several factors involved therein. 


Table 17—Pulsating Tension Fatigue Strength of Different 
Spot-Welded Joints in Al-7% Mg Alloy, 0.079 In. Thick. 


Haase’ 
Pulsating Tension Fatigue 
Str ngth Oto + M iX. 
Stre for 10 Million 
les 
Type of Joint Lb./Spot Psi.” 
Single spot in two overlapping sheet 231 2600 
A row of two spots perp ndiculas 
load and 0.59 in. center to center 134 3000 
Two spots parallel to the load and 0.59 
in. center to center 150 3400 
Four spots arranged on a square; 0.59 in a 
center to center of each spot 86 3/00 
* Based on sheet cross section ).079 X 1.2 in. 
TY 
3 Fo 
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Pulsating tension fatigue 
stress in lb./sq.ine 


Fig. 30—Correlation Between Fatigue and Notch Impact Values. 
Zeyen*® 


Unfortunately, information on the resistance of spot- 
welded structures, mostly aircraft elements, are even 
more scanty than those on weld elements. 

Besides the tests performed by Reichel,” National 
Advisory Committee on Aeronautics Hentzen” and 
Steward’ already reported, mention is made by Ne- 
poti'™ of tests performed by D. V. L.* on spot-we Ided 
box girder made of Cr-Mo steel, tensile strength 175,000 
psi. The structure was submitted to cyclic variation 
from —4000 to +28,000 psi., a range of stress which was 
said to be equivalent to a reverse stress range of + 20,000 
psi. The number of cycles for rupture was very low 
618,000. 

Other Processes. oe tension fatigue resistance 
of butt welds made by automatic carbon arc (no details) 
is, if anything, at least equal to that of butt welds made 


* Deutsche Versuchanstalt fuer Luftfahrt. 
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by hand-welded shielded arc and metallic electrodes, 
according to Wilson.® 

The base metal was a */,-in.-thick carbon mild steel 
plate of 54,500 psi. and the following composition: 
0.15% C, 0.061% Si, 0.497% Mn, 0.046% S + P. 

In both cases the fatigue resistance, computed by the 
formula F SN*'9/2,000,000°"° (see section on Deter- 
mining Fatigue Limit), was around 22,000 psi. when as 
welded, and 25,000 psi. when stress relieved. This is 
about the value that is generally accepted for fatigue 
pulsation limit of ummachined butt-welded low carbon 
steel plates. 

Gas Pressure Welds of rails proved to be in every re 
spect equivalent to electric flash pressure welds, accord 
ing to Moore and co-workers.*' The process comprises 
oxyacetylene heating of clean butting faces which are 
under pressure, to a temperature below the solidus with 
continuous and increasing application of pressure re 
sulting in a sound weld. About the same values of fa 
tigue resistance were obtained: around 90° of that of 
unwelded rail in rotating beam test and more than 77% 
of that of unwelded rail in the rolling load test (see de 
tails in section on Rail Joints). 

On the other hand, thermit welds on the same kind of 
rails" gave an endurance limit in rotating beam test 
varying from around 50% to around 75% of that of un- 
welded rail, according to location of specimen in welded 
joints, and about 70% of that of unwelded rail in the 
rolling load full-scale test. 


Atomic Hydrogen Welding 


According to Nepoti,'” the reverse fatigue resistance 
of a triangular truss in Cr-Mo tubing (T. S. = 85,000 
psi.) welded with atomic hydrogen (no details) was 


+ 20,000 psi. at 12 million cycles. 


Correlation of Fatigue with Other Physical Properties 


Fatigue and Static Resistance 


As shown by Moore*' and Swinden”® the behavior of 
metals in fatigue points to a definite relation between ten- 
sile strength and fatigue strength. However, welding 
may entirely upset this relation because of the notch effect 
created by surface irregularities and internal defects.° 
It is therefore feasible that according to the magnitude 
of this effect, there may or may not be a definite relation 
between these two characteristics. This explains the 
apparent contradiction existing between the results ob- 
tained by several investigations since 1936. 

With butt welds smoothed so as to remove the ‘‘notch 


Table 18—Pulsation Tension Fatigue of Smoothed Butt 
Welds, 2 Million Cycles Criterion and Hardness. Zeyen”™ 


Brinell Fatigue 
Hardness Limit, 
Specimen and Treatment at Junction Psi. 
1. Unwelded, mill scale 160 42,500 
2. As-welded, with cored wire 206 35,300 
3. As-welded, with coated electrode 181 33,300 
Butt welds annealed at 1020° F., 
welded: 
4. With cored wire 200 35,300 
5 With coated electrode 176 34,000 
Butt welds annealed at 1470° F., 
welded: 
6. With cored wire 156 32,500 
rg With coated electrode 156 31,200 


5 
20 
/® 
» 
+ arc weld 
@ aust. rod 


14200 28400 
Pulsating tension fatigue 
stress in 1b./sq.in. 


Fig. 31—Correlation Between Fatigue and Elongation. Zeyen 


effect’? Zeyen™ found a slightly higher fatigue resistanc: 
in specimens whose heat-affected area (the location of 
fracture) was harder. The base metal was highi-tensil 
low-alloy steel (0.14% C, 0.36% Si, 1.49% Mn, 0.37' 
Cu) with T. 5S. = 77,000 psi., Table 18. 

O'Neill and Johnson‘ believe that the decrease of 
fatigue caused by tempering unmachined welds 1s due t 
‘the decrease of intrinsic fatigue strength,’ but this ts 
not clearly shown by their own tests, and 1s to some ex 
tent contradicted by tests made by Bollenrath and 
Cornelius. 

Comparing the resistance of rail joints welded by dt 
ferent processes, Moore* and co-workers found that the 
relative order of merits in the rolled-load fatigue test 
(see section on Rail Joints) was the same as 1n stati 
bend tests, Fig. 29. 


Table 19—Tensile and Fatigue Strength of Welded Rail 


Joints. Moore‘ 


Tensile Strength Fatigue Strength 
in % of That of Unwelded Rail 
Process Head Web Base Head Web Bas 
A. Gas weld fusion 74 15 17 50 59 5 
B. Gas weld fusion 81 55 63 R9 83 
C. Thermit Weld 
Rail 112 Ib. 86 4 92 
Rail 131 Ib 87 77 75 55 77 
D. Electric flash 97 QQ YQ 87 73 vU 
E. Gas pressure 90 90 89 79 73 Si 


In practically all processes there is some heating for stress reli y 
ing or normalizing after the weld has been made aad, of cours: the 
grinding off of the excess of metal over the head and sides of the 
rail head. 


Also, the same order was maintained in rotating beam 
tests with small polished specimens cut from different 
parts of the joint, Table 19. Moreover Table 19 gives 4 
comparison between static and fatigue strength of these 
specimens. Due to the removal of all possible not h 
effects, a better correlation might have been anticipated 
As pointed out by the author, the lack of better corre/a 
tion may be explained by the obvious lack of homo 
geneity. The author concludes that it would be unwise 
to state that a correlation between these tests has bee! 
established by the relatively few tests performed. 
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Table 20—Table Showing Fatigue Ranges and Static Strengths of Girders. 


for stress relieving (one hour at 622° F whereas their 
sistance remained unchanged. Conversely, static 
ince of spot-welded light metals is increased when 
the spots are larger, but not their fatigue resistance, as 
shown in tests performed by Haase.’ 

Zeyen”’ believes to have established in his tests some 
correlation between fatigue and ductility measured in 
tensile test and between fatigue and notch impact re 
revealed by the D. V. M.* notched specimens, 
Figs. 30 and 31. The fatigue specimens were of mild 
steel butt welded with different electrodes and machined 
flush with the surface. They were tested in the direction 
of weld (longitudinal weld). 

Since no correlation between these properties has ever 
been established previously 7* on homogeneous specimens, 
the very small correlation pointed out by Zeyen might 
have been due to some internal defects impairing equally 
both fatigue and ductility. 

rhis is obviously the case with tests performed by 
Homes’ on machined butt welds containing purposely 


static Tf 


resis 


sistance 
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Table 21—Correlation Between Fatigue and Radiography. 


Lea and Whitman 


Fatigue Limit Static Strength, Psi 
ension) for Fatigu Lit rf Apparent Stati 
Maximum Stress 5 XK 10® Repeti Rangt Propor Crippling Strength 
lest Specimen Reckon d on tions, Psi Fac tor tionality } | 
iin joist. Series A Original section of joist 0 to 35,800 1 70 66,000 | 
ad joist Series Al Original section of joist 0 to 13.500 YS 
Net section of joist 0 to 19.100 0 53 YP OO 
welded jotst Series B Original section of joist 0 to 14,601 (0). 4] 500 0. Of 
weld d jo1 t Series Bl Or rinal ection of 0 to AG 
fillet-welded cover-plate Original section of joist 0 to 12,300 0.34 5.600 71.00 l 
nt Series D 
t with riveted cover-plate joint Original section of joist 0 to 17.100 0) 45 () 68. 500 1.038 
Series | Net section of joist 0 to 34.100 0. 67 | 0) 
lded girder, as-welded Series C Max. stre at top of flange 0 to 23,500 0 66 26,400 62.500 0.95 
Ma tress at fille 0 to ZU 200 0 456 
7. Welded girder, stress relieved Series Ma tress at top of flange 0 to 24,600 0 69 3 AK 67. | 
I Ma tre at fille 0 to 21,500 0.6 
vad carried by the girder under either static or repeated stresses is proportional to the st eck 1¢ original section 
On the other hand, Lea and Whitman® found little various amounts of porosity While sound specimens 
correlation between static resistance and fatigue in un gave an endurance limit of 27,500 1 und a notch im 
machined welded joists (butt welds and fillet welds) tested pact value (Charpy specimen) ranging from 12.6 to 
in bending, Table 20, and this is in agreement with the 13.5kgm./sq.mm., porous welds with rupture through th 
results of the majority of investigators previously re most porous section gave li rangit from 
viewed The lack of correlation between static and 18,400 to 14,000 psi. and notch impact values from 
fatigue resistance is especially noticeable in spot welding 5.0 to9.0kgm./sq.mm. In contradiction to these results 
light alloys. According to Reichel,” fatigue resistance of tests reported by Bollenrath and Corneliu on butt 
spot-welded spars made of aluminum-clad duralumin and welded Cr-Mo steels, containing crac! gave latigue 
\l-Mg alloys (7-8% Mg) was increased by heat treatment failures starting from the cracks and static failures start 


ing in the heat-affected area, outside of the cracked weld 


Radiographic Rating and Fatigue 


Several investigators™: ” have sought to esta 
a relation between radiographic picture ol 
their fatigue The difficulty in evaluating the radio 
graphic rating was one of the drawbacks of this investi 
gation. 

Assuming a conventional rae 
flaws; B, trace of porosity; C, little porost 
siderable porosity) and a conventional fatigus 
rating (ratio of the stress for a given specimen to the 
average value), Wilson™ found no definite 
tween the two ratings. The specimens were butt welds 
and all failures occurred in weld. Since the rating D was 
excluded for lack of specimens, this statement applies 
only to specimens with little or no porosity 

Testing not purposely poor welds, but practically fault 
less welds, Matting” believes, however, that certain 
correlation may be established 
gations—for example, those by 


relation be 


He quotes earlier invest 
Berthold®*—and then 


Matting” 


Upper Number of 
Limit, Cycles in 
Base Metal Weld Metal Weld Psi, Millions Radiography 


$t37 Not stated Unmachined, longitudinal 25,500 More than2 Satisfactory, no porosity visible by X-rays 
st37 Not stated Unmachined, transverse 21,300 0.86 Porosity, but fracture started from undercut 
ting and blowhole, both visible by X-rays 
Not stated Transverse Machined and 25,500 More than2 Satisfactory 
Unmachined 21,300 

nts7 Not stated Machined, transverse 21,300 1.27 Small lack of fusion 
St37 Another electrode Machined, transverse 25,500 0.9] Fracture starts from blowholes clearly visible 

(no details) by X-rays 
St52 Not stated Unmachined, longitudinal 27,000 1.64 Fracture starts at an abrupt change of bead 

no details thickness clearly visible by X-ray 

St52 Not stated Unmachined, transverse 21,300 1.471 Satisfactory, premature failure not explained 
3137 Not stated Unmachined, transverse 25,500 1.32 Fracture starts from porosity which X-ray 
: failed to disclose (technique 
St37 Not stated Machined, transverse 25,500 1.15 Lack of fusion 
937 Cored Unmachined, transverse 21,300 1.97 Small porosity which, however, did not impair 
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relates his own investigations in which specimens were 
used with transverse and longitudinal butt welds cut 
from plates 0.47 in. thick, 24 x 20 in. wide with X bev- 
eled edges. The base metal was either ordinary mild 
steel, grade St37, or low-alloy steel, grade St52, of various 
compositions. The electrode was in some cases coated 
in other cases a cored electrode (no details) was used. 

The fatigue tests were conducted so as to comply with 
the German Standards for testing the welds in pulsating 
tension.° The lower limit was 1400 psi. The upper limit 
was 21,300 psi. for transverse welds and 25,500 psi. 
(27,000 psi. for grade St52) for longitudinal and machined 
transverse welds. 

Results summarized in Table 21 point to a certain cor 
relation between fatigue and radiographic rating, but it 
requires more than usual practice to disclose which de 
fect is likely to impair the resistance and which not. 

Moreover, according to the author hardening of the 
heat-affected area of St52 grade steel brought premature 
fracture in three cases of four (no detail) and difference 
in elastic behavior of base and weld metal impaired also 
the fatigue.* These effects are, of course, not detectable 
by X-rays. 

Bierett,? without assuming any radiographic rating, 
shows that fatigue limit of butt welds has a definite rela- 
tion to their aspects as disclosed by radiography and 
macro-etching (see section on Defects). 

Hempel states that a relation can be established 


* This refers presumably to previous tests by the author.° 
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Fig. 33—Relation Between the Degree of Porosity, p, and 
Pulsating Fatigue Limit, Homes" 


between the nature of defects disclosed by radiography 
and the fatigue limit of machined butt welds. Are- 
welded V-joints with a definite kind of defect were 
secured using specimens of mild steel (T. S. = 52,000 
psi.) with a cross section 1.5 in. wide and 0.48 to 0.55 
in. thick. 

Unwelded base metal machined and with mill scale 
was enclosed for comparison. 


(good) 
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Fig. 32—Pulsating Tension Fatigue of Welds with Different Kinds of Defects. Hempel'"! 
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Results of pulsating tension tests, when plotted in the 
diagram S vs. log N, lay on straight lines distinct for 
each kind of defects. From this a pulsating tension 
fatigue limit (2 million cycles criterion) was computed 
for each kind of defect disclosed by X-rays, as seen from 
Fig. 32. 

Lea and Parker® state also that Jarger amount of 
porosity revealed by X-rays was in agreement with 
lower repeated bend fatigue resistance of machined butt 
welds (19,700 psi. as against + 27,500 psi.). However, 
the nature of welds was not the same in both cases, so 
that the proof is not entirely convincing. Perhaps the 
best quantitative approach to the problem of correlation 
between radiographic rating and fatigue has been made 
by Homes.“* Machined butt-welded specimens of mild 
steel were selected with only one kind of defects—namely, 
porosity. 

\ special non-commercial electrode was used, known 
for giving porous deposit. The amount of porosity could 
be controlled to some extent by selecting proper heat 
conditions (current and welding speed). 

\n attempt was made to evaluate the amount of poros- 
ity in a given section. To this end the difference be- 
tween apparent and true cross section of the metal was 
measured. The ratio apparent cross section-true cross 
section/apparent cross section was termed “degree of 
porosity.’’ The apparent cross section was known from 
the geometrical shape of the specimen. As to the true 
cross section, it was obtained from a diagram represent- 
ing the ‘“‘true thickness” (holes due to porosity being de- 
ducted) of the specimen. 

The novelty of the method consisted in computing the 
true thickness from the radiography of the specimen. A 
standard wedge was radiographed at the same time as the 
specimen. The decreasing thickness of the wedge caused 
an increasing blackening or density of the radiographic 
image. 

Thus, when plotting the degree of density of the image 
against the thickness of the wedge, a diagram was ob- 
tained which could be used to derive the thickness of a 
desired spot of the specimen from the degree of density 
of the corresponding spot in the radiography. 

n spite of a great deal of scattering of the results ob- 
tained in pulsating tension test, the author attempts to 
draw a relation between the pulsating endurance limit 
for 2 million cycles and degree of porosity, Fig. 33. This 
figure is interesting because it suggests that even a small 
amount of porosity, say 1 to 3%, will cause an appreci- 
able decrease of fatigue (of more than 30% in the case 
considered). However, further increase of porosity, 
say up to 12%, will cause an additional decrease of fa 
tigue of only 15%. Thus, from the point of view of 
fatigue the porosity is a notch rather than a mass defect. 


Defects in Welds 
Poro sity 


As explained previously,° internal defects such as 
porosity are in practically good welds less harmful than 


surface irregularities. The latter cause a marked notch 
etiect and do decrease the fatigue resistance of welds. 
But if the surface notch effect is removed by machining, 
porosity in butt welds, if not too great, is still without 
influence on fatigue of 0.23-0.28% C steel according to 
Wilson and Wilder,“ On the other hand, purposely 
poor butt welds with slag inclusions had caused a de- 
crease of fatigue of only 6%." However, the welds were 
not machined, and fracture occurred at the junction. A 
more marked decrease of fatigue due to porosity was 
found by Hével® on specimens made in accordance with 
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the German Railroad Specifications. The surface of the 
butt-welded specimens was smoothed but not flush ma- 
chined. Under these circumstances, porous welds (no 
details) gave 24,000 psi. as against 32,000 psi. in sound 
and properly smoothed welds (see later section on Ma 
chining However, the figure of 24,000 psi. still meets 
the requirements of the German Railroad Specifications. 
Likewise, Hempel," in tests on machined butt welds 
quoted previously, found a decrease of fatigue due to 
porosity of only 10% when compared to unwelded spect 
mens with mill scale. Under the same circumstances 
specimens with longitudinal beads machined off and 
stress relieved gave a decrease of fatigue of 19.4% when 
welded on both sides, and of 4.8% only when welded on 
one side, according to Kaufmann." The decrease was 
believed to be due to porosity in welds and possibly some 
undercutting not removed by machining 

Likewise, premature fractures could be traced to 
porosity and blowholes according to Matting” and the 
same also was revealed in tests by Homes and Rosenthal'” 
and Lea and Parker® quoted previously. 

It is generally agreed that the effect of porosity, if any, 
is greater in butt welds than in fillet welds and this is 
readily understood in view of the more pronounced sur 
face notch effect in the fillet welds. However, if this 
surface effect is removed through proper machining, the 
fillet welds must be free from porosity, according to 
Graf,” to warrant a fatigue resistance equal to that of 
butt welds. 

A more complicated effect of porosity on fatigue is 
stated by Flack-Ténnessen,’* who thinks that porosity 
has only an effect on fatigue when combined with residual 
stresses (see section on Residual Stresses). 

While the foregoing refers mostly to a moderate amount 
of porosity, it is beyond any doubt that unusually high 
porosity must exert a marked influence upon fatigue. 

According to Homes and Rosenthal,’ the decrease 
of fatigue might be as great as 50%. It may, however, be 
anticipated that static tests would reveal also a decrease 
in resistance and ductility. 

Even greater decrease of fatigue, down to '/s3, was 
found by Hankins and Thorpe,“ who compared the fa- 
tigue resistance of machined butt welds made with high- 
class covered electrode and free of porosity with that of 
machined butt welds made with bare wire and highly 
porous. At the same time the decrease of static resistance 
was only 20%. However, it must be remembered that 
even the most perfect welds made with bare wire have 
comparatively low fatigue values. 

When judging the effect of porosity, it must be kept in 
mind that the size of specimens is not to be overlooked. 
That is why several investigators™: ”: ™ believe that this 
effect is likely to prove less harmful, under service condi- 
tions, in the full-scale weldments. The role of porosity 
in spot welding was less studied. However, it is to be 
expected that porosity, if any, is even less harmful than 
in fusion welding, since as a rule fracture occurs not 
within the spot, but at its edge, in the region of high 
stress concentration. In so far as resistance welding of 
light alloys is concerned, cracks have also been reported 
as having started within the weld, as, for example, in 
aluminum-clad duralumin, designated as Alclad 24S-RT,™ 
and, occasionally, in duralumin.* Yet the role of poro 
sity is not clear. Johnson believes that porosity is in- 
jurious to fatigue, whereas Oswald“ and Schraivogel”® 
do not. 


Penetration and Other Defects Due to Execution 


As pointed out by Homes" few slag inclusions might 
prove more harmful than a great deal of porosity. Never- 
theless, of all internal defects the lack of fusion between 
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Table 22—Chemical and Physical Graf" 


Si Mn P 
Ribbed flange 0.17 0.46 1.39 0.029 0.027 
Web plate 0.17 0.44 1.10 0.029 0.029 


parent and weld metal (poor penetration) is and remains 
the most harmful. This was very clearly shown in the 
previous Review of Literature on fatigue° and is again 
emphasized by experiments carried out after 1936.%. 
Slag inclusions and lack of fusion, if not located at the 
root of a V-weld, affect, however, the fatigue resistance 
less than lack of fusion at the root, according to tests 
performed by Hempel! (Fig. 32). 

Now it was pointed out by Bierett previously° that 
the quality of welds is less important in longitudinal fillet 
welds than in transverse welds and this view has been 
expressed again more recently.® 

While poor penetration may cause a marked decrease 
of fatigue in transverse welds, Fig. 34, longitudinal butt 
welds may be replaced in many cases by continuous side 
fillet welds, in which there is always a lack of penetra- 
tion at the root, without impairing the fatigue resistance 
of the welding structure, as, for example, when welding 
flanges to the web in welded I-beams. More generally, 
“longitudinal” defects are less harmful than ‘‘transverse’’ 
defects, apparently because they create a less pronounced 
stress raising. 

It is therefore readily understood that defects due, for 
example, to the end crater are more harmful in longi- 
tudinal welds than in transverse welds, because in the 
former they become “transverse” defects. Premature 
failures due to this defect were reported in several 
cases.”:” Extensive experiments on the influence of 
lack of penetration were carried out by Bussmann’ to 
explain the reason of failure of a welded water container 
(water accumulator) working between 1.5 and 3 atmos- 
pheres of low C steel (C 0.03, Mn 0.33; Si less than 0.01), 
wall thickness about —0.05 in., which burst through the 
longitudinal welding. Examination has disclosed lack 
of penetration of more than 50%. 

Other containers of the same making were radio- 
graphed. Of six vessels examined one was just accept- 
able, the others revealed different small defects, lack of 
penetration at root, upsetting of plates, lack of fusion, 
etc. 

They were submitted to a breathing test by means of 
variation of internal pressure. The range of variation 
was from zero to 2.2 atmospheres; that is, 45% higher 
than in practice. 

The lifetime of a vessel was computed as being around 
350,000 cycles, and this was adopted as a cycle criterion. 
Despite obvious defects no failure occurred. The failure 
in practice must have been due to more harmful defects. 

When submitted to a pulsation between zero and 6 
atmospheres they withstood only a limited number of 
cyeles (max. 65,000). 

Another defect which when transverse may greatly 


Vield Tensile Elong 

Point, Strength, tion 

Other Additions Psi. Psi %, 
0.084 Cu 47,000 77,000 20 
0.033 Cu,0.1 Mo 50,500 74,000 27 


impair the fatigue resistance of butt welds is the off 
setting of the root of the groove,” as shown in Fig. 52. 
This defect is likely to remain undisclosed, if the root is 
not accessible, as, for example, if it is covered with a 
plating according to experiments performed by Richter.“ 
Cracks 

The role of cracks due to welding outside and within 
the weld was not investigated to any extent and is not 
clear. 

Graf'* investigated the behavior of fatigue specimens 
machined from welded girder with ribbed flanges accord 
ing to Fig. 35. Some of them happened to contain 
transverse cracks in the hard heat-affected area. 


Fatigue Values X-rayed Etched 
good welds 


40,000 


1Z000- 


10 
Cycles in Millions 
i28 etc. defective welds 
Fig. 34—Decrease of Fatigue Caused by Defects. Bierett 


Chemical composition and mechanical properties of 
the base metal are listed in Table 22. The electrode was 
the Kjellberg St52 electrode, 0.16 in. diam. for the first 
layer and 0.20 in. diam. for subsequent layers. The girder 
contained considerable shrinkage stresses, but machining 
altered their amount. 

Despite several transverse cracks existing in the hard 
heat-affected area (hardness up to 400° Brinell), spect- 
mens exhibited good fatigue behavior under pulsation 
load (lower limit 1400 psi.), Table 23. 

Consequently Graf reac hes the startling conclusion that 
cracks in the interior of metal are of no concern, provid 
ing the metal does not permit their propagation under 
working stresses. 

More recently, however, Graf® seems to have adopted 


“Table 23—Fatigue of with Cracks in the Heat-Affected Area. Graf" 


Specimen Treatment Prior to Fatigue Fatigue Limit, P%i. 
1. Stressed for 2 min. at 30,000 psi. 25,600 
2. Stressed for 2 min. at 30,000 psi. . 30,000 
3. Stressed for 3 min. at 43,000 psi. : 29,000 
4. Stressed as above 28,000 
5. Stressed as above 30,000 
6. Stressed as above 34,300 
7. Without preliminary static stress 30,200 


Cycles Remarks 
2,076,800 No fracture 
802,000 Broken 
1,023,000 Fracture in a defect in the fusion zon 
2,728,000 No fracture 
1,990,900 No fracture 
1,020,000 Fracture in weld metal 


1,152,000 Fracture 
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Fig. 35—-Fatigue Specimen Machined from Welded Girder with Ribbed Flanges. 


a more conservative conception of security, since he 
warns against whatever cracks may occur in the interior 
of metal. This is in accordance with the statement made 
by Bollenrath and Cornelius" according to whom the 
influence of the existing welding cracks on the pulsation 
fatigue of butt-welded Cr-Mo steels (no details) was con 

siderable. While specimens free of cracks gave a pulsa- 
tion fatigue of 31,200 to 34,000 psi. (with 5700 psi. 
as lower limit and at 5 million cycles), a small crack spread 
over 50%, of the width of specimen decreased this fatigue 
to half its value and a crack 0.039 in. deep over the 
whole width of the specimen resulted in a fatigue limit of 
8500 to 10,000 psi. only. 

However, when tested under static load, specimens 
failed not at the cracked weld but outside, in the heat- 
affected area. 

In spot welding, cracks are sometimes within the spot, 
and a question arises (H. W. G. Hignett, private com 
munication, May 1940) whether this will necessarily 
reduce the fatigue strength, as the location of fracture 
is at the edge of spot and not therein. 

Interrupted Seams.—The poor behavior of interrupted 
fillet welds® is again emphasized in experiments per- 
formed by Erker and Cleft and reported previously. 
They proved to be almost 50° weaker than the continu- 
ous welds. 

The explanation of this poor behavior is to be sought 
in the stress concentration effect at the fillet ends, which 
are also the starting points of fracture. 

However, things are different according to Thum and 
Erker,®® when tests are so conducted as to cause the frac- 
ture to start from the root of fillets. 

The fillet welds were made on specimens shown in 


MQ 
24/17" 


Fig. 36——Torsion Fatigue Specimens for Fillet Welds. 


Graf" 


Fig. 36 and subjected to reversed torque in a vibration 
machine 

Base metal was a mild and high-tensile steel (T. S. 
53,000 psi. and 71,000 psi.) and also a cast steel (T. S 

27 ,000-60,000 psi. rhe fillets were made with two 
types of heavy covered electrodes. 

Due to the much smaller cross section of the fillet as 
compared to that of base metal, fracture occurred at the 
throat of fillets. Computed for the throat section of 
fillets, endurance limit ranged from 7100 to 10,000 psi. 
(10 10° cycles). 

The authors consider that there is little difference be 
tween outside or inside fillets, between continuous or 
intermittent fillets, and no advantage in using high 
tensile steel (this in agreement with previous experi 
ments). 

It is, however, noteworthy to mention that intermittent 
fillets were superior to the continuous fillets. This is not 
in contradiction with previous results, since fracture oc 
curred at the root of fillet and not at their ends. 


Mechanical Treatment 
Peening 


According to our present knowledge on the influence 
of stress raisers in unmachined welds it cannot be ex 
pected that peening after each bead would improve the 
fatigue resistance of a good quality weld. This was again 
confirmed by Wilson® with butt-welded specimens of 
plain C steel (0.23-0.28% C) . 

However, it may be recalled® that peening proved 
effective in closing the pores and thus removing the in- 


Thum and Erker 


Left: Inside fillet: throat thickness of inside fillet = 0.20 in. Shaft diameter 2.17 in. 
Middle: Outside fillet; throat thickness = 0.20 in. Shaft diameter 1.97 in 
Right: Intermittent fillets of both types. 
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ternal stress raisers of very poor welds. Thus, Bollen- 
rath and Cornelius‘ point to the beneficial effect of peen- 
ing (no details) on tubes of aluminum alloys (6% and 
8% Mg) butt welded with a torch, the weld metal being 
the weakest spot. 


Hot Forging 


The beneficial effect of hot forging (hammering) after 
welding is known from previous tests.° It was confirmed 
by Bussmann’in his investigationson theeffect of different 
treatments on the pulsating tension fatigue of oxyacety- 
lene butt-welded boiler plates 0.59 and 1.18 in. thick. 
By extrapolating the fatigue diagrams beyond 4 million 
cycles, he found at the 10 million cycles criterion an in- 
crease of fatigue of 25% due to hot forging. 

For. the same cycles criterion Thum and Erker” 
found an increase due to forging of about 50% in butt 
welds tested for reversed bending as reported below. 
Though no explanation is offered, it may be presumed 
that the benefit is due to some smoothing effect in reduc- 
ing the notches at the junction. 


Cold Work 


Much hope has been put previously in Thum’s method 
of strengthening the resistance of welds by cold working. 
Recent experiments by Thum and Erker” have shown 
that cold working with a ball peen hammer (radius of 
ball 0.1 in.) was ineffective in raising the fatigue limit even 
if preceded by superficial milling, whereas rolling the 
junction with special rolling machine, Fig. 37, raised the 
fatigue in reversed bending above that of the base metal 


a—specimen —pressure cylinder 
b—rollers k--aleen for developing oil pressure 
c—piston impressure gege 
d—pressure cylinder k—frame 
e—pivot for cylinder l—bolt holes to fasten frame to planer head 
f—oil pressure tubes m—planer bed 


Fig. 37—Apparatus for Cold Rolling the Junction of Weld with 
Base Metal to Develop Uniform Initial Compressive Stresses. 
Thum and Erker’* 


in both fillet and butt welds. The rolls, which had a ra- 
dius of 0.1 in., were passed back and forth three or four 
times by hand so as to obtain a smooth trace about 0.14 
in. wide. The pressure must be at least 1650 lb. On the 
contrary, Kautz* states (no details) that superficial mill- 
ing of the junction, combined with locked-up stresses 
induced by cold working, does increase the fatigue limit, 
Table 28. 


Grinding and Milling 


The most effective means to increase «the fatigue re- 
sistance of welds, both fillet and butt wélds, is and re- 
mains the removal of some excess of metal by mechanical 
means. The effectiveness of the treatment depends en- 
tirely upon the care with which it is done. 
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© untreated 

0 undercut superficially milled 

x undercut smoothly milled 

@ undercut superficially milled and cold peened 

@ undercut smoothly milled and cold peened 

©} undercut rolled (curve f shows the fatigue strength of untreated base mete! 
with mill scale, because fracture did not occur in weld or undercut) 

@ stress at cross section of fracture 

+ stress relief annealed 
The thin line joins points determined on the same type of specimen 


a> 


Fig. 38—Results of Reversed Bend Fatigue Tests on Fillet- 
Welded Joints. Thum and Erker’® 


Superficial grinding and milling is not satisfactory 
according to Thum” and Graf.” 

Smooth grinding and milling is more effective,”: 
though less satisfactory in fillet welds than in butt welds 
according to experiments by Thum,” Figs. 38 and 39. 

Using a special rotatory file for fillet welds, Fig. 40, 
Graf™ could obtain in plates of mild steel reinforced with 
straps a pulsating tension fatigue limit equal to that of 
unmachined butt welds, and even exceed this limit in 
butt-welded spliced beams with flanges reinforced by 
straps,'* as explained previously. 

Wilson™ found grinding only slightly inferior to ma- 
chining in plain carbon steel (0.23-0.28% C), the de- 
crease being only 8% in pulsating tension test with a 2 
million cycles criterion. When performed at 45” to the 
direction of stresses, grinding is even superior to mach- 
ining, if the latter leaves transverse scratches according 
to Hével™ (see Table 24). 

Bussmann’ found an increase of fatigue roughly 25°, 
the same as for hot forging, when grinding flush butt- 
welded plates of boiler quality (composition not stated) 


LB/in*® 
28500 
2 27,000 J 
& 25600 — 
© 24200 
22,800 
21,300 
Lal 

19,900 
1&500 
8 17,100 
> 
12,800) 

2 3 5 7 & 9 io 
MILLIONS OF CYCLES 
* a. O untreated 

b: O undercut superficially milled 
c: @ undercut superficially milled and cold peened 
d: x undercut smoothly milled. @ stress at cross section of fracture 
e: © undercut rolled 

A undercut cold peened 
f: VY undercut end weld reinforcement machined flush 
+ stress relief annealed 

: @ normalized, weld forged. @ stress at cross section of fracture 


Curves d, e, f show the fatigue strenath of untreated base metal with mill scale, 

cause fracture in these specimens did not occur in the weld or undercut zone. 
For the same reason, curve h shows the fatigue strength of normalized base mete!. 
The thin line joins points determined on the same type of specimen 


Fig. 39—Stress-Cycle Curves for Butt-Welded Joints. Thum 
and Erker’® 
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0.59 and 1.18 in. thick. Surprisingly enough, filing flush 
butt-welded specimens of mild steel, Haigh and Robert 
son!2° found no increase of resistance comparing with the 
as-welded specimens. In both cases the reverse fatigue 
stress for 10 million cycles was + 9300 psi. 


Machining 


Nevertheless, the most reliable method of increasing 
fatigue resistance of butt welds appears to be the ma- 
chining. 


Table 24—Pulsation Tension Stresses of Machine Butt 
Welds. Criterion 2 Million Cycles. Lower Limit 1400 Psi. 


Hovel*”* 
Treatment Fatigue Limit, Psi. 
Machined with longitudina scratches 32,000 
Machined with transverse scratches 27,000 
Butt welds at 45° to the axis, ground 32,000 


Porosity in weld revealed by X-rays 24,000 


According to the German Railroad Specifications and 
Regulations for Highway Welded Bridges* machining 
should only remove the notches, leaving the excess of 
metal. 

Hével*® investigated the influence of direction of 
scratches left by such machining, Table 24. It is seen that 
machining with longitudinal scratches permits the fatigue 
limit of butt welds to be raised up to 32,000 psi. (low 
carbon steel). The same is achieved by grinding at 45° 
as mentioned previously, whereas transverse scratches 
decrease the fatigue limit. Further decrease (no benefit 
of machining) is caused by porosity (no details). 

Machining flush with the surface permits welded 
joints to exceed the fatigue resistance of plate with mill 
scale in reversed bending according to Thum and Erker.” 
The plate was a mild steel, 0.09% C, 0.13% Cu, 0.14 Cr 
and 0.10% Ni, T. S. = 52,000 psi. This represents a 
benefit of roughly 70% over the as-welded untreated 
specimens. The benefit is the same as for specimens 
with undercut rolled. The benefit is only of 30-35% in 
pulsating tension fatigue according to Ro§ and Branden- 
berger*® and Wilson® using mild steel, 0.15 C with a ten- 
sile strength of 51,000 to 62,500 psi. This gives a figure 
of 30,000 psi., roughly the same as for unwelded speci- 
mens with mill scale, according to Wilson.® The benefit 
of machining appears to be less pronounced in longitudi- 
nal welding according to Zeyen.*® 

Pulsating fatigue tests (lower limit = 150 psi.) were 
made on specimens with longitudinal butt welds in the 
Schenck pulsator of 25 tons and 1500 cpm. with 2 million 
cycles criterion. The specimens were of Siemens Mar- 
tin mild steel with the following characteristics: 0.15% 
C, trace Si, 0.5% Mn, 0.031% P + S; Y. P. = 35,000 
psi., T. S. = 57,000 psi., elongation (measured according 
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to the formula 10 X diameter) = 28.3%. Plates of 
24 x 14.5 in., 0.6 in. thick, beveled at 35° with root 
opening of 0.128 in. were butt welded along the 24-in. 
edge in several layers (no details). To secure penetra- 
tion the root was chipped out with a chisel and welded 
from the back. Fatigue specimens 3.2 in. wide were 
machined with the weld in the center line. 

Gas and are welding were used. The characteristics 
of weld deposits are summarized in Tables 25 and 26. 
Tests were made on machined (flush with the surface) 
and unmachined welds. One set of specimens was also 
investigated for heat treatment. 

The results are summarized in Table 27. Machining 
of welds increases the resistance according to the impor- 
tance of undercutting caused by welding. The influence 
of the nature of weld is obvious. Porosity, if too high, 
becomes an even more critical factor than undercutting, 
Series F.* The mechanical properties of the weld de- 
posits have a marked but not an exclusive influence upon 
the fatigue resistance of butt-welded specimens. 


Table 26—Mechanical Characteristics of Weld Deposit. 
Zeyen* 

Notch impact, 

Elonga- Kgm./Sq. Cm. 

Tensile Vield tion, % D.V.M.R., 


Weld Strength, Point, in 5 times Test 

Series Process Psi Psi Diam Specimen 
A 56,000 38,200 25.5 12.0 
B| Gas 56,500 38,500 23.5 12.2 
C} Welding +64,000 36,000 23.3 13.8 
D| 86,000 11.2 10.6 
E} 178.000 36,500 35.9 12.1 
F\ 59,000 43,500 7.5 1.5 
G) 67,500 42,200 11:3 1.9 
J} 168,000 49.000 15.0 5.4 
L| Are }61,200 50,000 25.0 9.3 
O Welding )74,500 56,000 31.9 14.2 
Q| 174,000 58,500 25.7 10.3 
T | 99,000 59.300 47.4 18.8 

(88,500 52.000 44.8 15 


| 
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The benefit is smaller when using steel with higher C 
content. As seen from tests performed by Wilson and 
co-workers,™ a 0.23-0.28% C butt-welded steel with 
tensile strength of 63,000 psi. gave only an increase of 
15% by machining, both in axial reversed and pulsating 
tension tests. Nevertheless, this increase brings the 
resistance of machined butt welds close to that of the 
plate with mill scale (17,100 psi. in axial reversed and 
31,600 psi. in pulsating tension test). 

No benefit due to machining was found by Wilson,” 
on silicon steel (0.3% C, 0.23% Si, 0.91% Mn, T. S. = 
80,700 psi.) when using hand-welded metallic arc elec- 


* The lack of improvement in Series L is attributed either to nitrogen or to 
absence of undercutting; the latter appears to be more probable. 


Table 25—Composition of Weld Deposits. Zeyen™ 


Weld 

Scries Process Cc Si Mn P Ss Cu Ni Cr Mo N; O, H, 
oe 0.07 a 0.33 0.022 0.028 0.15 0.03 0.01 te 0.019 0.051 0.0006 
B |Gas 0.08 0.08 0.35 0.022 0.030 0.14 0.08 0.02 ia 0.017 0.049 0.0005 
C } welding {0.13 0.12 0.55 0.020 0.028 0.12 0.04 0.01 0.017 0.025 0.0003 
D 0.20 0.33 0.56 0.010 0.013 0.12 0.13 0.64 0.20 0.014 0.026 0.0004 
E 0.14 0.68 0.71 0.014 0.018 0.09 19.5 25.3 0.028 0.0388 0.0023 
F 0.03 0.02 0.20 0.028 0.030 0.15 0.06 0.140 0.210 0.0002 
G 0.04 0.02 0.20 0.026 0.029 0.10 0.09 0.120 0.180 0.0008 
J 0.12 0.06 0.44 0.018 0.020 0.09 0.08 0.01 0.100 0 09 0.0003 
L Arc 0.06 an 0.20 0.029 0.024 0.13 0.07 + 0.052 0.13 0.0009 
O welding } 0.10 0.06 0.55 0.023 0.016 0.11 0.19 0.01 0.49 0.025 0.09 0.0005 
Q 0.11 0.56 0.68 0.017 0.015 0.11 0.07 0.03 0.015 0.0904 0.0018 
T 0.19 0.67 6.10? 0.017 0.018 0.11 7.5 18.5 0.089 0.021 0.0010 
U 0.13 0.71 1.84 0.019 0.017 0.08 18.7 22.9 0.068 0.042 0.0008 
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trode (no details). Since all machined specimens broke 
through the weld, it may be assumed that the lack of 
benefit was, at least partly, due to the insufficient resist- 
ance of the weld metal. 

The benefit of 30% due to machining is also claimed by 
Hoffmann and Friedrich?’ for austenitic Ni-Cr-Ta steel 
butt welded with an electrode of similar composition 
(no details). 


Table 27—Pulsation Resistance of Welded Specimens. 


Zeyen" 
Fatigue Limit, Psi. 
Welding Weld Un- Weld 
Series Process Welding Rod machined Machined 
i Unalloyed 22,500 24,000 
B Low alloy, Si-Mn 26,700 26,700 
, Gas Alloy, Si-Mn 24,600 26,200 
D Welding | Alloy, Cr-Mo 22,000 25,500 
E | Alloy, high Cr-Ni 25,500 31,000 
) (austenitic) 
F Unalloyed, bare 14,100 14,100 
G Unalloyed, light coated 19,000 21,200 
J] Alloyed, cored wire 21,200 24,000 
Unalloyed, medium 
| coated 24,800 24,800 
O | Alloyed Mn-Mo, thick 
| coated 28,200 31,000 
Q> Welding {Alloyed Si-Mn, thick 
coated 25,500 28,200 
|High Alloyed, Cr-Ni- 
| Mn, medium coated 
| (austenitic) 24,000 27,000 
U ‘High Alloyed Cr-Ni, 
| medium coated 
| (austenitic) 23,200 26,200 
X| Unwelded plate} 
with mill scale ; 36,800 


A fairly good idea of the benefit secured by different 
mechanical treatments in fusion welding is given in 
Table 28, drawn by Kautz.*' It is seen that the benefit is 
greater in bending than in axial tension. 

The explanation of this fact is sought in different 
stress distribution in the two test procedures. In reverse 
bending only the tension stress in outer fibers is critical. 
Every means used to decrease the amount of this stress 
proves therefore effective, but in pulsating tension each 
part of the cross section is equally important, and so, the 
surface stress raisers being removed, the internal minute 
defects still present in welds become critical. On the 
other hand, lock-up stresses induced with the purpose to 


Table 28—Fatigue Limits of Butt and Fillet Welds 


Fig. 40—Machining the Welds. Graf*’ 


decrease the surface stresses raise the amount of the 
inner stresses; this is of no consequence for bending, 
since the inner working stresses are so much lower than 
the surface working stresses, but not, of course, for ten 
sion where the working stresses are more equally dis 
tributed. 

The author therefore strongly advocates the mechani 
cal peening and hammering of the surface of pieces sub 
jected to reversed bending, this despite the results of 
Thum and Erker” who proved, Figs. 38 and 39, that 
only rolling of the surface by means of a hand mill ts a 
reliable process, in so far as the cold working is con 
cerned. 

Despite obvious improvement secured by the various 
mechanical treatments especially by flush machining, the 
fatigue resistance of butt welds is still below that ol 
polished specimens, as it was recalled by Wilson” and 
Lea and Parker.” 

And finally, it must be kept in mind that machining ts 
without any benefit, and even detrimental, should th: 
weakness of the joint be due to internal defects of welds, 
especially high porosity.*: 

While the foregoing referred to fusion welding, proper 
machining of the upset metal in flash resistance welding 


of Mild Steel (approximate values). Kautz’! 


Reverse Bending Pulsating Tension 


Nature of Specimen Psi Per Cent Psi ~ 
I. Base metal with mill scale er a 22,700 100 35,500 = 
II. Fillet weld: 
a, As-welded a: 12,800 55 12,800 4 
b, Stress relieved —— 15,000 66 12,800 ots 
¢, Junction carefully milled 20,000 87 14,200 “ 
d, Junction slightly milled, jk 
with intentional lock-up 4() 
stresses 22,000 97 14,200 
III. Butt weld: 
a, As-welded, root chipped an 
out and back welded 14,200 Go 60 
b, Stress relieved 13,500 60 21,300 
¢, Junction carefully milled 22,000 27,000 
28,500 
d, Weld machined 22,000 28,500) 
é, Junction slightly milled, goed 
with intentional lock-up an 
stresses 22,000 97 28, 500 
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boiler bottoms pipe flange 


pipe joint welded sections 


Fig. 41—-Improper and Proper Location of Welds. Welds 
Not to Be Placed at the Location of Constructional Notches. 
Thum"? 


of rail joint is essential, if 100°, of the resistance of un- 
welded rail (about 0.7% C) is to be obtained according 
to Drake,” Moore and co-workers* and Graf.* (For 
more details see section on Rails.) 

Machining and grinding are also beneficial to oxygen- 
cut plates, as shown by Graf* in pulsating tension and 
bend tests with 2 million cycles criterion, the benefit 
being as high as 80% (see section on Oxygen Cutting). 

No benefit from machining is reported by Keel'™ for 
gas-welded heat-treatable (of the duralumin type) and 
non-heat-treatable aluminum alloys. Since location of 
fracture is not stated, it is not clear whether this is due 
to the prevailing influence of internal defects in welds or 
to the deterioration of the heat-affected area. 


Welding Technique 


Practically no new information has been added to 
that already known,° with the exception of a statement 
made by Haigh and Robertson" that boiler plate butt 
welded with special care (no details) has yielded a much 
higher fatigue limit, almost 80% higher, in reversed 
direct stress than structural V butt welds made by hand 
see Table 3). According to expectation Bussmann’ 
found better results with V butt-welded plates boiler 
quality 0.59 in. thick, when reverse welded than when not 
reverse welded, the gain being about 22°, 

Position welding (vertical and overhead) is expected 
to have only 75% of the pulsating tension fatigue resist- 
ince of flat welds according to RoS and Brandenberger.*’ 
Recalling the notch effect of welded joints, Thum'” 
warns that welded joints should not be placed where a 
notch effect due to a sudden change of shape is expected, 
Fig. 41. With respect to the welding process Hackert 
and Zeyen'” found a small improvement in fatigue of 
butt-welded specimens '/, in. thick when replacing a 
bare cored electrode by coated electrode and the latter 
by a gas torch. This is ascribed to the improvement of 
the aspect of the weld, namely, less undercutting. For 
more details see section on Carbon Content. 

Weld Elements.—Tests on weld elements are intended 
primarily to separate the different factors which in- 
fluence the fatigue properties of welds. It may be stated 
that tests performed before 1937 and reported previously ° 
have thrown sufficient light on this problem. 

The tests performed afterward gave only supple- 
mentary information, but disclosed no new elements, 
as, for example, tests made by Graf* on plates rein 
forced by straps. We may further recall the tests by 
Kérber and Hempel* which are in disagreement with 
similar tests by Thum and Graf® in that the tapering of 


the leg did not improve the fatigue resistance of T joints. 

Other tests are interesting primarily on account of 
the behavior of steels other than mild steel 

In connection with this we may refer to tests by Zeyen™ 
on bead-welded specimens of low alloy (Si-Mn-Cr) steel 
and tests made by Wilson and co-workers” on specimens 
of medium carbon and low-alloy steel with studs 

The influence of the profile of reinforcement caused by 
the excess of metal in butt welds and the shape of fillet 
welds in specimens with studs was investigated by Wilson 
and co-workers.™: 

Assuming a conventional reinforcement rating (A, 
reinforcement followed by a relatively smooth concave 
surface into the base plat D, reinforcement high and 
rough and joined the base plate with a sharply re- 
entrant angle; B and C, intermediate, but always with a 
re-entrant angle), Wilson” established the following re- 
lation between reinforcement rating and fatigue rating 


ratio: fatigue specimen/fatigue average) in 7/,-in. 


thick C-steel plates 0.23-0.28% CC), Table 29 


f 


Table 29—Relation Between Fatigue Rating and Reinforce- 
ment Rating. Wilson” 


Reinforcement Rating 


\ I ¢ D 
1.09 ] OS 0.406 
1.07 1 04 O4 
1.03 1 1.02 
a 1.0] 
| OS 
1.00 
Fatigue 1 O2 OR 
rating 1.02 0.99 
0. 1.02 
] () OR 
10) 
th) 
01 
Average 1.063 1.001 1.005 0.95 


Likewise Table 30 gives the relation between bead rat 
ing and fatigue rating in specimens of carbon steel and 
low-alloy steel with welded studs 


Table 30—Bead Rating and Fatigue Strength Rating. 
Wilson’ 


jead Rating A—No undercutting, normal convex or concave bead 
with smooth, concave 7 
Bead Rating B—No undercutting, convex bead with sharp re- 
entrant angle at juncti 
Bead Rating C—Undercutting with normal concave or convex 
bead 
Bead Rating D—Undercutting, convex bead, sharp re-entrant angle 
at . 
Fatigue strength of given specimen 
Fatigue stress rating = 
} 
Average fatigue strength 


Averages 


Bead Bead Jead Bead 
Specimen Rating A Rating B Rating C Rating D 
Carbon steel, 0.23% 
1.01 49 1). 04 
Alloy steel, 0.165% 1.01 0.99 0.97 
0.209 Si, one 
1.20% Mn specimen 


Dial 
Weld 


Fig. 42—Device for Measuring 
Residual Stresses. Flack-Ton- 
nessen'* 


Specimen 
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Table 31—Heat Treatment and Nitrogen Content. en and Parker” 


Normalized Fatigue, Psi. 
Tensile Strength, Elongation, Stress Relieved, Normalized, 
Weld Psi. Per Cent in 2 In. As-Welded 1320° F. 1650° F. Air Cooled 
0.11% C, 0.27% Mn, 0.016—-0.04% Ne 61,000 22 22,800 29,700 27,500 
0.07% C, 0.25% Mn, 0.023% N2 56,000 2 23,600 22,000 23,300 


It is seen that the difference amounts to some 10% 
between the extreme values in butt welds and only to 
some 5% in the specimens with studs. 


Thermal Treatment 


The purpose of the three types of heat treatment ap- 
plied to welds, namely, (1) full annealing, (2) stress an- 
nealing, (3) quenching and tempering, was defined pre- 
viously.° The effect of the first two on the fatigue re- 
sistance was a matter of controversy and is still far from 
being clear. Nevertheless, the general belief now pre- 
vails that full annealing is, if anything, without any 
great benefit to welds. 

The third type of treatment is applied to heat-treated 
alloys with the purpose to restore their properties in the 
area affected by the heat of weld. It has been so far ap- 
plied only to Cr-Mo aircraft tubing.* 

Full Annealing.—It was stated® that full annealing is 
detrimental to welds with nitrogen content above 0.04%. 
This seems to be partly confirmed by Lea and Parker” 
who tested in reverse bending rectangular specimens of 
butt welds ground finished and tapered in such a way as 
to locate the rupture in weld. Normalizing (1650° F. 
air cooling) was detrimental to welds with 0.023% Ne 
and was beneficial to welds with 0.04% Ne (another 
analysis gave only 0.016). The welds exhibited the 
following characteristics, Table 31. 

On the other hand, annealing decreased about 18% 
the pulsating tension resistance of butt-welded plates 
boiler quality 0.59 in., and had no influence upon the 
resistance of plates 1.18 in. thick according to Bussmann’ 
with no explanation offered. Still more surprising was 
the influence of heat treatment on the pulsating tension 
fatigue resistance of longitudinal butt welds in the tests 
by Zeyen® reported previously. As seen from Table 32 
normalizing improved the resistance of machined weld 
and impaired the resistance of unmachined one. The 
author could offer no explanation for it. 

The same author® investigated the effect of different 


heat treatments and also preheating on the resistance of 
butt-welded and bead-welded (longitudinal and trans- 
verse) specimens of low-alloy steel, 0.14% C, 0.36% Si, 
1.49% Mn, 0.37% Cu, welded with weld metal containing 


0.07% C, 0.04% Si, 0.52% Mn, 0.15% Cu, 0.029% P, 
0.025% S, 0.026% Ne, 0.105% Ox, 0.0010% He. 

To secure reliable results the butt welds were smoothed 
by machining so as to remove the notch effect but still 
to leave the excess of metal. 

Table 33 shows that while butt welds were little af- 
fected by applied heat treatments, the bead-welded 
specimens were markedly improved by all heat treat- 
ments, including preheating. According to the author 
this indicates that a bead deposited on the surface de- 
velops higher residual stress than a butt weld; conse- 
quently, the removal of residual stress is likely to improve 


Table 32—Influence of Heat Treatment on the Fatigue 
Resistance of Series O. 


Fatigue Resistance, Psi. 


Weld Un- Weld 
Heat Treatment After Welding machined Machined 
Not heat treated 28,200 31,000 
Annealed, 2 hr. 600° C. (1120° F.), fur- 
nace cooled 25,600 31,000 
Normalized, '/; hr. at 900° C. (1640° F.), 
air cooled 25,000 


33,400 


the resistance of bead-welded specimens and only slightly 
influence the resistance of butt welds. Anyway, nor- 
malizing butt welds of mild steel at 900° C. (1650° F.) 
resulted in no increase of fatigue according to Haigh and 
Robertson.'”° 

Improvement of nearly 50% of the rotating bend en- 
durance limit due to annealing was found by Johnson’ 
in unmachined oxyacetylene butt-welded 18-8 Ni-Cr 
tubes 1 in. O.D., '/:s in. thick, using 18-8 filler rod. As 
seen from Table 34 heat treatment of '/, hr. at 870° C. 
(1560° F.) yielded a figure of the endurance limit almost 
equal to that of the unwelded tube, whereas heat treat 
ment at 1090° C. (2000° F.) lowered the static resistance 
and left the fatigue resistance unchanged. The reason 
for this behavior is not clear and is not explained. 

It might have been anticipated® that normalizing 
should be beneficial to welds of high carbon steel. This 
is not substantiated by the tests by Campus* who found 
a decrease of 33% in pulsation fatigue tests of resistance 
flash-welded rails (C not stated, presumably above 0.4% 
C), due to annealing ('/. hr. at 1600° F.). 


Table 33—Fatigue Strength (Psi.) of Butt Welds and Surface Deposits on Low-Alloy Steel* Using Covered Electrodes. 


Zeyen®™ 


Heated 2 Hr. at 
250° C. (482° F.), 


Welded at Room Temperature 
Heated 2 Hr. at Heated '/, Hr. at 
550° C. (1022° F.), 880° C. (1616° F.), 


Preheated to 
250° C. (482° F.) 
During Welding, 


Specimen Not Heat Treated Cooled in Furnace Cooled in Air Cooled in Air Not Heat Treated 

Butt Weld 33,400 33,600 34,200 31,300 33,400 
Longitudinal bead on one sidet 34,200 37,000 38,400 35,600 34,200 
Longitudinal bead on both sidest 35,600 37,000 35,600 32,700 ; 
Transverse bead on one side 22,800 27,000 29,200 25,600 25,600 
Transverse bead on both sides 24,200 31,300 31,300 29,900 25,600 

* Unwelded base metal had the following properties, which were little affected by the four heat treatments: yield strength = 52,000 
psi., tensile strength = 77,000 psi., reduction of area = 60%. The fatigue strength of unwelded base metal was 42,700 psi. with mill 


scale, and 50,500 psi. ground on all sides. 
of 8-in. radius to the heads of the specimen, 3.2 in. wide. 
150 psi.) in a horizontal Schenck pulsator at 25 cycles per sec. 


The unwelded specimens were 2.0 in. wide in the parallel section, which was joined by fillets 
Fatigue strengths were determined at 2 million cycles (lower tensile stress = 


t The longitudinal beads were down the center of the specimens (3.2 x 22 in.) and were 8 in. long. 
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Tensile Strength 
Heat Treatment 


As-welded 85,000 


1/, hr. at 870° C. (1560° F.). 84,000 
1/; hr. at 1090° C. (2000° F.). 81,000 


* Based on cross section of unwelded tube. 


Table 34—Rotating Bend Endurance Limit of Oxyacetylene Butt-Welded 18-8 


Welded Tube, Psi.* 


Johnson”™ 


ubes. 


Ratio of Endurance 
Limits of Welded 
to Unwelded 


Endurance Limit, 


Unwelded Tube Psi., Welded Tube 


24,000 16,000 0.67 
24,000 23,000 0.93 
16,000 


In accordance with previous tests®° Hauttmann” re- 
ported an improvement of pulsating tension resistance of 
oxygen-cut Thomas killed and non-killed plates of 75,000 
psi. tensile strength after normalizing. The benefit was 
20% for killed and 30% for non-killed steel. The bene- 
fit of 30% due to annealing (1610° F. for 1 hr.) is also 
reported by Graf." The steel had a T. S. of 61,000 psi. 

The influence of heat treatment (quenching at 1710° 
F, and tempering at 1130° F.) upon the pulsating tension 
fatigue resistance of oxyacetylene butt-welded Cr-Mo 
tubes is reported by Bollenrath and Cornelius.‘ An in- 
crease of fatigue resistance of only 12% was found. 


Low Temperature or Stress-Relieving Treatment 


There is still more controversy regarding the influence 
of stress-relieving treatment than that of full annealing. 

Lea and Parker™ found the same trend of variation in 
the rotating bend tests reported previously (see Table 31, 
section on Full Annealing) for stress relieving as for full 
annealing. The treatment was beneficial to one kind of 
weld and detrimental to another one. Both were mild 
steels with C content around 0.1% C, but presumably 
different nitrogen contents. 


Unionmelt 


Likewise, Durant and Ennis" reported a decrease of 
rotating bend resistance due to stress relieving at 1200° 
F. in welds made by Unionmelt process and containing 
0.16-0.18% C, 0.6-0.75% Mn, 0.22-0.28% Si, 0.06% 
P + S. 

As seen from Table 35, the decrease was 16° 
coincides with the decrease of static resistance. 


and 


Table 35—Decrease of ‘Fatigue Due to Heat Treatment. 
Durant and Ennis" 


Static Resistance, Rotating Beam, 


Treatment Psi Psi. 
As-welded 70,500 35,700 
Stress relieved 30,000 


63,000 


According to Bussmann’ stress annealing had the 
same influence upon pulsating tension fatigue of un- 
machined butt-welded plates boiler quality as full an- 


nealing (see section on Full Annealing), namely, 18% 
decrease of resistance for 0.59-in.-thick plate and no 
modification for 1.18-in.-thick plate. 

As seen from Table 32 (section on Full Annealing), 
Zeyen® found a decrease of fatigue due to stress anneal- 
ing in unmachined butt-welded plates of mild steel, but 
no influence on machined ones. 

Likewise, Table 33 due to the same author® shows 
little variation for butt-welded smoothed plates of a low- 
alloy steel, but a marked improvement for bead-welded 
specimens of the same base metal. Stress relieving at 
1060° F. for 2'/, hr. showed little improvement accord- 
ing to Bithler® who submitted to pulsating bending H- 
beams with wind bracing plates welded to the flanges. 
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Experiments by Thum and Erker™ reported previously 
(section on Machining) show, Figs. 38 and 39, that stress 
relieving increased about 15° the reverse bend resistance 
of fillet welds, and decreased about 8% the reverse bend 
resistance of butt welds, the base metal being low carbon 
steel with small amounts of Cr and Cu (0.09% C, 0.41% 
Mn, 0.13% Cu, 0.14% Cr On the contrary, Wilson™: © 
found /ittle or no effect of stress relieving upon the fatigue 
resistance of butt welds in and 7/,-in. carbon steel 
plates (0.15% C and 0.23-0.28% C), either machined or 
unmachined. 

Paton and co-workers* sought to disclose the influence 
of stress relieving at 1032° F., by submitting to the same 
load welded beams and trusses as-welded and stress re- 
lieved (pulsating bending and vibration). The stress- 
relieved beam broke after 313,000 cycles, the as-welded 
after 215,000 cycles, the maximum stress being 37,000 
psi. As for the trusses, the number of cycles for failure 
was still smaller, 51,300 for stress-relieved and 37,500 
for as-welded. Due to the small number of cycles both 
tests are inconclusive. 

While the foregoing points to little influence of stress- 
relieving treatment, when applied to fusion welding, 
tests rept rted by Drake™ show a marked increase of life 


due to stress relieving at 200° F. of flash-welded rail 
joints (0.7% C) under rolling load (see section on Rail 
Joints). Likewise, as reported previously® heat treat- 
ment (around 620° F.) had a beneficial effect on fatigue 


strength of spot-welded aluminum alloys”: “: “ 


alloy and aluminum-clad duralumin 


(9% Mg 


Shrinkage Stresses 

Whether or not shrinkage stresses influence the fatigue 
resistance of welds is still a matter not only of controversy 
but also of mere speculation. 

Those who believe in the influence of residual stresses 
on fatigue fail to provide convincing proofs for their 
statement. 

Those who do not believe in this influence base their 
opinion on tests in which no such influence was disclosed 
and mostly on comparison between as-welded and stress- 
relieved specimens. 

However, such tests for the most part do not indicate 
quantitatively the amount of residual stress at the start 
or what happens to the residual stresses during testing- 
Another objection may arise from the fact that other dis- 
turbing factors, such as, for example, notch effect, pre- 
vailing in the particular case considered, might over- 
shadow the influence of residual stresses. This is the 
opinion of Paton and co-workers,® and Biihler,® but this 
might not necessarily be true under other testing condi- 
tions 

Besides Siebel and Pfender, whose tests were reviewed 
previously,” Flack-T\ and Wever and Martin® 
tried to throw some light on the question of what hap- 
pens to residual stress in fatigue. Flack-Ténnessen” 
investigated the reciprocal influence of residual siresses 
and fatigue. 

The rotating bend fatigue specimens were cut from a 
0.59-in.-thick plate on one side of which a bead was de- 


mnessen* 
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Table 36—Residual Stress and Fatigue. Flack-Ténnessen"’ 
Rotating 
Beam 
Fatigue 
Residual Stress (2 X 


Stress, 10® Cri- 
Series Electrode Treatment Psi. terion), Psi. 

A High grade Undercooled —27,500 + 26,500 

B > 61,000—66,000 Preheated — 13,800 + 27,200 
psi 

High grade Undercooled —33,000 500 

55,000-61,000  Preheated — 1,800 + 26,500 
psi. 

E Low grade Undercooled —23,500 21,000 

F 61,000—63,000 psi. Preheated — 9 800 +25 400 


posited in a semicircular groove 0.39 in. wide and 0.195 
in. deep. The plate was of the St37 grade (mild steel of 
about 52,000 psi. tensile strength) and the weld, of 3 
different qualities, deposited with (1) a heavily coated 
electrode with tensile strength 61,000—66,000 psi.; (2) 
a heavily coated electrode with tensile strength 55,000 
61,000 psi.; (3) a lightly coated electrode with tensile 
strength 61,000-63,000 psi. To remove the notch effect 
the surface was machined smoothly. 

Residual stresses were measured by X-ray method on 
the surface and by mechanical method through the 
depth. The X-ray method was that of line broadening 
as devised by Regler. The mechanical method used a 
device represented in Fig. 42. The deflection caused by 
the stress relief was measured at the end of the specimen 
and plotted against the depth of the cut through the 
weld. 

This diagram was then compared to the one obtained 
by direct loading; thence the stresses could be computed 
Quite unexpectedly compressive stresses on the surface 
and tensile stresses in the interior were found by this 
procedure, the X-raying method giving only the magni- 
tude and not the sign of the stresses. A fair agreement 
between both methods was found. 

Residual stresses as high as 28,000 psi., compressive 
on the surface tensile in the interior, were induced by 
welding with intentional cooling, i.e., by dipping in 
water, whereas preheating the specimens (no details) 
left only low residual stresses (no more than 14,000 psi.), 
Figs. 43-48. 

Subjecting to fatigue (2 * 10° times) below the fa- 
tigue limit decreased to less than a third the value of the 
residual stresses in both undercooled and preheated speci 
mens, Figs. 43-48. The decrease starts with the first 
load and decreases measurably after 20 revolutions. 
Heating up to 680° C. (1250° F.) removes all the residual 
stresses according to the investigator. 

The influence of the residual stresses upon the fatigue 
is listed in Table 36. While little influence is revealed 
with the high-grade electrodes, a marked decrease in re- 
sistance is apparent when using the lightly coated rod. 
The author ascribes this to blowholes and porosity present 
in this poorer weld. 

The experiments by Wever and Martin*® were intended 
to clarify whether residual stresses are affected by ex- 
ternal alternating load. Residual stresses were created 
artificially by preloading the specimen in the pulsator 


were measured by means of X-ray diffraction method 
after preloading and after application of several millions 
of cycles. As a rule, a decrease of the maximum stresses 
induced by preloading was observed after the removal of 
alternating load. The decrease was especially marked 
(more than 50%) when the higher limit of the variah) 
range of stresses was closer to the elastic limit (pre 
sumably at 42,000 psi.). 

The authors are aware that more evidence is needed 
before making a definite statement, but in their opinion 
the tests do prove that residual stresses are reduced by 
alternating load. 

In the opinion of the reviewers this is not quite so 
evident. It indicates only that the combined effect oj 
static and alternating load has created plastic deforma 
tion and as a result lock-up stresses of opposite sign to the 
“external’”’ stresses, hence the “apparent’’ decrease oj 
residual stress. It points also to the fact that plasti 
deformation has occurred below the “computed” elasti 
limit. In view of the slenderness of the specimens and 
possible buckling during pulsating, secondary stresses 
might be the principal reason for the exceeding of th: 
elastic limit. 

Other experiments performed along these lines are less 
liable to help our understanding; they are mere stat: 
ments for the most of them. Thum and Erker state 
that local heat of torch decreased the pulsating tension 
fatigue strength of mild steel from 38,800 to 38,200 psi 
The crack started from the heat-affected area, of pr 
sumably higher tensile strength due to grain refinemen 
(no details). Therefore, they state that residual stresse: 
(no details) must have had some influence. A more con 
vincing proof is, according to these authors, provided 
by specimens with a hole, since for such specimens th« 
pulsation fatigue limit is located below the elastic limit 
as a result of the notch effect. Local heating increased 
the pulsating fatigue limit up to 31,200 psi., when con 
ducted in such a way as to create compressive residual 
stresses around the hole, and decreased this limit down to 
22,700 psi. when inducing tensile residual stresses aroun: 
the hole, the pulsating fatigue limit of the untreate: 
specimen being 25,500 psi. Since the value of the resid 
ual stresses is not stated, it is not clear what relation 
they bear to the variation of the pulsating fatigue. 

The same authors explain®™ the higher torsional fatigue 
resistance of interrupted seams (see section on Defects 
by a smaller amount of residual stresses (no details). 

In another series of tests Thum, Kaufmann and 
Schonrock® made the residual stresses responsible tor 
different behavior in pulsating tension of specimens of 
mild steel with patches of beads deposited transversely 
or longitudinally. When compared to the unwelded 
specimen, the decrease of resistance was only 25% for 
transverse bead and 42 to 60% for longitudinal beads 
A more detailed study of this problem was made by 
Kaufmann." 


Table 37—Influence of the Residual Stress on Pulsating 
Tension Limit. Criterion 2 Million Cycles. Kaufmann 


Longitudinal beads, 8 In. Long 


On Both Sides On One Sid 
and superimposing a reversed load upon the static load. Decrease Decreas' 
Plates of medium carbon steel, of the type St.60.61 Nature of Specimen Psi in ‘% Psi. in 
(tensile strength about 85,000 psi)., were used with cross specimen 4 
cect; rary: 3 9 As-welded specimen 22,300 23,Al 
section varying from about */, x 0.08 in. to 2.4x 0.1 in. Girecs relieved at 1200° F. 24.700 35.8 25,700 33 
In some specimens the preloading was given in such a Annealed at 1700° F. 25,000 35.2 26,900 30 
way as to develop bending stresses—tension on one side, Bead machined at bothends 25,000 35.2 24,700 35.8 
compression on the other side—in others, provided with of 30,800 20.5 37,000 

holes and fillets, high peak of stress was developed by pre- eS PAP any 4.8 
pe stress relieved 31,200 19.4 374,000 
loading in the vicinity of the hole or fillet. The stresses , 
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Figs. 43-48—Decrease of Residual Stress Due to Fatigue. Flack-Tonnessen™ 


To investigate the influence of residual stress, longi 
tudinal beads were deposited on one and both sides of the 
specimen (mild steel) with a heavy coated electrode. 

The residual stresses were checked by the subdivision 
method and were found to be 30,000 psi., almost at the 
elastic limit of the base metal. 

The bead-welded specimens were tested as-welded, 
stress relieved at 1200° F., annealed at 1700° F., or 
machined at ends of beads and over the whole length. 

Results summarized in Table 37 yield no satisfactory 
understanding of the influence of residual stress upon the 
fatigue. The fact that the machined-off and stress 
relieved specimen was still weaker than the unwelded 
specimen was ascribed to porosity and undercutting in 
the fusion area. On the other hand, the influence of 
residual stress upon the fatigue of fillet welds is seen by 
Kaufmann" in the following tests: 

|. Stress relieving at 1200° F. of the specimen of the 
type suggested by Schick, Fig. 1, resulted in an increase 
of pulsation fatigue limit from 15,600 to 17,600 psi. 


2. Compressive residual stresses at the fillet ends, 


due to depositing additional beads a and 3, Fig. 2, on the 
surfaces of cover plates and straps raised the fatigue 
limit up to 19,500 psi. 

Von Schwarz’ blames shrinkage stresses (no record) 
for failure of a cast-steel crankshaft, the shrinks of which 
were filled in by weld (no details 

On the contrary, Bierett found that residual stresses 
(tension or compression) (no records) due to welding are 
of secondary importance to fatigue of beams (I- and 1] 
shaped) with butt welds at the mid-section or of welded 
beams having fillet welds connecting web to flanges. 

He states, however, that brittle fillet welds might have 
given different results and that beams with constrained 
ends should have also been investigated, since such a 
constraint would develop in butt welds tensile shrinkage 
stresses instead of compressive 

Likewise, Graf’ quotes a statement by Schulz and 
Gerold according to whom compressive stresses at the 
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head and foot of rail joints are without any influence on 
fatigue. 

Whatever is the influence of working stresses upon the 
shrinkage stresses in welds, it should be borne in mind 
that low-temperature annealing “‘stress relieving’ (1200° 
F. for mild steel), when possible, is the safest method of 
reducing the residual stresses. This was already pointed 
out previously° and may again be stated on the basis of 
examination of welds by X-ray diffraction method. It 
may therefore be assumed that should the shrinkage 
stresses be the sole and prevailing factor in the behavior 
of welds, then stress annealing would undoubtedly alter 
the fatigue resistance of as-welded specimens. 

Such a condition is, however, hardly to be expected 
with ordinary as-welded specimens, since, for ex- 
ample, the decrease of intrinsic resistance through an- 
nealing, as pointed out by O'Neill and Johnson,“ may 
play an important role and offset the trend of variation. 

It is therefore not altogether surprising to find con- 
flicting statements in the literature upon the effect of 
stress annealing (see preceding section). 

This points again to the necessity of a comprehensive 
and systematic research in which the factors involved 
should be separated and studied one by one. 


Carbon Content 


In comparison to the tests reported previously° there 
is still a need for a comprehensive and systematic re- 
search on the influence of carbon content upon the fa- 
tigue of welds, especially in connection with heat treat- 
ment. 

That increase of carbon content does not increase the 
fatigue limit of as-welded and flush-machined butt welds 
to any great extent is again confirmed, but only in so far 
as fusion welding is concerned. There is indication®’: * 
that other processes, for example, electric flash welding, 
may prove more favorable. The surface preparation of 
specimens must play some role in the behavior of high 
carbon steel, as specimens with mill scale show the same 
trend of variation as butt-welded specimens. Table 38 


and diagram, Fig. 49, summarize results of several in- 
vestigators. It is seen that even with machined speci- 
mens the fatigue resistance of higher carbon steels does 
not exceed the 31,000 psi. obtained with ordinary mild 
steel. The same conclusion is reached when inspecting 
the results of reverse bending tests made by Hackert and 
Zeyen'” on butt-welded specimens '/, in. thick, Table 39, 

Likewise, the rotating bend fatigue of polished butt- 
welded specimens, Table 40, did not prove to be any 
better than that of mild steel with T. S. = 64,000 psi., 
for which a fatigue limit of as high as 42,000 psi. is 
claimed.”” However, as seen from Table 40 specimens 
cut from joints made with other welding processes may 
exhibit much higher fatigue values. 


Table 39—Reverse Bending Fatigue Tests on Butt-Welded 
Unmachined Specimens '/, In. Thick. Criterion 10 Million 
Cycles. Hackert and Zeyen'” 


Composition of welds not stated 


Reverse Bending Fatigue, Psi. 


Base Metal Welded with 


td Tensile Unwelded, Special 
Content Strength, Mill Cored Coated Gas 
in % Psi. Scale Electrode Electrode Torch 
0.11 56,800 22,800 19,800 22. 800 22,800 
0.30 80,800 28,300 19,800 21,300 28. 300 
0.38 92,000 29,800 21,300 21,300 25,500 
0.56 97,000 28,300 19,800 22,800 24,100 


0.68 119,000 31,200 19,800 22, 800 24,100 


Table 40—Rotating Bend Polished Specimens. Moore‘ 
Base metal: rail steel: 0.7-0.73% C; 0.76-0.8% Mn 
Tensile strength: 127,000—-134,000 psi. 

Endurance limit: 62,000 psi. 


Tensile Stress Fatigue Limit 
in 1000 Psi in 1000 Psi 
Welding Process Min. Max. Min. Max 
Gas weld, filler rod: 0.4-0.5% 
C, 10% Mn, 0.45% Si, 
1.0% Cr 72 105 30 35 
Thermit weld, weld metal: 
0.41% C, 0.74% Mn 100 122 29 4 
Electric flash weld 126 133 44 4 
22 139 45 62 


Gas pressure weld 22 


‘Table 38—Relation Between Carbon Content and Fatigu 


Butt welds transverse, unless otherwise stated 


Base Metal Tensile 
Yield Strength, 


Pulsating Tension Fatigue for 2 Million Cycles 
in 1000 Psi. 


Point in in 1000 Unwelded Machined Refer 
Analysis 1000 Psi. Psi. Weld Frocess Mill Scale As-welded Flush ence 
1. 0.15% C 30.9 54.5 Shielded metallic arc 30.3 22.0 27.9 65 
2. 0.23% C 35 59 
0.28% C 46 63 Arc weld, filler metal: 0.09% 31.6 22.5 28.4 64 
C, 0.51% Mn, 0.17% Si 
do reversed direct stresses 17.1 #15.1 
do from tension to tension +50 +-36.9 4+-37 .6 
as great 
3. M II Grade steel (Switz- ? 60 Arc weld (no details) as 22-28 we 49 
erland) 68 
Thomas killed steel: 45 75.1 Arc weld G. H. H. Pan elec- 41.0 22.3 or 26 
0.24% C, 0.69% Mn, trode Long. 29.3 
0.019% Nz 
4. 030% C, 023% Si, 49.8 80.7 Arc weld; filler metal as for 35.8 23.8 (23.7)* 64 
0.91% Mn No. 2 
5. High C steel ? 100 No details ~ 22.6 bint 59 
6. Rail steel 0.7-0.73% C, ? 127 Gas weld, filler rod: 0.45- 412 20 41 
0.76-0.8% Mn 1 ipa 0.5% C, 1.0% Mn, 0.45% 
Si, 1.60% Cr 
Rail steel 0.7-0.73% C, .. 127 Thermit weld, weld metal: 42 “i 24.3 41 
0.76-0.8% Mn + ine 0.41% C, 0.74% Mn 
Rail steel 0.7-0.73% C, f 127 Electric flash weld 42 as Over 33.1 41 
0.76-0.8% Mn | 134 . 
Rail steel, 0.7-0.73% C, .. 127 Gas pressure weld 42 Over 33.1 41 
0.76-0.8% Mn { 134 
* Broke in weld. 
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Table 41—Weld Metals Tested by Lohmann a 


nd Schulz” _ 


Fatigue Limit in 1000 Psi 


Electrode Base Metal Cc Si Mn Cu Cr N2 As-welded Annealed 
I. Cored Mild steel; 0.08 C, 0.45 Mn 0.03 0.01 0.36 0.15 a: 0.116 17 17 

Il Bare Same 0.03 0.08 0.22 0.79 0.25 0.123 18.4 19.8 
(II. Coated Same 0.03 0.00 0.00 0.14 i, 0.032 21.2 15.5 
y. Covered Same 0.08 0.16 0.59 0.08 0.005 19.8 21 

I Cored ) 0.04 0.03 0.48 0.17 ; 0.139 19.8 17.0 
Il. Bare $ Low-alloy steel; 0.18 C, 0.40 Si, 1.0 0.04 0.10 0.50 0.81 0.30 0.103 18.4 15.6 
IV. Coated Mn, 0.75 Cu, 0.45 Cr 0.09 0.07 0.74 0.18 a 0.006 24.0 22.5 
V. Covered } 0.10 0.12 0.68 0.13 ae 0.006 25.5 95.5 


* Rotating beam specimen, 5 million cycles criterion. 


Graf” extended to higher tensile steels his previous 
investigations® on flame-cut and planed surfaces. 

A plain carbon steel of 100,000 psi. flame cut had the 
same pulsating tension fatigue for 2 million cycles as a 
low-alloy steel of 74,000 psi., namely, 34,100 psi. 
With planed surface the higher tensile steel was, of course, 
superior. 


Nitrogen Content 


Lohmann and Schulz®” investigated the influence of 
nitrogen content upon the rotating bend fatigue of low 
carbon welds, and concluded that nitrogen content was 
not critical, Table 41. 


and plotted in the diagram, Fig. 49, seem to support this 
statement. 

That the lack of improvement in fatigue is merely a 
question of a notch effect and not of the insufficient in- 
trinsic fatigue resistance of these alloys, is again evi- 
denced by deRoy and Schoenmaker."® 

The authors compared the fatigue behavior of high- 
tensile steel to that of mild steel in unwelded and welded 
conditions. A heavily coated high-quality electrode (no 
details) was used with a tensile strength about 76,000 
psi. and 28.4% elongation. The elastic limit of the weld 
metal was the same as that of high-tensile steel, figure 
not stated but presumably around 50,000 psi. Two 
high-tensile steels were used with the following composi- 


"Table 42—Fatigue Limit in Psi. with a 5 Million Cycles Criterion of Welded and Unwelded Machined 3 Specimens. 
deRoy and Schoenmaker'” 


High-Tensile Steel A 


Test Unwelded Welded 
Rotating bending 46,200 37,600 
Flat bending 43,300 31,300 
Torsion 24,900 22,000 


* Same as unwelded, fracture outside the joint 


| 
| 


Low-Alloy, High-Tensile Steel 

It was already stated° that low-alloy high-tensile 
steels do not exhibit a better fatigue resistance than mild 
steel when the range of stresses varies from equal com- 
pression to tension, or from zero to tension. Conse- 
quently, it may be expected that for these ranges of 
stress they are not any better than ordinary C steel of 
the same tensile strength. Results of tests reported below 


High-Tensile Steel B Mild Steel 


Unwelded Welded Unwelded Welded 
43,300 35,500 28,500 
42,000 28.400 25 500 
24,200 21,300 16,300 ° 


tion: Steel A, C 0.19%, Mn 0.96%, Si 0.52%, Cr 0.35%, 
Cu 0.54%; Steel B, C 0.19%, Mn 1.41%, Si 0.30%, 
Cu 0.34%. Machined specimens, unwelded and welded, 
were subjected to rotating bending, flat bending and 
torsion. Results summarized in Table 42 indicate that 
weld metal is inferior in fatigue to the high-tensile steel 
but superior to the mild steel. 

However, if the range of stress varies from lower ten- 


Table 43—Fatigue of Low-Alloy Steels 


Unless otherwise stated, criterion 2 million cycles and butt welds transverse 


Base Metal 
Vield Tensile 


Point Strength Unwelded 


Pulsating, in 1000 Psi. 


Reversed in 1000 Psi 


Butt Weld Unwelded sjutt Weld 


in 1000_ = in 1000 Mill As- Mill As Refer 
Analysis Psi. Psi. Mach. Scale welded Mach. Mach. Scale welded Mach. ence 
0.09% C, 0.41% Mn, 32.0 52.0 24.5 17.1 24.5 73 
0.138% Cu, 0.14% Cr Reversed Bending 
0.17% C, 0.46% Si, 47-50 74-77 long. 28-30 
1.2% Mn, 0.05% Cu 
0.18% C, 0.5% Si, 1.2% Over Over 42-48 .5 24 26 
os 0.3% Cu, 0.1% 50 76 long. 28.5 
0.14% C, 0.36% Si, 52 77 50.5 42.7 23.5 33.5 68 
1.49% Mn, 0.37% Cu 
0.25-0.3% C, 06-08% 53 81.7 44 41 20 
Mn <0.35% Si, 0.4- 5 million cycles, and by increments of str« 
Cr 
V.16% C, 127% Mn, 60 83 15.0 64 
0.2% Si Reversed direct stresses 
Low-alloy high-tensile 40-54 76-86 Average 2 § 126 
steels of various com- 40.8 20.4 


positions 


Successive increments of stress after each 


million cycles 


1942 FATIGUE OF WELDED JOINTS 327-s 


Q 
ro) 
2 30 
= pulsating 
+ e 
A 
2,104 ‘reversed 
x C. steel 
low alloy steel 
austenitic steel 
T T 
50 /00 


Tensile Strength in 1000ps. 


Fig. 49-—Relation Between Tensile Strength and Fatigue Limit 
As Butt-Welded Carbon and Alloy Steels®: '. 26. 41, 49, 59, 64, 68,73, 125 


sion to a higher tension stress or, in other words, if a high 
static tension is superimposed on the fatigue tension, 
then the low-alloy steels should prove superior as a result 
of their higher yield point. For, as explained previously, ° 
at higher range of stress the utilization of steel, even 
under variable load, is limited not by its fatigue limit, 
but by its yield point. This is, of course, the very reason 
for replacing ordinary carbon steels by low-alloy steels 
in structural engineering. 

The comparison between welded carbon and low-alloy 
steels of the same tensile strength was not earried out 
systematically, in so far as their behavior in reverse and 
pulsating fatigue is concerned. 

Scattered information permits, however, to draw the 
Table 43, which is to be compared to Table 38, and like- 
wise to plot the results in Fig. 49. 

T-joints of low-alloy steel behave no better than butt 
welds when compared to the mild steel as seen from Table 
44. 

Results on fillet welds are more scanty. Thum” indi- 
cates a figure of 15,000 psi. for reversed bending (2 million 
cycles criterion) of the low-alloy steel, tensile strength 
52,000 psi. reported in Table 43. Wilson®* compares the 
behavior in reversed direct stress of plates with studs 
welded on one and both sides, made of a plain C steel 
and a low-alloy Mn steel, Table 45. 

The notch effect created by fillets is obvious for the 
low-alloy steel, and may be compared to that reported 


Table 44—Fatigue Resistance of T-Joints of High Tensile 
and Mild Steel. deRoy and Schoenmaker''’ 


Criterion 2 million cycles. Fatigue limit expressed as a stress in 
psi. that the specimen can withstand when load is oscillated 30% 
below and above its average value. 


High-Tensile Steel* 
A B 


Weld Mild Steel 
Fillet weld 14,200 12,800 17,700 
Tapered leg 28,400 24,100 27,000 


* The composition is the same as that of steels reported in Table 


Tensile Strength, Psi. 
Base Metal Weld Metal (No Details) 
Mild steel, 53,000 67 000-7 1,000 
High-tensile steel, 71,000 87,000 
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Table 45—Fatigue Tests on Specimens with Studs. Wilson": 


Average Fatigue 
Stress for 2 
Type of Specimen Million Cycles 


Nature of Steel (see Fig. 23) Psi 


Carbon steel 0.233% C, I, unwelded 22,800 
0.515% Mn, 0.016% Si, _ II, stud on one side 18,900 
0.22% Cu, Y. P. = 34,- III, studs on both 
500 psi., T. S. = 58,700 sides 13,100 
psi. 

Low-alloy steel 0.165% I, unwelded 26,400 
C, 1.22% Mn, 0.23% II, stud on one side 23,900 
Si, Y. P. = 59,100 psi., III, studs on both 
T. S. = 78,900 psi. sides 10,100 


by Zeyen”™ on bead-welded specimens tested in pulsating 
tension, Table 46, criterion 2 million cycles. 

Contrary to the tests by Wilson and co-workers 
beads present on one side only have impaired the fatigue 
more than when present on both sides. 

Thum and Erker® investigated the behavior of fillet 
welds in reversed torque (endurance limit for 10 million 


Table 46—Fatigue Tests on Bead-Welded Specimens. 


yen” 


Fatigue Limit, Psi. 


Trans- Longi- 

Composition Specimen verse tudinal 
0.14% C, 149% 
Mn, 0.36% Si, 

0.37% Cu I, unwelded $2,700 42,700 

Y.P. = 52,000 psi. II, bead on one side 22,800 34,200 

T.S. = 77,000 psi. III, bead on both sides 35,600 


24,200 


56,900 


42,700 


Tensie Srress 
w 
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Fig. 50—Fatigue Strength of Smooth, Unwelded Tubes of 8% 
Mg. Alloy Based on Fracture at 50,000 to 5 Million Cycles. 
Bollenrath and Cornelius‘ 

Average stress, psi. 
Maximum upper and lower stress during test, psi. 


Sm 


Thum and Erker’ 


Endurance, Psi. 


Shear Stress on the Throat 


Section Remarks 
+ 7100— + 10,000 Brinell hardness at root: 200 
+ 7100— + 10,000 Brinell hardness at root: 
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Table 47—Fatigue of Fillet Welds in Reverse Torque. 


; ‘Table $1—Fatigue in| Psi. of Cr-Mo Tubing. Bollenrath and Cornelius‘ 


Pulsating Tension Reversed Stress 
Composition, Unwelded As-welded Heat Treated Unwelded As-welded Heat Treated 
23% C, 0.64% Mn, 0.16% Si, 1.07% Cr, 35,600 19,200 21,400 * 17,800 #0 600 10.700 


22% Mo; T.S. = 90,000-94,000 psi 


= ther Alloy Steels 
Table 48—Pulsating Tension Fatigue of Oxygen-Cut Steel Other Alloy Steels 


in Psi. Graf* Except for Cr-Mo tubes used in aviation, there 1s 

Kind of Psi. Psi., practically no information about the behavior in fatigue 

Steel As Cut Planed Remark of other alloy steels than those previously examined. 
Mild steel 32,700 44,100 The oxygen cut or longitudi- 
Low-alloy steel 37,000 61,200 nally planed surface 


wholly in tension and Table 50—Fatigue of Torch Welded Cr-Mo Tubing. Ros” 


ng compression Ate 
. Fatigue Limit in Psi. for 1 Million 
Cycles Criterion 
P Analyses Pulsating Tension Reversed Stress 
ue cycles) and found likewise no advantage in using high 0.25% C, 0.59% Mn, 0.25% Si, 53.500 «17,800 


tensile steel. 
let Fracture occurred in welds, starting from the root. 
Their results are summarized in Table 47. 


An oxygen-cut alloy steel (0.13% C, 0.48% Cu, 0.18% 35,600 — -. 
Ni, 0.23% Cr, 0.48% Si, 1.14% Mn, tensile strength A | 
4 


1.01% Cr, 0.21% Mo 


78,500 psi.) submitted to pulsating bending exhibited 
only a slightly higher resistance than a mild steel of 65,000 
psi. tensile strength, whereas planed it proved much 28,500 


superior, according to Graf,” Table 48. 63 4 
The influence of the chemical composition of three ty 4 / 
low-alloy high-tensile steels upon the pulsating fatigue 3 th 


of butt welds made with the same electrode was investi- att y 
gated by Weiss and Hével." 

To avoid any superficial effect the specimens were 
thoroughly machined. Those broken outside the weld 14.200 
were discarded. 

Results summarized in Table 49 point to an obvious 
influence of the chemical composition of the base metal 
upon the fatigue of the weld. 

As suggested by the authors, this influence might con- 
sist in affecting the amount of gas inclusions which in 
turn might affect the fatigue resistance of the weld. 


200 21300 28,500 35,600 
m 


Table 49—Influence of Base Metal Upon the Fatigue of Weld. 
Weiss and Hivel!*! 


“7100, 


Pulsating Fatigue 
Tensile Yield Elonga- of Butt Welds, 2 
Nature of Strength, Point, tion, Million Cycles 
Base Metal Psi Psi. oA Criterion, Psi. 
0.19% C,0.32% 80,000 51,000 23 38,200 ~ 14,2007 
Si, 1.02% Mn, SY 
0.51% Cu ‘ 
0.20% C,0.43% 78,000 51,000 24.5 32,500 
Si, 1.20% Mn, 300 
0.27% Cu 
0.16% C, 0.56% 76,000 55,000 20.8 34,000 Fig. 51—Fatigue Strength of Torch-Welded Tubes of 8% Mg 
St, 1.11% Mn, Alloy Based on Fracture at 50,000 to 5 Million Cycles. Bollen- 
0.38% Cu rath and Cornelius‘ 


The characteristics of weld metal are not stated. Sm = Average stress, psi. 
S, = Maximum upper and lower stress during test, | 


Table 52—Reversed Bending of Welded Cr-Mo Tubes of Aviation. Cornelius and Bollenrath'”’ 


Tensile Stress, Psi Fatigue Stress 
Welding Process Heat Treatment Unwelded Welded Psi in %of T.S 
None As delivered 103,000 41,000 10 
Gas torch butt welded As welded 103,000 98,000 # 18,400 18.9 
Atomic hydrogen butt As welded 103,000 = 24,000 
welds 
Tubular longeron with As welded 20,000 
diag. struts gas welded 
Gas torch butt welded Cooled in air from 1530° F 118,000 118,000 : 2 
Gas torch butt welded Oil quenched at 1530° F., tempered '/, hr. at 930° F 165,000 160.000 + 22 3M) 14.1 
Gas torch butt welded Oil quenched at 1530° F., tempered '/» hr. at 1023° F 150,000 147,000 = 20,000 19.7 
Gas torch butt welded Oil quenched at 1530° F., tempered '/» hr. at 1100° F 130,000 127,000 + 
Gas torch butt welded Oil quenched at 1530° F., tempered '/» hr. at 1200° F 119,000 119,00) =8 30) BS. 
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According to RoS’® Cr-Mo tubes torch welded with an 
unalloyed steel rod (no details) exhibited the following 
resistance, Table 50. Investigating the behavior of 
torch butt-welded Cr-Mo tubes for aviation of similar 
composition Bollenrath and Cornelius* found much lower 
values with failures at junction or in welds (porosity). 
The criterion was, however, of 5 million cycles, Table 51. 

This is to be compared with previous tests made by 
the same authors.’ Instead of direct stresses reversed 
bending was applied. The tubes, 1.1 in. O.D., 0.04 in. 
wall thickness, of similar composition as above were butt 
welded by means of either gas torch or atomic hydrogen. 
In the former case a filler rod of about 0.06 in. diam. was 
used containing 0.18% C, 0.57% Mn, 0.26% Si, 0.74% 
Cr, and 0.16% Mo. 

In addition to butt welds specimens simulating tubular 
longer on with diagonal struts were also tested. Table 52 
summarizes the results obtained on unwelded, as-welded 
and heat-treated specimens, criterion 10 million cycles. 
It is seen that the higher the temperature of tempering, 
the greater the fatigue resistance. 

In another set of tests, Cornelius’ gives similar figures 
for thin walled Cr-Mo tubes (0.86 in. O.D., 0.029 in. 
thick) made of seam weld rolled strips in a special welding 
machine with several gas burners, and drawn with suc- 
cessive annealing after welding, Table 53. 


Table 53—Tests on Thin-Walled Seam-Welded Cr-Mo Tubes. 
Cornelius” 


Fatigue for 10 Million Cycles in 
Composition and Reversed Bending, Psi. 
Mechanical Properties As Manufactured Butt Welded 
0.26% C, 0.63% Mn, 0.2% Si, 37,500 + 26,500 
0.98% Cr, 0.18% Mo; Y.P. 
= 118,000 psi.; T. S. = 
124,000 psi. 


The figures are identical for butt-welded seamless 
tubes. Butt-welded unmachined Cr-Mo sheets (0.05 
in. thick) exhibited with 14,300 psi. as lower limit an 
upper fatigue limit of 31,200 psi. when arc welded, and 
33,000 psi. when gas welded according to Cornelius® 
(criterion not stated). 

With stresses above the fatigue limit, the ‘“‘lifetime” 
resistance of arc-welded specimens was greater, but re- 
sults were very scattered. The base metal had the follow- 
ing properties: 0.25% C, 0.26% Si, 0.59% Mn, 1.05% Cr, 
0.19% Mo, T. S. = 90,000 psi. An unalloyed mild 
steel filler rod was used for gas welding (no details) and 
a heavy coated special electrode, 0.065 in. diam., de- 
positing a weld metal of the following composition: 
0.1% C, 10% Mn, 0.05% Si. Due to the excess of 
metal static failure occurred outside of weld in both cases. 

The use of alloyed filler material for welding mild 
steel base metal does not warrant any appreciable in- 
crease of fatigue resistance according to tests by Zeyen*® 
reported previously (see section on Machining). This is 
also supported by tests made by Kaufmann"* who found 


Fig. 52—Upsetting of Welded Plates Under a Sealing Layer in 
Copper Clad Specimens. Richter** 


practically the same results with bare wire, heavily 
coated rod, and an electrode with austenitic core. 

Moore“ carried out a breathing test on a welded drum 
with holes through the weld and base metal. The base 
metal was a silicon steel: 0.26% C, 0.84% Mn, 0.19% 
Si, Y. P. = 43,100 psi., T. S. = 72,800 psi., and the weld 
metal deposited with a heavy coated electrode contained 
Mo: 0.09% C, 0.33% Mn, 0.04% Si, 0.2% Mo, Y. P. = 
56,000 psi., T. S. = 73,000 psi. A hydrostatic pressure 
of 580 psi. (= 21,000 psi. tensile stress on the outer fiber) 
was applied 15 times a minute for 40 days (nearly 900,000 
cycles) without any damage. According to the fore- 
going this is what should also have been expected with a 
mild steel electrode. 


Austenitic Steel 


That the decrease of fatigue resistance of welded 
alloyed steels is not due, at least not primarily, to struc- 
tural changes during welding, is evidenced by tests per- 
formed by Hoffmann and Friedrich” on austenitic Cr-Ni- 
Ta steel. The steel (no details) was butt welded with 
an electrode securing a weld metal of similar composition 
(no details). As seen from Table 54 and diagram, Fig. 
49, the decrease due to welding and the fatigue values of 
welded specimens both unmachined and flush machined 
are of the same order of magnitude as for mild steel. A 
decrease of rotating bend endurance limit of only 33% 
(24,000 psi. for unwelded specimen) was obtained by 
Johnson”’ on unmachined oxyacetylene butt-welded 18-8 
tubes 1 in. O.D., '/1 in. thick, using 18-8 filler rod, and 
the decrease was almost none after subsequent heat treat- 
ment at 870° C. (1592° F.) for '/2 hr. 

Unheat-treated flat specimens thoroughly polished 
gave according to Hruska’ an endurance limit of 
+ 68,000 psi. when unwelded, and + 50,000 psi. when butt 
welded (no details) in reversed bending (decrease 25%). 
The parent metal had the following characteristics: 
0.10% C, 0.47% Mn, 0.51% Si, 17.89% Cr, 8.94% Ni, 
T. S. = 169,950 psi., elongation in 2 in. = 21.8%, and 
fracture in welded specimens occurred mostly at junction. 

On the other hand, standard French spot-welded speci- 
mens (‘Specification for Testing the Spot Weldability,”’ 
THe WELDING JOURNAL, July 1939, pp. 428-431) of 
stainless steel, 18-8, gave about 60% of the fatigue 
strength of unwelded material according to Doussin.” 

It was also shown previously (see section on Machin- 
ing) that there was no advantage in replacing mild steel 


Table 54—Fatigue of Austenitic, Cr-Ni-Ta Steel. Hoffmann and Friedrich” 


Pulsating tension test, lower limit 2850 psi., criterion 2 million cycles. Tests specimens: cross section 2.8 in x #4/i6 in., bored 
specimen with a hole of 0.7 in. diam. 


Yield Point, Tensile Strength, Elongation %, Fatigue 

Specimen Treatment Psi. Psi. 10 Diam. Psi. % 
Base metal Rolled 48,000 110,000 ou 49,500 100 
Spec. with hole Rolled 59,000 102,000 ar 41,000 82 
Base metal Heated locally up to 1640° F. 65,000 102,000 49 42,500 85 
Base metal Quenched in water at 2300°F, 42,500 90,000 44 40,500 80 
Arc weld Bead non machined 59,000 90,000 om 24,600 47 
Arc weld Bead flush machined 48,500 99,000 So 31,000 61 
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Fig. 53—Fatigue Diagram Modified. Haigh*’ 


electrodes by austenitic electrodes in order to secure 
better fatigue resistance of mild steel. 

However, according to Hoffmann and Friedrich” 
rotating bend polished specimens of austenitic weld ma- 
terial exhibited the same endurance limit as austenitic 
base metal and this whether notched or unnotched, in air 
as well as in water. 


Non-Ferrous Metals 


There is little information on the fatigue resistance of 
non-ferrous welds, and the one available is restricted to 
aluminum and its alloys. 

Matting states (no details) that rotating beam fatigue 
strength of oxyacetylene welds in commercially pure 
aluminum, half hard, is two-thirds to three-fourths of 
that of unwelded metal, with fracture occurring in soft 
zone, 0.59-0.79 in. away of the weld. This is in fair 
agreement with figures reported previously.° 

Information on the fatigue resistance of fusion-welded 
aluminum alloys (6% Mg and 8% Mg alloys) is also sup- 
plied by Bollenrath and Cornelius.‘ Pulsating tension 
fatigue tests were made on tubes 0.95 in. I.D., 1.10 in. 
O.D., butt welded with a torch, the shoulder being 0.02 
in., composition and properties listed in Table 55. Figs. 
50 and 51 reveal the fatigue strength of unwelded and 
welded material for different cycles criterion. It is seen 
that the fatigue limit of welded. tube is very low, about 
17% of that of unwelded tubes and the latter was only 
+5000 psi. at 5 million cycles, that is, only one-fifth the 
fatigue strength of extruded bars. Though fracture 
occurred mostly in weld, the authors explain the exceed- 
ingly poor behavior of welded tubes by high notch sensi- 
tivity of the alloy itself. This was confirmed by tests 
on tubes with transverse drill holes (no details). On the 
other hand, E. F. Keel" reports the following figures 
for unwelded and welded (gas-welded) light alloys (no 
details), Table 56. 


Table 55—Fatigue Resistance on Welded Light Alloys. 
Bollenrath and Cornelius‘ 


Tensile Strength, Psi. 


Composition Unwelded Weided % 


5.96% Mg 

1.00% Zn 
0.25% Fe 50,000 
0.23% Ma | 

0.14% Si 

7.77% Mg 
1.01% Zn 
0.25% Fe 
0.24% Mn 
0.15% Si 


35,200—36,400 


54,700 27,000-—39,000 54-80 


More information is secured on the behavior in fatigue 
of Spot-welded aluminum alloys, as shown previously. 
This information is rather preliminary and of comparative 
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Table 56—Static and Fatigue Resistance of Light Alloys 
(Aluminum C F 


ewhausen). 


Keel''* 


Resistance, Psi 


Fatigue (Re 
versed) (Pre 


Designation Treatment Static sumably Bending) 
Peraluman Hard, unwelded 53,000 * 19,000 
Peraluman Hard, as-welded 31,300 * 14,000 
Peraluman Hard, weld mach. 25,600 = 14,000 
Peraluman Soft, unwelded 32,500 * 17,200 
Peraluman Soft, as-welded 31,000 + 13,300 
Peraluman Soft, weld mach. 27,500 # 13,300 
Avional D Heat treated 59,500 tt 20,000 
Avional D Annealed 38,000 + 17,200 
Avional D Stabilized* 23,500 + 11,900 
As-welded 38,500 + 17,200 
Weld mach. 44,000 + 18,600 


* Treated in such a way as to become insensitive to any further 
heat treatment. 

Note: Peraluman is an aluminum alloy not intended to heat 
treatment, hard—presumably cold drawn, soft—presumably 
annealed. Avional D is of the type of duralumin. 


value only. There is a real need for more extensive 
information on this important subject. 


Clad Metal 


The behavior of butt-welded clad mild steel was in- 
vestigated by Richter.* The base metal, a mild steel of 
grade St37, was supplied in sheets 0.39 in. thick, clad 


Richter*’ 


Table 57—Tests of Clad-Welded Specimen. 


Thickness 


Welded 


of Plating, 


Transverse Butt Weld 
Pulsating Tension Limit 


FATIGUE OF WELDED JOINTS 


Specimen Plating In. fo? 10 Million Cycles, Psi. 
Cylinder Copper 0.039 6,400 
Cylinder Remanit 0.0195 11,300 
Plate Remanit 0.039 13,000 
Cylinder Nickel 0.039 17,700 
Plate Nickel* 0.039 19,000 
Plate Nickel* 0.039 18,400 
Plate Nickel* 0.078 15,600 


* Three different makers 
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Fig. 54—Method of Computing Permissible Stresses. Hanchen** 
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with copper, nickel and stainless steel (called Remanit). 
Either two sheets were used to build a butt-welded plate, 
or one sheet was rolled into a cylinder (20 in. diam.) and 
butt welded along the generator. In both-cases the weld 
was sealed to the same thickness and with the same metal 
as the one used in clad base metal. 

The process of welding was left to the manufacturers. 
A great deal of care was taken to avoid porosity and re- 
move the upset metal both in mild steel weld and in pro- 
tecting layer. Nevertheless, copper-clad specimens re- 
vealed offsetting of metal under the sealing layers as shown 
in Fig. 52 and this had a decided influence upon the pul- 
sating tension fatigue, as disclosed by Table 57. 

It is seen that metal-clad specimens as a whole exhibit 
lower endurance limit than non-clad mild steel. The 
results were, moreover, very scattered, the less scattering 
occurring for higher endurance limit. 


Cast Steel 


The only reference to cast-steel fillet welds is the one 
made by Thum and Erker® in connection with the be- 
havior of fillet welds in reversed torque. 

The cast steel of tensile strength = 67,000 to 71,000 
psi. (composition not stated) was welded with a mild 
steel electrode (no details). 

The failure occurred in the throat of fillet; the fatigue 
limit of fillet welds was the same as with a mild steel of 
67,000 to 71,000 psi. tensile strength used as base metal. 

In addition to results reviewed previously° an en- 
durance limit of 20,000 psi. (no details) on all machined 
welds in cast steel is reported by Sampson.* 


Corrosion Fatigue 


Only two new pieces of information are available; 
the first refers to a stainless 18-8 steel, the second to a 
Al-9% Mg alloy (called Hydronalium 9). Rotating 
bend specimens of base and weld metal, both Ni-Cr-Ta 
alloys (no details), were submitted to fatigue in air and 
fresh water. The details of tests are shown in Table 12. 
While base metal has shown a decrease of fatigue due to 
corrosion of only 15%, the endurance limit of the weld 
metal, which was 33,500 psi. in air, the same as that of 
unwelded material, was decreased as much as 39% in 
water according to Hoffmann and Friedrich.” 

Reichel” submitted to vibration at natural frequency 
spot-welded spars 6'/» ft. long made of Hydronalium 9. 
The spots were spaced 0.39 in. apart. Some specimens 
were left as welded, others were heat treated after welding 
(1 hr. at 330° C. = 627° F.). 


‘m/bp = 0 62 


Table of Fatigue Tests on Spare of 
iurmm 9, Not Corroded and Corroded. Reichel’ 


Amplitude of vibration at start = 0.63 in.; at 4 million cycles the 
amplitude was increased to 0.79 in.; at 8 million cycles the amp}; 
tude was increased to 0.98 in. 

Number of Cycles 


Unheat Treated Heat Treated 


Not Corroded Corroded Not Corroded Corroded 
200,000 262,000 8,600,000 6,169,000 
350,000 216,000 9,410,000 4,817,00% 

197,000 13,744,000 4,824,000 
360,000 8,094,200 6,798,000 


The specimens were sprayed with a 3% solution oi 
NaCl for 10 min. every hour and for 134 days. No un- 
usual corrosion was detected. Then they were cleaned 
and vibrated. The results are only comparative, since 
based on number of cycles. Nevertheless, Table 58 in 
dicates a decrease of resistance of heat-treated specimens 
due to corrosion. Untreated specimens exhibited a su 
prisingly poor behavior in both corroded and non-corroded 
conditions. 

In connection with fatigue corrosion the review of 
literature on corrosion resistance of welded joints may be 
recalled,” in which tests by Stewart® and Thum and 
Ochs” are reported. Rotating cantilever fatigue speci 
mens, thoroughly polished, cut from butt-welded plates 
for the Class A-1 pressure vessels for Navy, gave at 50) 
million cycles the following results according to Stewart,” 
Table 59. 


Table 69—Corresion F atigue on Welded Boiler Steel. 
Stewart” 


Fatigue Lfmit, Psi. 
Specimen in Specimen in 


Specimen Mineral Oil* Fresh Water 
Base metal + 24,000 + 19,000 
Welded plate + 24,000 + 18,000 — =19,000 


* The mineral oil was non-corrosive; 


thus results may be com- 
pared to those in air. 


The identical behavior of weld and base metal is ob- 
vious. 

Thum and Ochs” report results by Lipp on small T- 
welded mild specimens in reversed bending. All speci- 
mens broke outside the weld, which showed no attack 
(no details). 
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Fig. 55—-Fatigue Diagram According to Smith 
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Fig. 56—Fatigue Diagram 


Fig. 57—Fatigue Diagram 
According to Pohl-Bach 


According to Weyrauch- 
Kommerell 


Different Representations of the Fatigue Diagram. Volk” 
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Table 60—Computation of Fillet Welds in T-Joints. Thum and Erker'** 


Fillet 
Ratio Rib — Weakest Section 
Less than 0.2 Throat of fillet 
Between 0.2 and 0.4 Check by calculation which is the weakest 
More than 0.4 Rib section at the junction 


Methods of Design 


A general review of methods of design as per April 
1938 is offered by E. P. S. Gardner.” 

The author reviews and discusses the existing regula- 
tions for welded constructions subjected to fatigue, 
namely : 


|. Australian Standards Association,* issued 1933. 

2. Indian Government Railway Department,’ is- 
sued 1936. 

3. AMERICAN WELDING Society—Highway and Rail- 
way Bridges (B),° issued 1936. 

4. German Highway Bridges (H. B.) DIN 4101,* 
issued 1937. 

5. German Railway Plate Girder Bridges (R. S.),° 
issued 1935. 

6. Swiss Government Regulations,° issued 1935. 


1. The Australian Standards state merely that for 
the purpose of design the calculated stresses must be in- 
creased when structures are subjected to reverse or repeti- 
tive stresses. The increase must take into account the 
types, size and positions of welds. 

2. The Indian Government Department requires that 
‘welding joints subjected to varying loads shall be pro- 
portioned to carry the sum of the max. load plus half the 
max. variation (range) of load.”’ 

3. The AMERICAN WELDING Socrety—Highway, etc., 
Specifications being already discussed in ‘‘the Review of 
Literature, January 1936,’’° the author recalls the follow- 
ing formula set forth for calculation: 


Max. — '/2 Min. > Max. 
fo 

A = required area of the member 

f =permissible stress for static loading 

Max. — Min. = load applied , 


= permissible max. unit stress fluctuating between 
zero and max. 


A= 


4 and 5. In addition to the German specifications 
already reviewed on January 1937° the author discusses 
the DIN 4101, which seem to add nothing new. 

6. Swiss Government Regulations were previously dis- 
cussed in the Review of Literature, January 1937.° 

The author points to the fact that the German Regu- 
lations (R. B.) apply to plate girder railway bridges 
only, while the American (B.) specifications cover both 
highway and railway including lattice girder bridges. 
The Swiss Regulations appear to cover both highway and 
railway bridges but not railway lattice girder bridges, 
which must receive special consideration. 

In discussing Gardner's paper Haigh” points to the 
fact that the fatigue diagram as proposed by German 
Regulation is not in agreement with the actual experi- 
mental results. This diagram predicts failure by fatigue 
if the lower and upper limits are both compression. 
Actually it appears that compressive stresses alone can- 
not cause failure by fatigue. The fatigue diagram accord- 
ing to his own experiments looks something like that, 
“ig. 53. 

Commenting the computation of stresses according 
to the German practice as outlined by Bobek,° Hanchen™ 


Reversed Fatigue Limit of the Weakest Section in Psi., for Thicknesses 


Up to 0.2 In. Between 0.2 and 0.4 In 
+ 5,000 4,250 


Above 0.4 In 
4,250-3,500 


17,000 15,600 * 13,000 


points to the fact that comparison between working 
stresses and limiting stresses must be done correctly. 

To this effect, the same way as does Bobek, he adds 
20% to the working stresses computed according to the 
German practice to account for the shrinkage and second- 
ary stresses. The value of the mean stress s,, is thus 
obtained and also the amplitude + s. of the variation. 
These are working stresses and they must now be com- 
pared to the limiting stresses, S. and *S.. S, and 
+S, are obtained as explained by Bobek by multiplying 
the corresponding fatigue stresses for high-quality butt 
weld, by three coefficients: C,, C, and Cs. These co- 
efficients take into account the shape of seam, the 
quality of welds and the notch effect associated with the 
type of joint. A fourth coefficient, Cy, is also added by 
the author to account for the importance of the joint 
in the structure (C, ranges from | to 0.9). 

If the diagram ABCDE, Fig. 54, represents the limit- 
ing stresses for different ranges (5, plotted in abscissas 
against S, = S, + S. plotted in ordinates) and Ss» 
and +s, the working stresses, then there are two ways 
for comparison: (1) by assuming sx = S,», then the 
variable working stresses +s, must be compared with 
the variable limiting stresses + S’4. This assumption is 
not satisfactory, since the limiting strésses may vary from 
tension to compression and the working stresses may not, 
as represented in the diagram. (2) By assuming sa/Sn 
= s4:S,4. This assumption is represented by the tri- 
angles 011 and 022. To obtain the limiting values the 
line 01 is extended until intersection with ABCDE. 
Comparison between 1-1 and 2-2 permits one to calculate 
the safety coefficient. This method, which according to 
the author is better fit for mechanical design than the pre- 
vious one, is illustrated in practical examples. A more 
general discussion of the same problem is offered by 
Volk.” He recalls that in fatigue the stresses oscillate 
between some lower value and some high value. Putting 
om for the mean value and o., o. for the higher, respec- 
tively, lower values, the comparison between working 
and limiting stresses may be based on one of the following 
assumptions: 

1. om/o. = const., i.e., the behavior of the piece is 
similar under working and limiting conditions. This is 
usual in mechanical engineering. 

2. The lower value of stress remains unchanged, for 
example, in bridges where the dead load due to weight is 
prevailing. 

3. The mean value remains unchanged, for example, 
in the case of resonance when only the amplitude of the 
variation is increased. 

Irrespective of the assumption, the comparison can be 
made using one of the three usual representations, Figs. 
55, 56 and 57. 

In Fig. 55 the mean value ¢,. in abscissas is plotted 
against the higher value o, in ordinates (Smith diagram), 
in Fig. 56 the higher value a, in ordinate is plotted against 
the ratio o,./o, in abscissas (diagram of Pohl-Bach) 
and in Fig. 57 the lower value o. in abscissas is plotted 
against the higher value o, in ordinates (Goodman- 
Weyrauch diagram). 

It is at once apparent that Fig. 56 is best fit for the 
assumption 1, namely, ¢o./o. = const., and Fig. 57 for 
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Fig. 58—The Effect of Static Preloading Upon the Range of 
Fatigue in Butt Welds. Kaufmann" 


the assumption 2, namely oj = const. The comparison 
is then made between the ordinates Z;, limiting stress, 
and Z., working stress (Z2 represents test values on speci- 
mens). 

As to the Fig. 55, the part 55a is drawn for the case 
om/o. = const. and comparison is made between the 
whole ordinates Z, and Z2, while the part 55B represents 
the case om = const., and in this case only the amplitudes 
AG, and A may be compared. Another point of interest 
in connection with diagrams like that of Fig. 57 is the 
fact that below the elastic limit the range of stress, that 
is, the difference between the lower and upper values of 
the limiting stress, seems to be quite independent of the 
lower limit for butt-welded mild steel. This is seen to 
be the case with tests made by Kaufmann" whose re- 
sults are plotted in Fig. 58. In other words, superim- 
posing a static load upon the variable load does not seem 
to decrease appreciably the safe range. 

On the other hand, Thum and Erker™ reviewed the 
German method of design of T-joints submitted to bend- 
ing, in which a rib is welded to a plate by means of fillet 
weld. According to DIN 4100 the section through the 
throat of fillet is the one which is used for computation. 
But it is easy to see that if the ratio: throat thickness of 
the fillet/plate thickness of the rib is increased the junc- 
tion instead of the weld would become the weakest spot. 

The authors determined experimentally the limiting 
value of this ratio for alternative bending and found it to 
be 0.2. Below this value fracture occurs in weld and 
therefore the German DIN 4100 method of computa- 
tion should be used. Above 0.2 fracture starts at the 
junction, but at this value of the ratio the notch effect 
due to stress concentration is still very high as apparent 
from stress measurement on models. The authors there- 
fore recommend a ratio of 0.4, which corresponds to a 
marked decrease of stress concentration at the junction. 
The following method of design is therefore recommended, 
Table 60. 

Comparison between Swiss and German methods of 
design for welded structures subject to a biaxial state of 


stress in fatigue is made by Bierett who discusses a paper 
by RoS* (see also reference 125). 

Ro$’s calculation is based on the assumption of con- 
stant strain energy. It is assumed that states of stress 
are equivalent, if they involve the same amount of energy 
needed for alteration of shape. This assumption permits 
to relate any biaxial state of stress to the state of pure 
tension by using a reference stress, S,. If S; and S, are 
normal stresses at 90° to each other, and T shearing 
stress of the biaxial state considered, then, if S; and S, 
are of opposite sign: 


Se = VS? Ss? 3T? 


If S, and S: are of the same sign, then the highest of the 
two following expressions is to be used: 


5S, = S? + respectively V + 37? 

For the sake of safety S, must not exceed the permis- 
sible working stress As reported previously° 
(Spraragen and Claussen, Joc. cit., p. 24), Siw varies ac- 
cording to the range of stress. If A is the absolute value 
of the lower limit and B the absolute value of the higher 
limit of this range, then 


s.(1 +03 4) 


for riveted joints and welded joints subjected to com- 
pression and 


A 
Sui = s.(1 + 0.4 4) 
for welded joints subjected to tension and shear. S, 
appears to be the pulsation stress (A = 0), its value is 
taken equal to 1400 kg./cm.? (=20,000 psi.) for struc- 
tural building and 1200 kg./em.? (=,17,000 psi.) for 
bridges. 

The calculation of welding joints involves three reduc- 
ing coéfficients determined experimentally: a@ (a; for 
transverse weld, a2 for longitudinal weld) to account for 
the nature of weld and 8 and y to account for the inhomo- 
geneity of stress distribution in the biaxial state. 

With this in mind, if S; is the longitudinal and S, the 
transverse stress acting upon the welded joint in a biaxial 
state of stress, then in order to obtain the reference 
stress S, < S.w, the stresses S,, S, and T must be in- 
creased according to the formulas: 


S, = + respectively + 
ay ae 


if S,; and S, have the same sign; or, if they are of oppo- 
site sign, 


2 2 
ai ae a\ae 
Table 61 gives the values of aia2, 8 and y for different 
joints. It is seen that the calculation involves also a 
separate determination of the fatigue of the junction. 
Table 62 gives a comparison between German and 


Swiss methods of computing stresses in longitudinal fillet 
welds connecting flange to web in a welded girder. The 


Table 61—Values of Reducing Coemaieats a, a, 8, and y to Be Used in the Formulas of Biaxial State of Stress (Swiss 


Regulation). Bierett® and Ros'** 
Fillet Welds 
Direction of Butt Welds Weld Metal Junction 
Weld Tensile Compression Tensile Compression Tensile Compression 
Transv. weld, a 0.7 1.0 0.35 0.5 0.6 0.9 
Long. weld, a: 0.85 1.0 0.85 1.0 0.85 1.0 
B 0.5 0.25 0.33 
¥ 3 6 3.5 
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Table 62—Calculation of Flange to Web Weld in a Bridge Girder Subjected to Pulsation Stress and a Variable Amount 
of Shearing, German and Swiss Practice. 


Permiss. 
Formula Stress, 
S; = Pai. 0.0 


Germany (butt and 
fillet welds) 
Switzerland: 


S. 
= + 22,500 (100) * 


) +3T? 17,000 
0.85 
— 
+6T? 17,000 85 


1. Butt weld 


2. Fillet weld 


* Given by the line 4, Fig. 16, p. 24, Welding Research Supplement, January 1937. 


+ Practically limited by the line 1, Jbid. 


permissible stresses appear to be higher in German speci- 
fications which according to Bierett is due to the fact 
that more emphasis is placed on the inspection and super- 
vison during execution. 

Jones*®® reports a method of expressing the endurance 
limit which has been adopted by the AMERICAN WELDING 
Society and which is similar to the German method, the 
so-called gamma method. This method has also been 
adopted by Committee F of the Welding Research Com- 
mittee and explained in the second part of its Report 
No. 2. To this end a simplified Goodman diagram is 
used, Fig. 59. This diagram requires the knowledge of 
S_1, So and S, reverse, pulsating and static stresses. 
Then stresses for any other range are calculated (see 
dotted line) easily: 


o— 

where ¢ is the slope of the line ABC. If ‘““Max.”’ is the 

max. load, “‘max’’ the maximum permissible unit stress, 


and “Min.” the min. load then the required cross sec- 
tion, A: 


“max.” = Sp) + min.” = So + “min.” 


**Max.”’ ““Max.”’ 
A “max ” “Min 
So + A 
hence 
A= — Min. but not less than 


max. stress 


45° 


min. stress 


Fig. 59—Expressing Endurance Limit. Jones™ 
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Bierett® 
Permissible Longitudinal Stress 
S2/Su, % 5S: in 1000 Psi. 
T/S: = T/S: = 
0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 O.8 1.0 
(96)t S88 78 69 62 20 20 19.4 17 15 13.5 
31 74 64 55 48 14.5 13.6 12.5 10.9 9.3 8.2 
78 65 53 44 37 14.5 13.0 11.0 9.0 7.8 6.2 
30 
x x 
2s ~ 
J vO 
20 1 1 
« 
4 
15 = a 
-15 -10 -5 ° 5 10 15 20 25 30 
Compression Tension 


DEAD-LOAD STRESS: TONS PER SQUARE INCH 
@-- Turned mild-stee! specimens 
@® - Rolled -steel joists and some welds 
Q.--Rolied -stee! joists with holes in the tension-Nange 
()---Rather indiflerent welds 
©--Butt-welded joists examination of which alter fracture showed obvious defects 


Fig. 60—Safe Ranges of Stress for Variable Minimum Stress. 
Lea and Whitman® 


The manner of calculation is thus independent of the 
change that ¢ and S) might undergo in the future. In 
England Lea and Whitman® have devised an approxi- 
mate but comprehensive method of design of welded 
girders. The authors draw a diagram in which the dead 
load stress is plotted in abscissas and the range of stresses 
in ordinates, Fig. 60. 

If S; and S are the static ultimate stresses of weld and 
plain girder, and OA, OB, etc., the safe range of stress 
corresponding to a dead load equal to zero, then the straight 
lines SA, SB, etc., give the approximate safe range of 
stress corresponding to any value of dead load from com- 
pression (— 15 tons/sq. in.) to the static ultimate stress. 
For practical purpose the portion between O and D 
only may be used (for this portion the difference between 
ultimate stresses as given by S and 5S, is negligible). 
For a given dead load O, and repeated loading ab dif- 
ferent factors of safety will be obtained according to the 
type of joints used; for example, ac/ab for butt-welded 
joints with defects, ae/ab for rolled steel joists, etc. 


Repeated Impact 


The only information is supplied by Roessler.“ Re- 
peated impact strengths of milled, planed and oxyace- 
tylene cut bars 0.39 in. square of four carbon steels (no 
details) were about equal, but since the tests did not ex- 
tend beyond 17,000 blows it is questionable whether 
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Fig. 61—Machine for Rolling-Load Tests. Moore‘! 


these results bear any relation to the fatigue resistance 
whatsoever. 


Rail Joints 


Experience has shown that drop tests of welded joints, 
still in use for testing rails, do not secure reliable correla- 
tion with service conditions. The tendency was, there- 
fore, to get a closer correlation by choosing a more ap- 
propriate method of testing. This was sought first in 
the pulsating bend test and second in the rolling load test. 

Neither of these tests duplicates exactly service condi- 
tions, though both of them submit the joint to a cyclic 
stress variation much the same as it happens under a 
wheel load. 

Pulsating bending tests are mostly performed with 


Table 63—Composition and 


Flat Bottom Rail 
Carbon content, % 


Head 0.68 

Foot 0.74 

Web 0.67 
Silicon content, % 

Head 0.26 

Foot 0.27 

Web 0.28 
Manganese content, % 

Head 0.90 

Foot 0.92 

Web 0.89 
Chromium content, % 

Head 0.06 

Foot 0.06 

Web 0.06 
Copper, % 0.12-0.14 
Nickel, % 0.04 
Phosphorus, % 0.027 
Sulphur, % 0.018 
Height, in. 5.17 
Width of head, in. 2.76 
Width of foot, in. 5.00 
Thickness of web, in. 0.56-0.58 
Weight per yard, Ib. 100 
Cross-sectional area, sq. in. 9.8 
Moment of inertia, in.‘ 41 
Yield strength, psi. 

Head 7,000 

Foot 84,500 
Tensile strength, psi. 

Head 123,000 

Foot 125,000 
Elongation, % in 5 in. 

Head 12 

Foot 15 
Reduction of area, % 

Head 21 

Foot 25 


Tensile specimens were 0.39 in. thick, 1.0 in. wide. 
* At thinnest section 


foot in tension ;* this locates the crack at foot. However. 
tests have also been made with head in tension. 

The rolling load fatigue tests submit the head to ten 
sion. It was devised by Moore and co-workers." As 
shown in Fig. 61, the welded joint, specimen S, is pulled 
backward and forward under a wheel, W, the load on 
which can be varied from zero to 75,000 Ib. The maxi 
mum bending moment on the specimen is equal to the 
load on the wheel times x, the distance of the overhang 
of the specimen beyond the center line of the weld. Thy 
stroke of the machine is 12 in., the speed 60 strokes/min. 

The particular feature of this test is that while the 
shearing stress in the weld remains approximately con 
stant throughout 10 in. of the 12-in. stroke, maximum 
flexural stress occurs when the wheel is 10 in. from the 
weld, and maximum wheel load when the wheel is 
directly over the joint and the flexural stress therefore 
zero. 


Results 


A report on are-welded joints is being made by Csillery 
and Peter’ who investigated the behavior of butt-welded 
rails under pulsating load of 20 tons applied in the middle 
of a span, 26 in. wide. The specimens withstood this 
load 4.3 to 6.6 million times without failure; this was 
believed to be satisfactory since the service load on the 
rail is only of 10 tons. 

Graf®® determined the pulsating bending fatigue (2 
million cycles criterion) of oxyacetylene and bolted rail 
joints. Composition and dimensions of rails are sum 


* Since parts submitted to tension are, as a rule, the weakest spot in fatigue * 


Dimensions of Rails. Graf” 


GHH, GMW, « GMW, 
Flat Bottom Rail Grooved Rail Special Profile Rail 

0.51 

0.51 0.15 

0.51 0.15 

0.23 0.25 

0.22 0.2 

0.22 0.24 

0.86 0.66 

0.87 0.55 

0.87 0.55 

0 0.00 

0 0.03 

0 0.03 

0.12-0.13 0.21 

0 0.05 

0.029 

0.037 
5.17 4.5 
2.76 4.54 2.14 
4.95 3.53 

0.55-0. 58* 0.49-0. 50 0.47-0.50 

100 59 
9.7 12.4 5.7 
43 86 15.6 
71,000 95,000 

65,000 46,800 
105,000 162,000 
103,000 66,000 

16 10 

18 28 

30 9 

33 57 
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Fig. 62 (a)—-Method of Welding Plain Rails. Graf*’ 


Diameter of Number 


4.9" 


Sequence Rod,In. of Layers Type of Weld Remarks 
Foot 0.16 and 0.20 2* Horizontalfrom Two welders at 
above once 
Wet 0.16 2 Vertical Two welders at 
once 
Head 0.24 Horizontal from One welder as 
above sisted by pre 
heater each 


layer peened 
*The root was reverse welded and sometimes peened. Rod 
GV3 (high-grade low carbon steel) was used except for the upper 


3/, in. of the head which required rod GA3 (high-carbon steel). 


Fig. 62 (b)—-Butt-Welded Rail with Side Plates. Graf? 


0.12" >< SLOPE 


Fig. 63—Method of Welding Grooved Rails. Graf’ 
Diameter of Number 


Sequence Rod, In. of Layers Type of Weld Remarks 
Foot 0.16 and 0.20 2* #£Horizontalfrom Two welders at 
above once 
Web 0.16 2 Vertical Two welders at 
once 
Guard lip 0.20 From above One welder 
Head 0.24 Horizontal from One welder, as- 
above sisted by pre- 
heater; each 
layer peened 


* The root was reverse welded and sometimes peened. Rod 
GV3 was used except for the upper '/; in. of the head for which 
rod GA3 was used. 


marized in Table 63. The weld was performed by a com- 
mercial firm according to the best practice, Figs. 62 (a) 
and 63. The butt weld of the head was transverse or 
diagonal. The web and foot were transverse butt welded; 
the foot was also tested with side plates, Fig. 62 (d). 
It may be seen from Tables 64-67 that welded joints 
attained in some cases as much as 70 to 80% of the 
fatigue limit of unwelded rail, while bolted or combina- 
tion of bolted and butt-welded joints gave very low fig- 
ures. In addition to these tests, Graf*’ reports new re- 
sults on welded rail joints. While unwelded rails (high C 
steel), head either in compression or in tension, gave 
fatigue pulsation figures, for 2 million cycles criterion, 
comprised between 34,000 and 60,000 psi., joints butt 
welded by means of a gas torch could reach a fatigue 
value of only 27,000 psi. regardless of whether the head 
was welded transversally or at 45° to the axis of rail. 
Compared to this fatigue value flash welds behave better. 
A figure of 37,500 psi. could be obtained when the upset 
metal was machined off the head and 41,300 psi. when 
the upset was entirely removed. In other words, flash 
welds may secure the full fatigue resistance of unwelded 
rail. 

Equally high fatigue resistance about 80° of unwelded 
rail was found by Campus* with unheat-treated flash- 
welded rail joints. Composition and characteristics 
were not stated, but judging from figures given for the 
proportional limit, the quality of rail must have been 
similar to that of one of the rails tested by Graf.” 

The figures quoted by RoS’® (no details) are in fair 
agreement with the results of tests performed by Graf.*° 
(See Table 68.) 

Rolling load tests performed by Moore and co-workers" 
gave less favorable results. . 

The specimens were 104- and 112-lb. rails unwelded, 
with joint bars, and joints welded by five different proc- 
esses: 

A and B, gas fusion welding 

C, thermit welding 

D, electric flash welding 

E, gas pressure welding 
In every process some heat treatment after welding seems 
to have taken place. 

Composition and mechanical properties are listed in 
Table 38, and are similar to those of rails tested by Graf, 
Table 63. It is seen from Tables 64 and 69 that when 
submitted to rolling load test, unwelded specimens gave 
the same maximum flexural stress at endurance limit as 


Table 64—Fatigue Tests of Rail K. Graf” 


Fatigue Location of Failure 
Strength, in Fractured 
Type of Specimen Psi. Specimens 
Rail without joint 45,500 Within */, in. of load 
Butt weld directly under load 26,300 In weld 


Butt weld 2 in. to one side of load 25,600 In weld or near load 

Diagonal (45°) butt weld di- 24,200 In weld or '/, to 2'/, 
rectly under load in. from load 

Butt weld with side plates (St42) 37,000 In butt weld or 9 in 
directly under load from load 

Butt weld with side plates (St60) Lessthan 7 to 9 in. from load 


directly under load 34,100 
Bolted joint 0.39 in. from load 10,700 In bolt plates 
Combined bolted and butt- 17,100 In bolt plates 


welded joint; butt weld di- 

rectly under load 

Brinell hardness of rail on running surface = 230-270 

Brinell hardness of weld on running surface = 230-300. 

S$t42 = plain carbon steel with minimum tensile strength of 
60,000 psi. 

St60 = plain carbon steel with minimum tensile strength of 
85,000 psi 
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Table 65—Fatigue Tests of Rail GHH. Graf” 


Fatigue Location of Failure 
Strength, in Fractured 
Type of Specimen Psi. Specimens 
Rail without joint; foot in ten- 59,800 Within'/, in. of load 
sion 
Butt weld directly under load; 26,300 In weld at junction 


foot in tension of foot with web 
Butt weld directly under load; Lessthan At defect in root of 


head in tension 27,000 weld in head 

Butt weld with side plates di- 42,700 In weld joining side 
rectly under load; head in plate to foot of rail 
tension 

Diagonal (45°) butt weld di- 26,300 At defects in weld at 


rectly under load; foot in ten- junction of foot 
sion with web 

Brinell hardness of rail = 202-216. 

Brinell hardness of weld metal = 246-250. 


when submitted to a pulsating tension, whereas the gas 
fusion welds prove much inferior. Thermit joints 
reached a figure comparable to that of welded joints 
tested by Graf.*° 

Flash-welded and gas-pressure welded joints were, 
however, the best ones and almost as good as the flash- 
welded joints tested by Campus.’ As a conclusion it may 
be said that high fatigue values of welded rail joints have 
been reached by either of the processes used and that 
welded joints can be made that would prove superior to 
bolted or any combination of bolted and welded joints, 
provided necessary care is taken in the execution. 

With respect to flash welding this care refers also to a 
proper heat treatment after welding and removal of the 
upset metal, as was clearly shown by Drake™ and Moore 
and co-workers.“ Since the heat treatment consists in 
heating the welded joint for 3 min. at 1250° F. and sub- 
sequent slow cooling, it may be anticipated that the 
benefit is due to removal of shrinkage stresses. This 
being so, the decrease of fatigue resistance of flash- 
welded joints observed by Campus’ after heat treatment 
(presumably for 50 min. at 1780° F.) is not clear and 
needs further explanation. 


Creep 


Information on creep properties of welded specimens 
at high temperature is rather scarce and mostly of com- 
parative value. 

Ward® made comparative tests at temperatures 500— 
900° F. on unwelded and arc-welded specimens of low 
carbon steel (composition = 0.15% C, 0.37% Mn, 
P +S = 0.065%). 

The material was cold drawn. The welding was per- 
formed with a.c. and flux-coated electrodes (composition 
of deposit and weld conditions not stated). 

To remove the influence of uncontrolled factors (re- 


Table 66—Fatigue Tests = a Grooved Rail GMW. 
a 


Fatigue 
Strength, 
Type of Specimen Psi. 
Rail without joint 34,100 
Butt weld directly under load 27,000 


25,600 
rectly under load parts of the weld 
Bolted joint, gap between ends 14,900 Behind smaller bolt 
of rails = 0.016 to 0.071 in. plate 
Brinell hardness of rail on running surface = 297-317. 
Brinell hardness of foot of rail = 143-148. 
Brinell hardness of weld on running surface = 255-288. 


Location of Failure 
in Fractured 
Specimens 
Within 2 in. of load 
In tension zone of 

weld 


Diagonal (45°) butt weld di- Mainly in defective 
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sidual stresses) both unwelded and welded specimens 
were subjected to an annealing at 1200° F. 

For design data the author has tested not the weld 
metal alone but welded specimens. Unwelded and 
welded specimens were simultaneously subjected to the 
same load and maintained continuously at the following 
temperatures: 500°, 700° and 900° F. The temperature 
was increased by steps after each period in excess of 100- 
hr. duration. 

It is seen from Table 70 that unwelded specimens were 
inferior to the welded ones and this is in agreement with 
previous experiments by the author on gas-welded speci- 
mens, reviewed previously.° 

According to the author, the poor behavior of un- 
welded steel above 800° F. is due to the recrystallization 
process taking place in the unwelded specimens but not 
in the welded ones. 

Either welded or unwelded mild steel is not recom- 
mended for service above 500° F. Low alloy C-Mn-Si 
steels are used instead, and this up to some 840° F.™ 


Table 67—Fatigue Tests on Special Profile Duplex Rail GMW. 


Graf” 
Fatigue Location of Failure 
Strength, in Fractured 
Type of Specimen Psi. Specimens 
Rail without joint 48,400 


Butt weld directly under load About 21,400 


Brinell hardness of rail = 286-296. 
Brinell hardness of weld = 302. 


Curve 1. P electrode all-weld-metal. Creep rate > 1 x 10-* inch 


inch per hour after 20 days, 


Curve 2. TP electrode all-weld-metal. Creep rate > 1 x 10° inch; 


inch per hour after 20 days. 
Curve 3. 0:17 per cent carbon steel ; limiting creep stress (Tapeell 


Curve 4. RB steel for superheater mbes. Creep rate 2 x inchw 


inch per hour. 


Curve 5. Steel (18 per cent chromium; 8 per cent nickel; 1 per cat 


tungsten). Creep rate <5 x 10~-’ inch per inch per hour. 
Curve 6. RK steel tensile strength (quick test). 
Curve 7. P electrode all-weld-metal tensile strength (quick test). 


Curve 8. 0-17 per cent carbon steel tensile strength (quick test) (Tapeel 


88,000 


66,000 


44,000 


Stress in |b/in® 


22,000 


SS 


O 212 392 572 752 932 


Temperature - Deg.F 


Fig. 64—Maximum and Limiting Creep Stress Curves. 
Lea and Parker” 
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Table 68—Pulsating Bend Fatigue Criterion) Not Stated, 
Presumably 1 Million Cycles.) Ros” 


Head in Compression, Span = 4 ft. 
Unwelded rail (no details) = 49,500 psi. 
Electric resistance butt weld = 37,000-40,000 psi. 
Thermit butt weld = 28,000 psi. 
Are butt-welded joint with a cover plate at 
foot 25,600 psi. 


22,800—25,600 psi. 
22,800-25,600 psi. 


Arc butt-welded joint 
Gas butt-welded joint 


With the purpose of selecting an appropriate electrode 
for this range of temperature, creep tests were made at 
the Testing Materials Laboratory, University of Brus- 
sels® on all-weld-metal. 

The adopted criterion was the stress corresponding 
to a creep of 0.5%, or 1.0%, or 1.5% per 1000 hr., be- 
tween the twenty-fifth and thirty-fifth hours of duration 
of tests (German Specfiications). 


Table 70—Creep Characteristics of Welded and Unwelded 
Mild Steel (0.15% C, 0.37% Mn, 0.065% P+S). Ward 


Creep rate: 1% per 100 hrs. Tensile strength in Psi 
Temperature, ° F. 

Material 500 700 900 
Unwelded 9,000 7,000 7,000 
Arc welded 19,000 11,000 9,800 
Gas welded (14,400 at 550°) 10,400 8,000 


The whole duration of tests extended over 300 and 
500 hr. The temperatures of tests were: 840° F. (450° 
C.) for electrode No. 1 (commercial designation Arcos- 
Stabilend), 840° and 930° F. (500° C.) for electrode No. 2 
(commercial designation Arcos-Superend). 


Table 72—Creep Limits of Welds. University of Brussels"? 


Electrode. ......... 1 2 
Temperature, ° F....... 840 840 930 
Average Creep Velocity 
Between 25th and 35th 


Hour of Duration of Test Creep Limit in Psi. 


1.5% per 1000 hr. 19,700 21,200 13,000 
1.0% per 1000 hr. 18,500 19,900 12,000 
16,100 17,000 9,350 


0.5% per 1000 hr. 


The all-weld-metal, deposited in several beads by 
means of 0.16-in. electrode, was normalized after welding 
(*/s hr. at 1700° F., cooled at the rate of 4° F. per min.) 
and exhibited the characteristics given in Table 71. The 
creep was measured by means of specially devised Mar- 
tens extensometers attached to the shoulders of the speci- 
men. The temperature was kept constant to within 
+1° C. (+1.8° F.) over a length of 100 mm. (4 in.). 

Table 72 summarizes the results obtained. Table 73 
gives a comparison between creep characteristics of the 
two tested electrodes and some low C-Mn-Si alloys in- 
tended for high-temperature service and tested at the 
Testing Materials Laboratory, University of Brussels. 
It appears that the weld metal is not inferior to the se- 
lected steels. 

In connection with these results it seems worth while 
to recall tests by Lea and Parker” reviewed previously.° 

Figure 64 summarizes the results of these tests together 
with information on creep characteristics of steel used for 
superheater. It is seen that figures for weld metal, if 
interpolated between a creep of 1% per 1000 hr. and 1% 
per 10,000 hr., that is to say, between the curves | and 2, 
are in good agreement with those segured in Table 72, 
but, if a creep of only 1% per 50,000 hr. is permitted, 
curve 4, the welds are no longer satisfactory. 


Table 69—Endurance Limits for 2 Million Cycles of Rolling Wheel Load for Welded Rail Specimens, Rail Specimens _ 


During test head of rail subjected to cycles of tensile stress varying from zero to a maximum at endurance limit 


Rolling-Load 


Wheel Maximum Maximum Maximum Strength, 
Load, Moment, Flexural Shearing Ratio: 
Type of Joint Lb. In.-Lb. Stress, Psi. Stress, Psi. Per Cent Remarks 
Joints with 112-Lb. Rails 
Rail without weld 63,000 756,000 42,000 25,600 100 Based on bending moment 
Rail with joint bar 41,700 510,000 <x ae 66 Based on bending moment 
Gas fusion weld—Process A 36,000 360,000 20,000 11,700 51 Based on wheel load; failed by 
: internal fissure 
Thermit weld—Process C 44,000 440,000 24,300 14,400 58 Based on bending moment 
Gas pressure weld—Process E 55,000 550,000 30,600 17,900 73 Based on bending moment 
Joints with 131-Lb. Rails 
Rail without weld 79,000f 948,000f 42,000t 24,200 100 Based on bending moment 
Rail with joint bar 60,400 725,000 ce ate 76 Based on bending moment 
Gas fusion weld—Process B 20,000 200,000 8,800 6,100 25 Based on wheel load; failed 
; by internal fissure 
Thermit weld—Process C 55,000 550,000 24,400 17,000 70 Based on shearing stress; web 
failure 
Electric pressure weld—Pro- More than More than More than More than Morethan Based on bending moment 
cess D 75,000 750,000 33,100 19,500 77 
Gas pressure weld—Process E More than More than More than More than Morethan Based on bending moment 
75,000 750,000 33,100 19,500 


* Ratio of (endurance limit for specimen) to (endurance limit for rail without weld). 
t Flexural stress in joint bars not computed; joint bars and rails made of different strength steel. 


t Estimated on the assumption that 131-Ib. rail will develop as high flexural stress at endurance limit as 112-Ib. rail. 


which can be applied to machine, 75,000 Ib. 


Maximum load 


Table 71—Characteristics of Weld Metal. University of Brussels** 


Yield Point, Tensile Elongation %, 
Electrode es ‘ Mn Si Ss P Psi. Strength, Psi. 10 Diam 
1 0.14 0.51 0.05 0.0 0.02 40,500 63,000 30.4 
2 0.10 0.92 0.03 0.02 0.02 46,000 64,000 26.8 
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‘Table 73—Comparison Between Creep of Welds and Low-Alloy Steels Tested at the University of Brussels* 


Mec. Character, in Psi. Creep Limit of 1% per 1 (0) 


Composition’ Treatment Tensile Hr. in Psi. at 
Material Cc Mn Si mF Cooled Vield Point Strength 840° F. 930° F 
Steel 0.09 0.49 0.11 1640 Air 39,500 55,000 12,100 3,850 
0.15 0.75 0.20 1640 Furnace 43,000 61,500 13,500 10,100 
0.22 0.78 0.21 1640 Furnace 39,500 69,000 18,400 12,200 
0.25 1.33 0.16 1640 Furnace 49,500 78,000 18,200 13,100 

Electrode 

l 0.14 0.51 0.05 1700 Furnace 40,500 63,000 16,100 -e 

2 0.10 0.92 0.03 1700 Furnace 46,000 64,000 17,000 9,350 


This points to the fact that the relative merit or un- 
merit of weld metal with respect to creep can only be 
established when the limiting creep rate is indicated. 
However, there is still little agreement as to the value of 
the limiting creep rate. 

Whatever it is, C-Mo steels are widely used for service 
at temperature of 850° F., and experiments reported by 
Stewart” seem to indicate that properly selected weld 
metal (0.08% C, 0.6% Mn, 0.14% Si, 0.32% Mo) and 
properly heat-treated welds (stress relieved 4 hr. at 1200° 
F.) secure a better creep resistance than the base metal 
itself. . 

Since these experiments were already reviewed in con- 
nection with welding molybdenum steel,” it suffices to 
recall the results, Table 74. The influence of an addition 


Table 74—Results of Creep Tests on C-Mo Steel and Weld. 


Stewart” 
Specimen C-Mo cast steel Total Creep in % at 1000 Hr. for a 
(0.31% C, 0.56% Mn, Stress of 
0.25% Si, 0.49% Mo) 20,000 Psi. 25,000 Psi. 
Unwelded 0.03 0.13 
Welded <0.05 0.05 


of molybdenum in weld metal on the creep behavior of 
butt-welded molybdenum tubes might also be recalled, 
Table 75, in connection with tests by Detroit Edison 
Company and University of Michigan® reviewed pre- 
viously.** Results are only of comparative value, since 
the creep limit itself was not recorded, but time elapsed 
before fracture under constant load and at 500° C. 
(932° F.). From this tensile stress for designated frac- 
ture time was computed, Table 76. Assuming that the 
material possessing the greater stress for a given fracture 
time will also exhibit a greater creep resistance, it will be 
seen that weld A is inferior to welds B and C, which 
but for the Mo content have a composition similar to 
that of weld A. 

The influence of heat treatment on the creep charac- 
teristics of butt-welded Cr-Mo specimens cut from arc- 
welded pipes (8°/s in. O.D., 0.83 to 0.87-in. wall) was 
investigated by Siebel and Wellinger.™ 

The steel contained 0.12% C, 0.8% Cr, 0.4% Mo and 
the weld (composition not stated) extended 0.2 in. above 
the surface of the pipe. The test was made at 500° C. 


(932° F. + 2°) and time to fracture as well as elongation 
were recorded under constant load. 

It was found that heat treatment after welding, 30 
min. at 900-930° C. (1652-1706° F.) cooled in air, re- 
heated to 650° C. (1200° F.) for 30 min. and again 
cooled in air, increased both elongation and time to 
fracture, and shifted the location of fracture from the 
weld to the heat-affected area, even if the heat-treated 
specimen was machined. Since hardness test revealed 
no difference between as-welded and heat-treated welds, 
the beneficial effect of the heat treatment is ascribed to 
the removal of residual stresses. 

In connection with this, the slightly adverse effect of 
a prolonged heating at 500° C. (932° F.) might be re 
called on the behavior of butt welds in steels containing 
0.11-0.14% C, 0.16-0.24% Si, 0.47-0.59% Mn, 0.18 
0.19% Cu and 0.35-0.48% Mo, when using a filler rod 
18 Cr-8 Ni, or 25 Cr-20 Ni, or low-alloyed with fractional! 
percentages of Mn or Mo (tests by Schottky and Rutt 
reviewed previously”). 

Short-time creep tests (50 hr.) at 500° C. (932° F.) 
disclosed in nearly every case higher resistance of the 
welded over the unwelded specimens. Heating '/» hr. 
at 1652-1706° F. had no effect, whereas heating 500 hr. 
at 932° F. lowered somewhat the short-time creep 
strength below that of base metal. 

According to the authors poor penetration also resulted 
in low short-time creep strength for welds. 


Boilers 


Breathing tests were carried out by Moore*® on a 
welded drum provided with holes drilled through the 
weld and base metal. Tubes were expanded into the 
holes by rolling. Characteristics: Table 77. Heavy 
coated electrodes were used and weld was of U-shape. 
Hydrostatic pressure of 580 psi. (21,000 psi. tensile 
stress in fibers) was applied 15 times a minute for 40 
days. There were no cracks in weld. Similar breathing 
tests were carried out by Bussmann’ who submitted 
butt-welded vessels 0.14-in. wall thickness to an interna! 
pressure pulsating from 0 to 6 atmospheres. This corre- 
sponded to a computed pulsation stress of 5.6 kg./sq. 1m. 
(8000 psi.). Since fatigue limit of faultless welds would 
amount at least to some 17,000 psi., failure had not to be 
expected after 350,000 cycles, at which value the tests 
were discontinued; and this was actually the case. 


; ‘Table 75—Materials Used by Detroit Edison Company and University of Michigan®* 


Weld Made with Electrodes — 
B 


A Cc 
Element Tube Metal Weld Electrode Weld Electrode Weld Electrode 

Carbon 0.14 0.11 0.10 to 0.15 0.11 0.07 0.11 0.12 
Molybdenum 0.50 0.00 “sy 0.38 0.42 0.49 0.48 
Manganese 0.50 0.48 “et 0.47 0.34 0.52 0.64 
Silicon 0.18 0.24 0.15 0.08 
Sulphur 0.022 0.022 a 0.013 > 0.014 0.035 
Phosphorus 0.014 0.022 0.016 aT 0.026 0.035 
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Table 76—Extended-Time Fracture Tests of Butt-Welded 
Carbon-Molybdenum Steel Pipe Using Three Different 
Electrodes (see Table 75) 


Short-Time 
Tensile 
Strength, 
Specimen Psi. 
Weld A 41,800 
Weld B 49,800 
Weld C 49,500 


Tensile Stress, Psi., for Designated 
Fracture Time, Hr. 
0.10 1.0 10.0 
39,500 35,600 34,000 
49,800 49,500 49,200 
49,400 49,300 48,500 


20.0 
33,200 
48,900 
$7,900 


Tests of Welded Structures 


[he tests performed on welded structures were only 
of the laboratory type and they were mostly intended to 
secure additional information on the behavior of welded 
joints. 

' So, for example, the tests on spliced I-beams performed 
by Graf!® were reviewed previously. 
The effect of welded stiffeners or just layers deposited 


on flanges was investigated by Biihler,* who subjected 


H mild steel beams (T. S. = 53,000 psi.) to a pulsating 
bending with a moment constant over a length of 20 in. 
in the middle. The dimensions of beam were the follow- 
ing: 


Flanges: width = 7.9in.; thickness = 0.59 in. 
Web: height = 7.9 in.; thickness = 0.36 in. 
Weight: 48 lb./per ft. 


One specimen was stress relieved at 1060° F. for 2'/» 
hr. The probable location of Wohler lines (based on one 
result only) indicates a marked decrease of fatigue due 
to welding (notch effect), so that only 0.5 to 0.6 of the 
resistance of unwelded beam may be anticipated. 

Stress relieving shows little improvement. This is 
ascribed to the notch effect being more important than 
the effect of the removal of residual stresses. 

In connection with these tests the weakening effect of 
stiffeners welded to the tension flange of channels might 
be recalled® here. Extensive fatigue tests with 5 million 
cycles criterion were carried out by Lea and Whitman 
on mild steel joists as-rolled, weakened by holes, with 
riveted and butt-welded joints, as well as with fillet- 
welded cover plate joints. 

Welded girders as-welded and stress relieved were also 
tested. The specimens were submitted to a pulsating 
stress with zero minimum stress in a special “girder 
fatigue testing machine’ on a span of 7 ft. 6 in. and so 
loaded that a length of 12 in. in the center was subjected 
to constant bending moment. The details of specimens 
are given in Fig. 65. Results are summarized in Figs. 66 
and 67, and in Table 20. 

It is seen, especially when compared to the tests by 
Graf,'* and by Bierett,’ that the results are somewhat low, 
even if corrected for the usual 2 million cycles criterion. 

It appears to be now well established’: '* that if neces- 
sary care is taken, butt- and fillet-welded joints in beams 
can be made that will have a pulsating tension fatigue of 
25,600 psi., which represents more than 70% of that of 
mild steel rolled beams. On the other hand, welded 
beams can be relied now upon a pulsating fatigue stress 


Base metal 
Weld metal 


* 0.031% N. 
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Scale: 1 inch = 1 foot 
inches§ § 
Fig. 65—Sections Tested in Girder-Fatigue Testing-Machine. 

Lea and Whitman” 


(6) AND (7) 


12 inches SERIES C AND 


at the outer fiber of more than 28,000 psi., i.e., nearly 
80% of that of mild steel rolled beams and this without 
making use of any special ribbed plates whatever.*: * 


Table 77—Material Used in Test by Moore” 


Vield Point, Tensile Strength, Elongation %, 


2 In 


6.5 


17-21 


43,100 
56,000-62,000 


72,800 
73,000-78,000 
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io 
dia. 
wal 
Section AA 
 -- 
— 
' 
3 
Mn Si ‘ 
0.26 0.84 0.19 | 
0.09 0.33 0.04 
34l-s 


— 5,074,100 


B.20 


264,800 
5,153,600 
— > Indicates unbroken 
Minimum stress zero 
° 1 2 3 4 5 
NUMBER OF REPETITIONS: MILLIONS. 
Series A. Rolied mild-steel joists, 5” 3”. As rolled 
With rivet-holes in the tension flange 
& With butt-welded joint in the centre (Poor penetration) 
« 5” x 2)”. (Good penetration) 
OB. « 8x3” With filiet-welded cover. ‘plate jornt in the centre 
& With riveted cover-plate joint in the centre 


fig .66—Fatigue Tests in Girder-Fatigue Testing Machine. Lea and Whitman” 


Beam to column welded connections made according 
to Fig. 25 have been dealt with and it was seen that they 
could be relied upon a pulsating tension fatigue of 10,800 
psi. only. 
jraf* made a preliminary investigation on the be- 
havior in pulsating bending of connections between 
longitudinal and cross girders. Results, Figs. 68-71, 
indicate that a fatigue limit of 18,500 psi. (1 million cycles 
criterion) has been reached with a specially designed con- 
nection. A vibration test on a triangular welded truss 
of mild steel was carried out by Mortada™ by means of 
two eccentrics acting as flywheels, which put the truss 
into resonance. The truss was statically preloaded in 
such a way that the combination of static and fatigue 
load was almost equivalent to a pulsating test from zero 
load or a small lower load to a positive maximum. 
The truss failed after 1,400,000 cycles. The crack 
started in a diagonal close to a joint which was butt 
welded and reinforced by gussets. The computed stress 
in the diagonal was 14,000 psi. 
Fatigue tests on spot-welded spars” of aluminum-clad 
and Al-Mg alloys were dealt with in detail previously” 
and were discussed at some length. Other tests on air- 
plane rudders,” wind sections® and spot-welded alumi- 
num-clad girder'” were reported in the Review of Litera- 
ture on resistance welding aluminum and its alloys.™ 
The following table, Table 78, due to Nepotii!? refers 
to triangular trusses made in tubing and box girders for 
aviation (no details). 


Table 7 18—Triangular Trusses und ne Girders for Aviation. Nepoti"!? 


Service 


Welded cranes have never shown fatigue fracture j;, 
service, according to vom Ende,'” this despite the use of 
overlapped joints, the resistance in fatigue of which jis 
known to be very low. Gas butt-welded rail joints made 
with special filler rod, so as to obtain hardness in the 
weld similar to that of the parent metal, withstood a 4- 
year service without any failure according to Zeitschrift f 
Schweisstechnik.™® 


Riveting and Welding—Strengthening by Welding 


If previous tests® were rather vague about the effect 
of combination of riveting and welding upon fatigue, 
tests by O'Neill and F. C. Johnson* leave no doubt as 
to the harmful effect of reinforcing riveted joints by end 
fillet welds. Specimens of 2% Ni steel (composition and 
mechanical properties summarized in Table 79) were 


Table acento | in Per Cent and Mechanical Proper- 
ties of the Base Metal and Weld. O'Neill and Johnson’ 


Plate 

2 Weld 
Carbon 0.14 0.25 0.04 
Nickel 2.29 1.85 
Silicon 0.12 0.07 0.09 
Manganese 0.55 0.54 0.31 
Sulphur 0.015 0.020 0.032 
Phosphorus 0.015 0.032 0.047 
Nitrogen 0.008 0.007 
Yield point, psi. 45,000 53,000 > 
Tensile strength, psi. 72,000 78,500 67,000 
Elongation, % 28 24 28 


subjected to a stress of 16,800 psi. 550 times per minute 
The number of cycles for failure was taken as a measure 
of the fatigue resistance. It is seen from Table 80 that 
none of the treatments used, including grinding of the 
fillets, was able to restore the initial resistance of the 
non-reinforced riveted joint. 

Likewise, Graf*® failed to improve the pulsating bend 
resistance of bolted rail joints by strengthening them with 
fillet welds. 


Comparison of Welding with Riveting 
Fillet Welds 


According to previous tests® flat specimens of mild 
steel with riveted joint proved stronger in pulsating 
fatigue than those with welded joint using fillet welds. 

Tests by Kérber and Hempel™ and Carlson and Sea- 


Stat. Fatigue Number 
Base Resist., Type of Type of Resist., of Fatigue Resist. / 
Metal Psi. Structure Joint Psi. Cycles Stat. Resist. References 
Cr-Mo steel 85,000 Triangulartruss Atomic hydrogen 20,000 12,000,000 0.233 S. I. A. I. Polytecnico 
in tubing welding Milano 
Cr-Mo steel 178,000 Box girder Riveted + 22,700 58,000 0.128 DD. VW. Be 
Cr-Mo steel 178,000 Box girder Spot welded From + 28,000 to 618,000 0.112 D. V. L. 
—4000, equal 
more or less to 
+ 20,000 
Duralumin 57,000 Triangulartruss Riveted From +2800 to 2,800,000 0.05 D. V. L. 
+8000, equal 370,000 


more or less to 
pulsating stress 
of 6400 psi. or 
to +4250 
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83, 
(a) 
5 0.500 
C3 §,090.400 
22400 
5 090,400 
Fig. 67—Fatigue Tests in — (3) Stresses reckoned at the sur 
Girder-Fatigue Testing Machine. | | 2 O O Minimum stress zero tace of the top flange 
- % + (b) Stresses reckoned at the top 
Lea and Whitman ) —> Indicates unbroken of the fillet-welds where 
the fatique-cracks are be- 
heved to have commenced 
° 3 g 


NUMBER OF REPETITIONS: MILLIONS. 


© Series C Built-up girders, 5" x 3° Web-fillet-welded to Manges. No heat-treatment 


bloom’ indicate that this may be no more true with 
bolted joints, and Haigh and Robertson™® claim that 
this is even not true with riveted ones. 

According to Haigh and Robertson"® the reversed fa- 
tigue stress of riveted joint was found to be +6600 psi. 
only, as against +8800 psi. representing the reversed 
fatigue stress of shallow double-joggled joint, Fig. 24. 
This is in straight contradiction with the German tests.° 
The specimen comprised one rivet only as against three 
rivets in German tests, but according to the authors this 
is immaterial. If so, the reason for the discrepancy re- 
mains unexplained. 

Koérber and Hempel* investigated the behavior of 
welded and bolted beam to column connections in pulsa- 
ting bending. The specimens were of the types repre- 
sented by Figs. 72 and 73. The base metal was a mild 
steel of min. T. S. = 52,000 psi., and welds were made in 
accordance with German Standard DIN 4100 using a 
special electrode (no details). Against expectation, the 
bolts, not the junction between welds and base metal, 
were brought to fracture. Replacing mild steel bolts by 
heat-treated C-Si bolts (0.45% C, 0.8% Mn, 0.35% Si, 
T. S. = 93,000-107,000 psi.) gave no improvement. In 
both cases the pulsating load for failure at 2 million 
cycles was half as great as it was in the case of the all- 
welded connection represented by Fig. 25. 

Likewise, comparative vibration tests on bolted and 
fillet-welded tee fitting assembled to piping disclosed 
that under the testing conditions welded joint lasted 17 
to 23 times as long as the bolted one, according to Carlson 
and Seabloom.*® Biihler® states that holes drilled in 
flanges decrease the fatigue resistance of large H-beams 
to the same amount as stiffeners welded to the flanges. 


Table | 80—Reversed Bending at 16,800 Psi. O'Neill and 


Johnson* 


Ruptures at the Junction 
Reversed in M illions 
Plate Treatment Before Rupture 
l Riveted without weld 10.0 unbroken 
1 Welded one run and straightened 0.7 average 
afterward 
1 Welded one run tempered with gas 0.27 average 
torch, then straightened 


2 Welded one run and straightened 0.32 average 
2 Welded one run tempered with gas 1.74 straightened 
torch, then straightened 0.18 in weld 


2 Welded one run straightened and 0.27 average 
then tempered 


2 Welded one run under restrained 0.37 average 
2 Welded one run under restrained 
and tempered 0.16 average 
2 Welded one run under restrained 1.30 
then ground 2.14 
2 Welded two runs then ground 7.85 irregular 
1.53 


Heat-treated at 650° C. 


Table 81—Characteristics of Base Metal. Wilson": 


rensile 
Cc. & Mn, % Si, % Strength, Psi. 
0.16 1.22 0.2 83,000 
0.30 0.91 0.23 80,700 


Butt Welds 


Mild Steel.—If it is agreed that the tightening effect 
of riveted cover plates is not to be taken into account, 
then comparison between butt-welded specimens and 
specimens with drilled holes turns to the decided ad- 


Fatigue 


Series Nature of joint in psi 


15,600 


<— 


18400 


J 
|| 


f] 
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Figs. 68-71-—Longitudinal and Cross Girders Connection. 
Graf*? 


In pulsation bend test 1 million cycle criterion, lower limit—1- 
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Table '82—Physical of Plates and a Plates “Weld Metal Used in Rest Tests. Wilson 
and Co-workers” 


Stresses, Psi. 
Yield Point Ultimate Strength Reduction of Area, % 
Range 30,500-33 ,000 56,000-—-59,000 51.0-58.0 
Average 31,900 57,700 55.4 
Chemical Composition 
Carbon Manganese Silicon Copper Phosphorus Sulphur 

Plates: 

Range 0.22-0.28 0.438-0.46 0.01-0.02 0.15-0.18 0.012-0.019 0.030—0 . 037 

Average 0.27 0.45 0.01 0.166 0.015 0.034 
Weld metal: 

Range 0.09—-0.11 0.30—-0.33 0.07-0.11 0.06-0.08 0.017-0.021 0.028-0. 036 

Average 0.10 0.31 0. 08 0.07 


vantage of butt welds according to Lea and Whitman,*: * 
but not if the latter are compared to joints made with 
riveted cover plates. 

This is not substantiated by Bierett* who claims that 
endurance limit of butt-welded beams may be compared 
to that of best simple riveted joints subjected to direct 
tension. 

Experiments by Graf'® go even further. As seen from 
Table 7, riveted joint in spliced beams is superior only 
to the fillet-welded joint with unfinished cover plates, 
but is inferior to a transverse butt-welded joint. 

The superiority of butt-welded joint over a riveted 
joint appears also in tests by Wilson,” provided the 
strength is based not on the net but on the gross section 
of specimen. 


Alloy and High Carbon Steels 


Biihler® compared the pulsating tension resistance of 
butt-welded and screwed sleeve joints in reinforcing bars 
of low-alloy steel for concrete beams (0.25/0.30° C, 
0.6-0.8% Mn, 0.25% Si, 0.4-0.5% Cr, T. S. = 81,700 
psi.) and found the same pulsating fatigue limit of 20,000 
psi. for both (criterion 5 million cycles). On the con- 
trary, tests by Wilson® and Wilson and co-workers™ 
with the type of specimens represented in Figs. 74 and 
75 show again that, if based on the gross section, the 
butt-welded joint was superior to the riveted one. 

The two types of base metal used exhibited the char- 
acteristics, shown in Table 81. As already seen in the 
section on Rails, gas fusion butt-welded joints can be 


0.020 0.034 


made that will prove superior to the bolted joint in rails 
containing about 0.7% C. 

Cr-Mo butt-welded tubes gave after heat treatment 
(no details) a 15% higher pulsating tension resistance 
than tubes with drill holes according to Bollenrath and 
Cornelius,* whereas, as seen from Table 54, Cr-Ni-Ta 
stainless plate with drill hole proved in pulsating tension 
superior to an arc butt-welded stainless plate, using a 
filler rod of the same composition, even if the weld was 
flush machined.” 

Processes other than fusion welding also seem to pro- 
vide a better fatigue resistance than bolting and riveting, 
as, for example, electric flash and gas pressure welding 
of rail joints, as already mentioned in connection with 
tests by Moore and co-workers." 

Comparative vibration tests on riveted and spot- 
welded spars 6'/, ft. long made of aluminum-ciad and 
Al-Mg alloys were mentioned previously. Riveted spars 
tested in vibration under similar conditions were superior 
to non-heat-treated spot-welded spars, but markedly 
inferior to heat-treated ones, according to Reichel.” 

These results may perhaps account for some contro- 
versy existing in the literature as to the comparative 
value of riveting and spot welding light alloys and men- 
tioned in the Review of Literature on resistance welding.” 

Some authorities state that spot welds are 
equivalent to rivets, especially in vibration tests of 


fuel tanks,*: others arrived at the opposite conclu- 
sion. 107, 98, 74 


ag This conclusion is also reached, when comparing fatigue tests by Haase” 
on spot-welded duralumin sheet, as reported previously, with similar tests on 
riveted ones performed by Hottenrott.!! 
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Fig. 72—-Dimensions of Specimen G2, Bolted Connections. 


A = welded insert E 
B = end view F 
C = insert plate, mild steel, 0.98 x 8.7 in. 
D = 4 angles, mild steel, 0.55 x 3.9 x 5.9 in. 
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Table 83—Effect of Periods of Rest Upon Fatigue Strength of 


Butt Welds in '/, In. Carbon-Steel Plates. Wilson and Co- 


on 
workers® 
Summary of Results 
Fatigue Strength,* 1000 Psi. 
N = 100,000T N = 2,000,000 
Stress, 1000 Psi. No Rest 5-Minute Rest 30-Minute Rest No Rest 5-Minute Rest 
Full reversal +20.0 to —20.0 20.1 20.5 19.8t 
20.2 
+16.0 to —16.0 15.4 14.2% 
Zero to tension 0 to +30.0 34.3 1 27.2 
0 to +27.0 25.6 23.8 
0 to +35.0 37.6 34.9 
* Each value represents the average of three tests. 
+t N represents the number of cycles for failure. 
1 t Two groups of three tests each at this rest period with average fatigue strengths as shown. 
nt 
a Tubes Effect of Periods of Rest on the Fatigue 
id 
‘a There is very little new information on welding Cr-Mo While the periods of rest are of no significant influence 
n tubes for aviation and the one available‘: '’ has been on the fatigue limit itself according to Wilson and co- 
a dealt with previously. Likewise, the information about workers,” they do increase the total number of cycles a 
4S welding fitting to piping* has been reported previously. specimen can withstand at a stress above the endurance 
limit, as shown by experiments by Daeves, Gerold and 
Schulz." 
g, Methods of Testing The effect of periods of rest on the fatigue strength® 
ig Rotating beam polished specimens provide according WS tested using butt-welded specimens, Fig. 75, with 
h to Hruska'™ no reliable information on the fatigue re- 
sistance of butt welds, as in practice welds are mostly sn 
t- made with flat specimens. 
d On the other hand, lacking necessary surface prepara- 1} | 
ied tion, specimens give only scattered and inconsistent re- ey a 
al sults. | ©}! | 
y In view of this, specimens should be flat and thoroughly | bled 
polished. The author devised a special tapered canti- © Pp 4 
‘ lever type of specimen which is subjected to reversal | Ploeg 
as bending, the stress being computed from a load-deflec- | f 
. tion curve made in static test. ti 
+ Flame Cur & 
oa Table 84—Lifetime Resistance and Period of Rest. Daeves, Butt to be Meta/ to 
Gerold and Schulz’! (Blk) Metal Contact 
No rest period 124,000 cycles before failure 
- 40,000 cycles between rest period 194,000 cycles before failure I3.S* HTS. (B/k) 
20,000 cycles between rest period 236,000 cycles before failure : ; ; 
5000 cycles between rest period 405,000 cycles before failure Fig. 74—Fatigue Tests of Welded and Riveted Joints in Steel 
Plates. Details of Riveted Specimens. Wilson‘ 
p 
B D 
A. Olio ole o- 
| 
A 
E F G 
FORT) 
Fig. 73—-Dimensions of Specimen G1, Bolted Connections. Korber and Hempel** 
A = welded insert, mild steel, 0.39 in. thick E = weld 
B = end view F = bolts, d = 1'/sin., mild steel 
C = insert plate, mild steel, 0.98 x 8.7 in. G = slitting of the upper and lower flanges of the mild 
D = 4 angles, mild steel, 0.55 x 3.9 x 5.9 in. steel | beam, I 28 
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Fig. 75-—Details of Specimens Used in Tests of Butt Welds in 
Low-Alloy Plates (Navy). Wilson‘ 


physical and chemical properties shown in Table 82. 
All specimens were unmachined, but were stress relieved 
for 2 hr. at 1200° F. 

The periods of rest interspersed between each 100 
cycles, were 5 min. or 30 min. and the fatigue range was 
either full reversal or pulsating stress (from zero to max.). 

As seen from Table 83 the period of rest decreases 
slightly the fatigue resistance,* but the decrease is to be 
interpreted as not being significant for practical purposes. t 

On the other hand, two series of tests carried out by 
Daeves, Gerold and Schulz" have shown that rest period 
increases the number of cycles that a specimen can with- 
stand before failure at a stress considerably above the 
endurance limit. 

In the first series three patented and cold-drawn wires 
were tested in the Schenck rotating beam machine. In- 
terspersing rest periods between the cycles increased the 
life of the specimen under a stress of +78,000 psi. from 
about 60,000 to about 90,000 cycles (the endurance 
limits being 45,500, 51,200 and 37,000 psi., respectively). 

The second series was carried on a low C steel (endur- 
ance limit = 32,700 psi.) under a stress of + 42,700 psi. 
Increasing the number of rest periods between the cycles 
resulted in a gradual increase of life up to 227% as seen 
in Table 84. 

Discussing these results, Bollenrath'® points to the 
fact that the benefit of period of rests is only limited to 
ferritic steels and is none according to Bollenrath and 
Cornelius'’® with alloy and 18-8 steels. 


Oxygen Cutting 


As evidenced by tests by Graf* decrease of fatigue re- 
sistance caused by oxygen cutting of steel with mill scale 
is due to the greater roughness of the oxygen-cut sur- 
faces over that caused by milling. 


* Based on the formula F = S X (n/N) 0.10. es 
t Unpublished results by Moore and Putman show a similar lack of signifi- 
cant effect, according to Wilson. 


Nature of Steel Nature of Test 


Table 85—Heat " Treatment of Oxygen-Cut Steels. Graf?! 


The decrease is of the same order of magnitude as that 
caused by a smooth hole, but grinding or planing of cut 
edge removes entirely the source of weakness. 

Annealing is not so beneficial as seen from the follow- 
ing figures, Table 85. 

It is not clear whether this benefit is due to removal of 
shrinkage stresses, to decreasing the sharpness of ridges 
or to altering the structure of steel. 

Steels with higher tensile strength, alloy steels or high 
carbon steels, are more affected by oxygen-cut than mild 
steel, as seen from diagram, Fig. 76. 

However, the use of high-tensile steels becomes ad. 
vantageous, if the cut edge is smoothed by grinding or 
planing. 
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Fig. 76—Relation Between Tensile Strength and Fatigue of Gas 
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Introduction 


HE structure of a spot weld in Alclad 24S-T may 

be investigated by the X-ray radiograph and by 

an examination of the microstructures. For the 
most reliable results these two methods should be used 
together. X-rays are sensitive to changes in density 
and are therefore suitable for cracks and voids parallel 
to the X-ray path. It is hoped that certain rings ob- 
served in radiographs may be correlated with definite 
weld structures, and that these may provide some indi- 
cation of the extent of fusion. Since the method is also 
non-destructive, it should be an important tool in any 
spot-welding investigation. 

From a transverse microsection it is possible to obtain 
data on the weld diameter and penetration, and on the 
position and shape of the weld section in the sheet. A 
section of the weld at the interface is valuable in a study 
of welds which have been fractured and in a study of 
irregularities in weld outline. Either section will provide 
information on the metallurgical structure, condition of 
the cladding and the extent of cracks and porosity. Al- 
though a microsection is not quite as reliable as the X-ray 
for the observation of cracks, the section will show the 
position of the crack relative to the metallurgical struc- 
ture, and data of this sort have helped to explain the 
causes of cracking. This report discusses the radiograph 
and the weld section as a method of determining the 
structure of spot welds in Alclad 24S-T, and shows 
typical conditions found by these methods in welds made 
by a condenser discharge, a magnetic energy storage and 
an a.c. spot welder. 

From a knowledge of the structure of a weld we should 
be able to predict some of its properties. In this direc- 
tion, am approximate relation between weld diameter 
and shear strength has been obtained empirically from 
collected data. These data show how the shear strength 
is affected by changes in weld diameter, and they enable 
an observer to predict the approximate shear strength 
from a rapid measurement on a rough section. 


Preparation of Microsections 


The polishing technique for Alclad 24S-T has already 
been very adequately described':*. The specimen is 
first rubbed on an ordinary mill file or on a special long 
angle mill file for aluminum and then on one cloth such 
as aloxite No. 120, and finally on 0, 00 and 000 paper. 


* This is another of a series of reports prepared by the R.P.I. Welding Labo- 
ratory research staff on spot-welding ate Pew equipment and technique. 
This investigation is under the joint auspices of the N.A.C.A., the Army Air 
Corps and the Navy Bureau of Aeronautics in cooperation with the Resistance 
Welding Committee of the Welding Research Committee. Other reports will 
be issued from time to time as the work progresses in order to relay the infor- 
mation to the aircraft industry as rapidly as possible. 
t Welding Laboratory, Rensselaer Polytechnic Institute, Troy, N. Y. 
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If smudging occurs, these papers may be lubricated with 
kerosene. Rough polishing with a suspension of No. 
600 Alundum in water on a ‘“‘kitten’s ear’’ broadcloth 
wheel traveling at 300 r.p.m. then follows, and the speci- 
men receives its final polish with a paste of heavy mag- 
nesium oxide on a “kitten’s ear’ broadcloth wheel 
traveling at 150 r.p.m. 

Extreme caution should be exercised in the choice of 
the heavy magnesium oxide, since some of the commer- 
cial magnesium oxide preparations contain caustic im- 
purities. Final polishing with such a paste will pit the 
weld structure badly and make it difficult to resolve the 
weld structure after etching. 

To etch the specimen, Keller's etch, consisting of 1% 
HF, 1.5% HCl and 2.5% HNO; (by volume) in water, is 
used for 8-12 sec. to develop the grain structure. The 
specimen is dried by rinsing it in hot water and then 
blowing the water from the surface. Distilled water 
should be used throughout the polishing procedure, and 
after etching, the surface should not be touched, since 
the etch wipes off easily. 

The use of heavy pressures and excessive wheel speeds 
during polishing are particularly harmful. Unless the 
specimens are polished with light pressures and low 
wheel speeds for as short a time as is necessary to produce 
a proper surface, it is easy to tear out the constituents or 
to work the surface layer of metal so badly that it 
effectively obscures the true grain structure. If cracks 
or porosity are present, it is very easy in this manner to 
either close up the voids or to enlarge them dispropor- 
tionately, depending on the direction of polishing. 

Cracks and porosity are best examined in the weld 
section when the specimen has been lightly etched, since 
there is little chance of then confusing porosity and fine 
cracks with other structures. If a specimen is slightly 
over-etched, it is easy to mistake fine cracks for thickened 
grain boundaries, and fine porosity may be entirely lost 
in the dark weld structure. Conversely, some of the 
etched structures, particularly at the parting line of the 
dendritic grains, look suspiciously like cracks when 
etched, but often examination after hight etching wil! 
resolve the true structure at that point. 


Typical Weld Structures 
Alternating Current Welds 


Some photomicrographs at 100 X and 500 X have 
been reproduced in Figs. 1 and 2 to illustrate typical 
structures found in spot welds in 0.040-in. Alclad 24S-T 
Figures 1 (A) and (B) show the microstructure of a '/: 
cycle a.c. weld. The structure throughout the weld is 
almost entirely of a fine dendritic nature with smal! 
patches of equiaxed grains interspersed. In a 16-cycle 
weld, Figs. 1 (C) and (D), the outer case of the fused area 
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is mainly dendritic, but at the central portion of the weld 
the grains are entirely equiaxed. As the weld time 
increases the percentage of equiaxed grains increases. 
At '/, cyele the weld tends to be almost entirely den- 
dritic; at 1 cycle there is an appreciable amount of 
equiaxed structure; at 16 cycles a large percentage of 
the weld structure is equiaxed. As the time of welding 
is increased the dendritic grain size is also increased, since 
the increased energy input effectively slows its rate of 
cooling. 


Nature of Weld Structure 


Each grain in the fused areas is surrounded completely 
by a network of CuAl, eutectic. The fused area itself is 
surrounded by a heat-affected zone which consists of a 
region of incipient fusion where the eutectic components 
and some of the grain boundaries have been brought close 
to their melting points. In the !/.-cycle weld, Fig. 1 (B), 
the heat-affected zone is restricted to a few agglomer- 
ated particles on the grain boundaries, whereas in the 
i6-cycle weld, Fig. 1 (D) the heat-affected zone is much 
wider and the incipient melting around the weld is more 


Fig. 1 


S (A) and (B) 1/,-Cycle a.c. weld: (A) 38,000 amp., 1400 lb. 
f ©'ectrode pressure, 4-in. R. dome tips, wire brushed, 500 x. (8) 
came as (A)—100 


(C) and (D) 16-Cycle a.c. weld: (C) 37,400 amp., 1000 bb. 


D) 


s electrode pressure, 4-in. R. dome tips, 6% HF—30 sec., 500 x. 


e as (C)—100 x. 
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general. In both cases, eutectic stringers extend quite a 
distance into the base plate from the ends of the weld. 


Stored Energy Welds 


The metallurgical structure of a weld made by a mag 
netic energy storage welder is quite similar to that made 
by a condenser-discharge welder. Figures 2 (A) and 
(B) show a weld made by a magnetic energy storage 
welder. There is the typical dendritic core and equiaxed 
grains in the fused zone. The small dark section shown 
at the center line of Fig. 2 (B) is not a crack but a seg- 
regation of copper-aluminum eutectic. The condenser 
discharge weld, Figs. 2 (C) and (D), is almost identical, 
although it does have a slightly smaller dendritic grain 
size. Both welds have rather narrow heat-affected 
zones, and have a grain size corresponding to a 3- or 4- 
cycle a.c. weld. 


Age Hardening 


There has been some controversy as to whether or not 
welds in Alclad 24S-T should increase in strength upon 
aging at room temperature. Previous data’ from this 
laboratory have shown that no such increase was ob 


(A) ard (B) Magnetic energy storage weld: (A) 31,000 amp 
peak, variable pressure—weld pressure 445 lb.-—forging pressure 
1135 lb., 0.20 in. x 10° tips, wire brushed, 500 x. (8) Same as 
(A)—100 x. 

(C) and (D) Condenser discharge weld: (C) 47,000 amp. peak 
1000 lb. electrode pressure, '/, in. x 10° tips, wire brushed, 500 x. 
(D) Same as (C)—100 x. 
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(A) and (B) 75th weld in a tip life study: Condenser discharge 
weld, 49,000 amp. peak, 1000 lb. electrode pressure, '/, in. x 10° 
tips, wire brushed, 100 x. 

(C) Transverse crack: a.c. weld, 16 cycles. 

(D) and (E) 52S-1!/,H condenser discharge weld: (D) 52,000 
amp., 1200 lb. electrode pressure, '/, in. x 10° tips, wire brushed 
500 «. (FE) Same as (D) —100 x. 


tained. This is to be expected, since almost all of the 
CuAk, the hardening agent, is present in a continuous 
network, or in agglomerated nodules, at the grain bound- 
aries within the fused and heat-affected zones. Unless 
the CuAl, has first been taken into solid solution and then 
precipitated as submicroscopic particles, no aging effect 
can occur. Since in the fused area and in the heat- 
affected zone, the CuAl, has agglomerated into large 
masses, a long-time solution treatment would be nec- 
essary to redissolve the CuAl, and to redistribute it 
homogeneously throughout the matrix. 


Electrode Pick-up 


If the electrode tips pick up a ring of aluminum after 
continued operation, the contact resistance between the 
electrode and the sheet rises at the areas of pick-up, and 
more heat may be developed. Figures 3 (A) and (B) 
show both ends of the seventy-fifth weld in a tip life 
study for a particular set of conditions on the condenser 
discharge machine. They illustrate an extreme condi- 
tion where the tips have been used too long without 
cleaning. In Fig. 3 (A), a small section of the cladding 
has actually been melted out and replaced by the dark- 
etching copper alloy. This particular bit of copper 
pick-up was small and was scarcely noticeable from the 
surface. Figure 3 (B) shows a condition where the in- 
creased contact resistance has caused incipient fusion 
between the weld and the surface cladding. The eutec- 


350-s WELDING RESEARCH SUPPLEMENT 


tic constituent was actually molten and agglomerated 
in a wide boundary network. Although some eutectic 
stringers have penetrated the cladding, this condition 
was not visible at the surface. 


Cracks 


Figure 3 (C) illustrates a typical transverse crack 
through the weld structure. Very often, however, 
cracks may start between the fused zone and the surface 
and then propagate into the weld. In thinner gages, 
0.020-0.040 in., voids tend to be in the form of trans- 
verse crowfoot cracks, while in the heavier gages, such 
as in 0.064-in. material, voids are more apt to be in the 
form of blowholes with interlocking cracks. 


Welds in 52S Alloy 


A condenser discharge weld in 52S-'/2H material is 
shown in Figs. 3 (D) and (£). This weld has a fine grain 
structure, no continuous network of constituents around 
the grain boundaries and a very small heat-affected 
zone. Because of the absence of any grain boundary 
network, these welds show a greater ductility, as meas- 
ured by the U-type tensile test, than corresponding 
welds in Alclad 24S-T. The data below indicate the 
much greater ductility, as expressed by the tension- 
shear ratio.* 


U-Type 


Sheet Weld Shear Tensile Tension- 
Thick- Diam- Strength, Strength, Shear 
ness, In. eter, In. Lb. Lb. Ratio 
Alclad 24S-T 0.040 0.200 725 211 0.29 
52S-'/,H 0.040 0.225 657 415 0.61 
Radiography 


In the radiography of aluminum alloys, difficulty 
arises because of the extreme ease with which X-rays 


Fig. 4 
(A) Radiograph of spot welds in 0.040-in. Alclad 24S-1 with 
fine transverse cracks. 
(B) Radiograph of spot welds in 0.064-in. Alclad 24S-T showing 
porosity and characteristic rings. 
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penetrate aluminum. To radiograph spot welds in 
comparatively thin sheets requires: (a) low voltages; 
(b) a tube with a fine focal spot and (c) film with a fine 
grain size and extremely high contrast. 

Operating conditions for Alclad 24S-T with a tube 
having a focal spot of about 1 mm., using a tungsten 
target with full-wave rectification are: 


Metal Exposure 

Sheet Milliampere Tube 
Thickness, In. Ky. Seconds Distance, In. 

0.040 15 1800 44 

0.064 20 1200 44 

0.080 25 600 44 

0.128 25 1050 44 


These exposures are valid for Eastman, fine-grain, 
high-contrast, Type A, industrial X-ray film. Process 
film may also be used, but exposure times are increased 
approximately six times. Ordinary industrial and no- 
screen X-ray films are much faster, but have too large a 
grain size to sharply reproduce a small defect. Inten- 
sifying screens of calcium tungstate are of little value, 
because these screens also have a large grain size. Lead 
screens cannot be used because the voltages are too low. 

If the voltages are increased the exposure times are 
shortened, but at the same time, the contrast is reduced. 
If the voltages are reduced, scattering becomes appre- 
ciable and there is considerable loss of definition. When 
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the voltages becomes too low, none of the X-rays pene 
trate the aluminum and no image is obtained. The 
voltages listed in the table represent a compromise for 
these conditions in that they are Iéw enough to give 
good contrast without undue loss by scattering. 

Because of the small size of the defect under observa 
tion it is necessary, for good definition, to have an effec-. 
tive point source of X-rays. The tube distances listed in 
the table are large, and could probably be reduced to 
about 15 in. without any great loss in detail. With a 
water-cooled tube, however, the currents may be quite 
high, and the exposures extremely short, so that the dis 
tance was chosen as sufficient to insure a point source of 
X-rays, yet not so great that the exposures were ex 
cessive. 

Figure 4 (A) shows the definition which may be ob- 
tained for fine transverse cracks. In Fig. 4 (8) the 
welds have excessive porosity, and the radiographs also 
exhibit clearly certain characteristic rings. Preliminary 
work has shown that these rings may be related to cer 
tain structural components of the weld, but the work has 
not progressed sufficiently to allow any definite conclu- 
sions. The smallest division on the penetrameter, in 
Fig. 4 (B), is 0.001 in. or 0.78% of the total thickness, 
but finer penetrameters have shown that the smallest 
discernible defect can be as low as 0.5%, of the total 
thickness. 


Quick-Section Method 


If, from a microsection, only the diameter and approxi 
mate penetration of the weld area are required, a rough 
section will often suffice. The weld is merely sawed in 
half, clamped in a steel holder, smoothed with a few 
strokes of a file and then etched for 15-20 sec. in Keller's 
etch. The weld outline is easily seen, and diameter and 
penetration measurements can be made with a pair of 
dividers. Only two minutes are required for the entire 
process, and if a band saw or cut-off wheel were used, 
this time could be shortened appreciably. 
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In the shop, such a method is valuable in setting up a 
machine. From this “quick-section,”’ not only is it 
possible to observe the shape and position of the fused 
zone, but it is also possible to determine the weld strength 
from the weld dimensions. In Fig. 5, the diameters and 
shear strengths of over 300 welds in Alclad 24S-T are 
plotted, and the approximate relation is: 


S = 17,500 D? (1) 
where 


S = shear strength in pounds, as measured by a 
standard single-spot lap-weld specimen 
D = diameter in inches 


In 0.040-in. material, for example, if the operator finds 
by the quick-section that he is making welds 0.200 in. 
in diameter, the curve shows that his average strength 
would be 700 lb. But, from the scatter of the plotted 
values in Fig. 5, he is also certain that his weld strength 
would never fall below 550 Ib. By using a reasonable 
diameter for each gage, the operator is thus certain of 
meeting the Army and Navy specifications. In addition, 
the appearance of the fused zone in the quick-section 
gives the operator the assurance that he is actually 
making a weld and not merely sticking the cladding 
together. 

The weld penetration is much less important than the 
weld diameter in determining the weld strength. The 
penetration of the fused zone should not extend less than 
20% or more than 80% into either sheet. There is some 
evidence as shown in Fig. 6 that within the above limits 
the weld strength tends to increase as the penetration 
decreases. This is to be expected, for both the fused and 


heat-affected zones are softer than the base metal. Any 
factor which increases the ratio of softened weld area ¢,, 
unaffected metal should, therefore, also reduce the weld 
strength. 


Summary 


1. Cracks and porosity in spot welds in Alclad 248-7 
are best shown by radiographic methods. It may also be 
possible to correlate certain rings on the radiographs 
with the spot-weld structure. 

2. The structure of a spot weld is best shown by 
metallographic examination of a properly polished and 
etched cross section. A typical spot weld consists of an 
equiaxed center surrounded by a dendritic case, and a 
heat-affected zone which has been subject to incipient 
fusion. The longer the weld time, the greater are the 
equiaxed and heat-affected areas. Condenser discharge 
and magnetic energy storage welds are very similar in 
structure. 

3. The shear strength is predictable from the weld 
diameter and penetration. By the quick-section tech- 
nique, the operator can make certain, rapidly and easily, 
that his welds are meeting specifications. 
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Comparison of A.C. and 
D.C. Arc-Welded Joints’ 


By Leo Albert Moore 


to the relative quality of welds produced with 

A.C. and D.C. equipment. This report covers 
comparative tests on welds made with the two processes 
using mild steel plate one-half inch thick. All joints 
were of the double V butt type, with a total opening of 
60°. The welding was done in a down-hand position. 
The plates were separated about one-eighth of an inch. 
Each plate had a '/,s-in. shoulder at the center of the 
double V. 

A 200 amp. D.C. arc welder was used, purchased from a 
reliable manufacturer. The A.C. equipment was de- 
signed and built in the laboratory. 

A heavy flux-coated shielded arc electrode was used, 


r I WHE literature contains considerable discussion as 
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A.W.S. Type E6012. Some of the welds were made 
with two passes on each side, and some with three. 


Test Results 


A comparison of the average results obtained from the 
A.C. and D.C. welds was as follows: 


Type of Yield Point, Ultimate 
Weld Psi. Strength, Psi. Elongation, % 
A.C. 50,614 74,541 24.2 
D.C. 49,936 73,907 26.1 
Summary 


In tensile strength the A.C. had a slightly higher aver- 
age than the D.C., but in some individual coupons the re- 
verse was true. The D.C. specimens, on the other hand, 
were slightly more ductile than the A.C. specimens, but 
here again many individual coupons showed the reverse 
of the above. In both A.C. and D.C. as the tensile 
strength increased the ductility decreased and the hard- 
ness increased. In general, it can be stated that there 
was no appreciable difference between alternating cur- 
rent and direct current welds. 
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Welding Chromium Steels 


Part I—Low-Alloy 


High-Strength Chromium 


Steels (Cr < 1%) 
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Summary 
General Effects of Chromium 


Like most other alloying elements, chromium is used 
in structural steels to increase strength, and achieves 
this by increasing response to heat treatment. In weld- 
ing the increased response to heat treatment means that 
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a slower rate of cooling next to the weld is necessary 
in order to stay within any predetermined limit of hard- 
ness and ductility in the zone next to the weld. The re- 
sponse to heat treatment is a function of carbon content 
and alloy content. At carbon levels of 0.30% and over, 
even small quantities of chromium increase the response 
to a point where in general special precautions are neces- 
sary to keep the cooling rate below that which would re- 
sult in undue loss of ductility next to the weld. In the 
lower carbon ranges—for example, 0.12% maximum— 
steels with up to about 1% chromium do not require 
rates of cooling different from that generally found in 
practice. This generalization should, of course, be 
examined carefully in each specific case, as rates of 
cooling differ appreciably with varying welding tech- 
nique and weld geometry. 


Weld Hardness 


The addition of 1% chromium raises maximum weld 
hardness in the heat-affected zones by approximately 
100 Vickers Brinell units as measured next to the bead 
on '/s-in. plates made with */\»-in. diameter electrodes 
and a speed of 4 to 6 in. per minute and as compared 
with steel of the same carbon content without chromium. 
This is so even at the lower carbon levels, but the duc- 
tility of the hardened zone is affected much less than in 
plain carbon steel. In this respect chromium is analo- 
gous to other common alloying elements. Studies on 
response to heat treatment show that for the same 
amount contained in alloy steel, chromium causes less 
hardening than molybdenum or manganese, but more 
than nickel. Such generalization can be practically 
used only in considering steels of the same tensile 
strength, in which case, for a given carbon content, less 
chromium than nickel is normally used, and less molyb- 
denum or manganese than chromium. Thus, from a 
practical aspect, it is necessary to study each specific 
case. However, in any case it will be found that chro- 
mium, as well as other alloying elements, increases tensile 
strength without increasing hardness next to a fillet 
weld to the same degree as carbon. British investiga- 
tors rate chromium as only '/; as hardening as carbon 
with respect to the heat-affected zone of a weld. Fillet 
welds in '/s-in. plates were used to cite the point. Here 
again the cooling rate is the determining factor and such 
generalization must be taken with caution. Preheating 
or stress relieving, or both, frequently afford a practical 
answer in the welding of those steels having high re- 
sponse to heat treatment. 

The role of the alloys in promoting toughness (bend 
ductility) at a given strength level is well illustrated by 
chromium, and in this type of work one investigator 
found marked improvement in ductility next to the 
weld in 0.09% phosphorus steels which contained 1 to 
1'/s% chromium. 


Effect of Cutting 


The experience of previous investigators that chro- 
mium up to 2% offers no difficulty in cutting is confirmed. 
For contents between 2—-5%, greater heat is necessary, 
and if content is still greater preheating is practiced. 


Chromium-Manganese Steels 


Gas-welding rods containing 0.05-0.17% chromium 
and from 0.46 to 1.34% Mn when used in making welds 
in */s-in. plain (0.09) low carbon plate gave excellent 
bend ductility. However, when the chromium content 
of the rod was increased (1.35% Cr), it was necessary to 
chip and make a root weld to obtain a 180° bend without 


cracking near the weld. For thicker plate, '/2 in. to 1.9 
in., an annealing treatment of 1 hr. at 940° C. followed 
by furnace cooling was necessary to get acceptable duc. 
tility, but the notch impact in either the as-welded or 
annealed condition remained undesirably low. 

The ductility of oxyacetylene welds made with rods 
containing 0.12 C, 1.10 Mn, 0.20 Si and 0.30 Cr to butt 
join */,-in. plates of 60,000-65,000 psi. tensile strength 
can be increased from 14.5 to 26% elongation by aging 
at relatively low temperatures (1 hr. at 300° C.), with- 
out at the same time reducing their tensile properties. 
Only slight improvement resulted in impact strength. 

Oxyacetylene butt welds in 19-16 gage Cr-Mn sheets 
(0.12-0.22 C, 0.80-1.07 Cr and 1.25-1.85 Mn) made 
with base metal filler rods showed a tensile strength in 
the as-welded condition equal to that of unwelded sheets. 

Thin Cr-Mn steels are at least as free from weld crack 
sensitivity in the Focke-Wulf tests in so far as P + § 
content is concerned as Cr-Mo aircraft steels. 

Gas welds using a low Cr-Mn rod (1.00 Mn, 1.00 Cr) 
in rail produced tensile strengths from 50 to 75% of the 
rail steel and 50% of the endurance value after nor- 
malization. Stress relieving raised the tensile strength 
to 60 to 80% of the rail and the endurance limit to 90% 
of the rail. 


Chromium-Manganese-Copper Steels 


One-half and 1 in. thick plates (about 0.20 C, 0.80 
Mn, 0.83 Cr, 0.31 Cu) joined by a single V metallic arc 
weld using a shielded low carbon electrode (weld metal 
0.06 C, 0.42 Mn, 0.179 Si and 0.026 S, 0.026 P), yielded 
tensile and yield strength values that differed only 
slightly from those of the unwelded plates. Izod values 
at the weld averaged 30 ft.-lb. as compared with 60 ft.-lb 
in the base metal and 70 ft.-lb. at the junction. Bend 
ductility for the 1l-in. plates was particularly poor al- 
though the '/:-in. plates withstood 180° in a guided 
bend test before cracking, with over 20% elongation 
This indicates that special precautions must be observed 
(such as preheating in the heavier thickness). Plates 
containing 0.20 to 0.46% Cr, '/4 and '/2 in. thick and 
welded with shielded arc, low carbon electrodes, pro- 
duced welds equal to that of the parent metal in tensile 
strength. These materials welded with special high- 
strength, shielded arc electrodes produced shear strengths 
of 90,000 psi. The plates were highly susceptible to 
cracking in the Reeve test. Gas cutting, unless car- 
ried out at slow speed with relatively high rate of heat 
input per inch of travel, produces a surface layer about 
0.02 in. deep of about 400 diamond hardness. 


Chromium-Manganese-Copper-Silicon Steels 


Prenormalizing improves the bend ductility of welds 
made in 2-in. plates containing 0.18 C, 0.41 Si, 1.0 Mn, 
0.30 Cr and 0.50 Cu. Of still greater value, however, 1s 
preheating to 200° C. 

Tensile strength of 72,000 psi. before machining, which 
was increased to 84,000 psi. after machining, was ob- 
tained in shielded arc welds in '/2 in. St52 (0.13 C, 0.62 
Si, 1.22 Mn, 0.25 Cr, 0.06 Mo and 0.55 Cu). Slightly 
higher values were obtained in the unmachined welds 
(but not in the machined) if the chromium content was 
increased to 0.50 Cr. 

The advantage of high rate of heat input per inch o! 
travel in welding low-chrome alloy steels (0.19 C, 1.1» 
Mn, 0.41 Si, 0.35 Cr and 0.50 Cu) is seen in compari 
sons of normal shielded arc and Union-melt welds in 
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steels 1'/2 in. in thickness. Elongation was 24% for 
both unwelded plate and Union-melt welds and 15% 
for the manual are welds. Both types of welds were 
improved in ductility by a stress-relieving heat treatment 
| hr. at 620° C., but the Union-melt welds were particu- 
larly improved. Notch impact values for both types 
of welds and for the plate were approximately the same 
Plate 7.3, Manual Weld 5.9, Union-melt weld 6.5 mkg./ 
cm.2). The tensile strength of plate material was 78,000, 
of the Union-melt welds 78,000, psi., and the manual 
shielded are welds 84,000 psi. 


Chromium-Manganese-Silicon Steels 


Metal shielded arc butt welds in '/2-in. plates con- 
taining 0.12 C, 0.75 Mn, 0.48 Si and 0.34 Cr yielded 
Charpy values of 118 ft.-lb., equivalent to plate material. 


Chromium-Nickel Steels 


The approximate maximum safe cooling rate to avoid 
martensite formation in a steel containing 0.38 C, 0.72 
Mn, 0.49 Cr and 1.32 Ni is 100° F./min., according to 
the S-curve calculations. The above cooling rate refers 
to the interval between the Ae, and Ar’ — 100° F. 
temperatures. 


Chromium-Nickel-Copper Steels 


Gas and shielded arc V butt welds made in '/2-in- 
steel plates containing 0.12 C, 0.14 Si, 0.54 Mn, 0.02 P, 
0.023 S, 0.11 Cu, 0.11 Ni and 0.17 Cr, with a reinforcing 
pass on the reversed side using various low-alloy high- 
strength electrodes, gave tensile strengths equal or 
superior to the base metal, with elongation of the order 
of 25 to 30% (base metal 38%). Gas welds had about 
two-thirds the notch impact value (notch in root) of 
base metal except in range 0 to —50° C., where the un- 
alloyed rods yielded the lowest results. Normalizing 
raised the notch impact value practically to that of base 
metal, except for the range 0 to —50° C., where the im- 
provement was greater the higher the alloying elements 
content, indicating that alloying elements improved the 
strength of welds at low temperatures. Stress annealing 
was not so beneficial as normalizing. At elevated tem- 
peratures (400° C.) the unwelded steel gave 9 mkg./cm.’, 
the various alloyed gas welds with different rods 6-8 
mkg./cm.,* and the shielded arc rods about 7 mkg./cm.’ 

In the range 0 to —50° C. austenitic rods yielded the 
best results. These were improved by stress annealing 
but decreased 10 to 25% by normalizing. 

Fatigue Strength of Unmachined Fillet and Butt Welds.- 
Metallic arc fillet and butt welds in 0.59-in. thick plates, 
containing 0.09 C, trace of Si, 0.41 Mn, 0.012 P, 0.013 S, 
0.013 Cu, 0.14 Cr and 0.10 Ni, and made with heavily 
covered electrodes (0.1 C, up to 0.1 Si, 1.5 Mn), showed a 
reversed bend endurance limit of 12,800—14,200 psi. (10 
million cycles). 


Chromium-Nickel-Molybdenum Steels 


On the basis of the S-curve calculations the approxi- 
mate maximum safe cooling rates to avoid martensite 
formation in a steel containing 0.42 C, 0.78 Mn, 0.80 
Cr, 1.79 Ni and 0.33 Mo is 7° F./min. in the temperature 
interval between Ae, and 650° F. This indicates the 
desirability of preheating and/or delayed cooling. Mar- 


tensitic structure found in depositing beads on a 2'/»-in. 
cast steel bar containing 0.26 C, 0.30 Si, 0.47 Mn, 0.87 
Ni, 0.50 Cr and 0.37 Mo was absent when preheated to 
200° F. Preheating steel '/2 in. thick containing 0.35 
C, 0.56 Mn, 0.23 Si, 3.62 Ni, 0.95 Cr and 0.34 Mo to 
250° C. prevented cracking, although the average hard- 
ness of the heat-affected zone was only reduced slightly. 
Use of austenitic electrodes prevented cracking without 
preheating. 


Chromium-Vanadium Steels 


Tensile Properties—Most of the steels in this group 
contain about 1% chromium and 0.15—-0.25% vanadium. 

Using low carbon or Cr-Mo rods with neutral flame 
in very thin sheets (0.04 in.), Cr 0.45 to 1%, V 0.25 to 
0.40%, tensile properties were obtained equal to the 
plate material 95 to 100,000 psi. Heat treatment—oil 
quench and 30 min. at 575° C.—improved the mechanical 
properties of the welded and unwelded material alike. 
Also in the heat-treated condition fracture occurred 
almost exclusively outside the weld. Both the Cr-Mo 
and plain carbon steel rods produced welds as strong 
and as ductile as the unwelded sheets in the heat-treated 
state. All the welds proved free from crack susceptibil- 
ity as tested by the Focke-Wulf method. Weldability 
and mechanical properties were equal to those of Cr-Mo 
aircraft steels. 

The approximate maximum safe cooling velocity to 
avoid martensite formation in a steel containing 0.43 C, 
0.74 Mn, 0.92 Cr and 0.16 V is 110° F./min. in the tem- 
perature interval between Ae, and Ar’ — 100° F., on the 
basis of the S-curve calculations. Wth suitable Cr-V 
shielded arc electrodes, welds in S.A.E. 6120 plates '/» in. 
thick containing 0.15—0.25 C, 0.30—0.60 Mn, 0.80—1.10 Cr 
and 0.15 V are equal in tensile strength and ductility 
to the parent material (T.S. 71,000-78,000 psi.). 


High-Phosphorus Chromium Steels (Cor-Ten) 


Are and gas welds in '/»-in. thick plates of these steels 
are readily made. Tensile strength, ductility and im- 
pact values are equal to the base metal. On the basis of 
the S-curve calculations, the cooling rate of a steel 
containing 0.08 C, 1.10 Cr and 0.175 P may be as high 
as 5000° F./min. in the temperature interval between 
T)(Ae) and 650° F. without causing martensite to form. 


Chromium-Molybdenum Steels (Not Aircraft) 


Welded Cr-Mo Power Plant Tubing.—-Quarter-in. 
thick tubes of 0.12-0.17 C, 0.15—-0.25 Si, 0.4-0.6 Mn, 
0.45-0.65 Mo and 0.70-0.90 Cr can be welded by gas or 
shielded arc with tensile strength (72,000 psi.) equal to, 
and elongation (20%) approaching, that of the base 
metal, with the use of Cr-Mo filler metal and subse- 
quent normalization. Specimens from thicker tubes 
yielded poor bend angle values before normalizing (even 
with reinforcement removed), but gave 180° bends when 
normalized. The average impact strength of specimens 
(6 tests) with the notch placed in the center of the weld 
was 32 ft.-Ib.; at the weld junction the value was some- 
what higher 35 ft.-lb.; the impact strength of the un- 
welded material was 45—54 ft.-Ib. 

Creep Strength of Cr-Mo Tubing.—The tensile strength 
at 500° C. of 7/s-in. thick arc-welded tubing containing 
0.12 C, 0.8 Cr and 0.4 Mo equaled that of the parent 
metal, 62,000 psi. Heat treating ('/2 hr. 900° C., air 
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cooled + '/: hr., 650° C.) increased elongation in 4 in. 
from 22.3 to 31.6%. The limiting creep strength is 
greater after annealing; taking 300 hr. as a criterion it is 
about 37,000 psi., for the as-welded specimens and 44,000 
psi. for the normalized and annealed specimens. 


Plain Carbon Steel 


Chromium-bearing rods used in making gas welds in 
*/s and 1'/,-in. thick boiler plate containing 0.16 and 
0.27% carbon hire tensile strengths equal to the 
base metal 58,000 (0.16 C) to 70,000 (0.27 C) psi. The 


Low-Alloy High-Strength Chromium Steels (Cr < 


Introduction 


HE first problem that confronted the authors of 

this review in the way of coordinating the mate- 

rial contained therein was one of classification. 
To put the problem more specifically, by way of illus- 
tration, it was this: Should an alloy steel containing 
about 3% Ni and 1% Cr be included in this report, or 
does it more properly belong in a review of Ni alloy steels? 
Even on a purely metallurgical basis the answer is con- 
troversial and would involve a knowledge of the relative 
contribution of each alloying element toward enhancing 
the physical properties of the steel, but welding com- 
plicates the matter still further. From the standpoint 
of welding, a logical classification would be based on the 
relative weight of these alloying elements in their in- 
dividual effects on the welding operation and the strength 
of the welded joint as a function of the welding vari- 
ables. Unfortunately, however, the available data con- 
sist of a series of isolated facts, obtained under variable 
experimental conditions of testing on a large number of 
alloy steels of various alloy combinations that permit 
very little generalization regarding the individual ef- 
fects of each alloying element. 

In the absence of a more scientific basis of classification, 
the authors have had no choice but to include in this 
review all the steels that contain chromium as an alloy- 
ing element (up to 1% in Part I, all higher contents in 
Part Il), whether or not the latter is the major alloying 
element. Wherever obvious similarity of testing, com- 
position and reliability warranted, however, an attempt 
has been made to generalize on the effect of chromium 
on the welding variables and the properties of the welded 
joint. 


General Effects of Chromium 


Weldability vs. Hardenability 


The two chief troubles encountered in welding 
low-alloy high-strength steels are: (1) the formation 
of a hard, brittle zone in the heat-affected area adjacent 
to the weld, and (2) cracking, either in the weld proper 
or longitudinally along the junction between the weld 
metal and base metal. Whether or not there is a defi- 
nite relationship between the two phenomena has not 
been established. The formation of the hard zone is a 
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Cr content of the rods used varied from 0.35 to 0.82% 
The higher chromium rods gave somewhat higher tensile 
strengths but poorer ductility. For the thicker mate. 
rial the bend angle never reached 180° even after ap. 
nealing or normalizing, which suggests to the authors of 
the investigation an upper limit of °/s-in. thickness for the 
best gas welds. 

Notch Impact Strength.—None of the welds in either the 
*/s or 1'/,-in. plates showed the required 8 mkg./cm.: 
(German Specification) notch impact strength in the 
as-welded condition. Upon normalizing, however, the 
impact strength rose considerably above the required 
value. 


1%) 


direct result of the general effect that alloying elements 
have in increasing the hardenability of a steel. The 
mechanism whereby this is achieved is best illustrated 
by the so-called S-curve—a plot showing the rates of 
transformation of austenite at constant subcritical tem- 
peratures. In Fig. 1 (taken from Davenport’) is illus 
trated the effect that increasing additions of chromium 
have on the shape and position of the S-curve. By 
shifting the curve to the right along the time axis, the 
critical cooling velocity of the steel is decreased and the 
probabilities of forming the brittle martensite constituent 
thereby enhanced. To avoid the fgrmation of this hard 
constituent, very slow cooling rates, much slower than 
those obtaining when an alloy steel weld is cooled in air, 
are often necessary. The relationship between harden- 
ability and weldability therefore becomes all too ob- 
vious—the one is the antithesis of the other. 

In addition to shifting the S-curve to the right and 
thereby reducing the critical cooling velocity of the steel, 
increasing additions of Cr modify the curve in one more 
aspect: it introduces a new transformation velocity 
maximum at about 900° F. between the pearlitic (Ar’ 
at about 1100° F.) and martensitic (Ar’’) transforma 
tions: The nature and properties of the product of tis 
transformation (often referred to as Ar’’’) are still ob 
scure, but its significance with reference to weldability 1s 
obvious, for as one can readily see from graphs 3 and 4 o! 
Fig. 1, it is this transformation, more than the upper 
pearlitic transformation, that would decide whether or 
not a steel will transform into martensite at certain rates 
of cooling. 

Based on such considerations, Aborn’ has calculated 
from S-curve data the approximate maximum safe cool- 
ing rates commensurate with avoiding the hard and 
brittle martensitic structures for a series of chromium al 
loy steels. These are shown in Table 1. The values are 
approximate in that the calculation involves certain 
assumptions when transferring constant temperature 
decomposition data to continuous cooling conditions 
As can be readily seen, an increase in chromium from 
0.57 to 0.93% reduces the maximum safe cooling rate 
in the temperature interval between 7)(Ae;) and 7; — 
100° F. by almost one-half (240 to 130° F./min. 
Further increase to 1.97% (C 0.32%) reduces the 
approximate maximum safe cooling rate in the same 
temperature interval to 19° F./min.; in the latter case, 
however, due to changes in the S-curve shape immedi- 
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Fig. 1—Effect of Chromium on the Isothermal Transformation Curve of Medium Carbon Steels. Davenport! 


ately above the martensite transformation temperature, 
an approximate cooling rate of 66° F./min. in the tem- 
perature interval between 7) and 650° F. is sufficient 
to avoid martensite formation. 

With reference to the applicability of the above data 
in practice, the reviewers would like to offer one criticism, 
as follows: In an actual welding operation some parts 
of the heat-affected zone undoubtedly do not reach a high 
enough temperature or long enough time to bring about 
full austenitization. Those parts will, therefore, con- 
tain some austenite of vastly different composition from 
that on the S-curve data of which the calculations have 
been made, which would modify these safe maximum 
cooling rates. 


Effect of Chromium on Maximum Weld Hardness 


French and Armstrong’ have investigated the maxi- 
mum hardness attained in a metallic arc-welded steel 


Table 1—Calculated Approximate Maximum Safe Cooling 


Steel Type Cc Mn Cr 
Cor-Ten 0.08 0.26 1.10 0.175 P 

chromium 0.42 0.68 0.93 bas 

0.32 0.45 1.97 hen 

Cr-Ni 0.38 0.72 0.49 1.32 Ni 
Cr-Mo 0.37 0.77 0.98 ).21 Mo 
Cr-\V 0.43 0.74 0.92 ).16 
Cr-Ni-Mo 0.42 0.78 0.80 1.79 Ni 0.33 Mo 
0.11 0.38 5.46 0.42 Mo eee 


* Based on S-curve data from U. S. Steel Laboratories 

1 = Temperature of upper (Ar’) maximum transformation rate. 
f; = Time interval for complete transformation at Ar’. 
Corrected for coarsened austenite 
= Time for complete transformation at 650° F. 
Nore: The safe maximum cooling rate is the larger of r and r’ 


+ 


containing 1% Cr and carbon contents from 0.1-0.5°%, 
the weld consisting of a surface single bead deposited 
from a */,-in. diam. heavily coated electrode at the center 
line of a 6-in. wide plate ('/.x 6x 9in.). The bead was 
started 3 in. from one end of the plate and ended 3 in. 
from the other end, the arc traveling at a speed of 4—6 in. 
per minute. Hardness surveys were made on a section 
one inch from the start of the weld. The results are sum 
marized in Table 2. The addition of 1° chromium 
raised the maximum weld hardness at all carbon levels 
(0.1-0.4%) by approximately the same amount, e.g., 
100 Vickers Brinell units, above those prevailing at the 
particular carbon content. Compared on a weight 
percentage basis with other alloying elements tested 
under the same experimental conditions, chromium 
proved less potent than Mo or Mn but more effective 
than Ni in increasing the maximum weld hardness. 
Schulz and Bischof"! have found that the addition of 


Rates* in Welding Low Chromium Alloy Steels. Aborn’ 


Max. Safe Alternative 


Min. Safe Cooling Min. Safe Alternative 
Time Interval Rate Be- Time Inter Max. Safe 
Between tween val Between Cooling Rate 
Temp.t and (7; — and (7; — T» and Between 7> 
Ae Temp. (7: — 100) 100° F.), 34 100° F.),r 650° F and 650 
To (° F.) (° F.) (Sec.)¢ (° F./Min.) 3%’ (Sec F./Min.) 
1400 1100 905 200 9 5000 
1345 1050 75 240 420 a9 
1360 1100 120 130 600 71 
1410 1180 720 19 690 66 
1305 1000 180 100 1200 33 
1365 1125 1200 12 720 60 
1365 1100 150 110 1260 3 
1300 1100 39,000 0.3 6000 7 
1475 1250 8100 1.7 1800 28 
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1% chromium to small steel specimens containing - 


0.2 C, 0.50 Mn and 0.25 Si has practically no effect on 
their hardness when they are cooled in air at a rate of 
30° C./see. at 800-400° C. Ata cooling rate of 50° C./ 
sec., however, small additions of chromium up to 1% do 
increase the hardness (maximum 50 Bhn), but further 
increase in chromium has no effect. The above cooling 
rates were chosen to correspond to those obtaining in 
in the transition zone of a single bead arc weld deposited 
on a plate 50 mm. (1.97 in.) thick. In view of the slight 
increase in hardness, the author argues that one cannot 
speak of martensite formation in the transition zone of 
such a weld, even though the microstructural constituents 
have a needle-like appearance. 


Table 2—Effect of 1% Chromium on Maximum Weld Hard- 
ness.* French and Armstrong’ 


Approx. Max. 
Weld Hardness 


Max. Weld with no Cr Addi- 
———Composition, % Hardness, tions, t Vickers 
Mn Si Cr Vickers Brinell Brinell 
0.09 0.62 0.17 0.99 227 145 
0.20 0.54 0.20 1.00 272 170 
0.32 0.538 0.20 1.03 375 250 
0.41 0.38 0.20 1.00 494 360 


* Single bead welds deposited at 5 in. per min. with */j.-in. 
heavily coated electrodes on '/,-in. plates, 6 x 9 in. 
+t Reported by French and Armstrong from various other sources. 


Dearden and O'Neill‘ report the results of Subcommit- 
tee R.11 of the British Institute of Welding on the effect 
of various alloying elements on the maximum weld 
hardness, the tests having been performed on a fillet weld 
of 0.045 sq. in. in '/>-in. plates. Chromium was found 
to be one-fifth as efficient as carbon. Knowing the 
individual effect of each alloying element with reference 
to carbon, the authors assign to each element a so-called 
“hardening coefficient of carbon equivalence,’’ the latter 
quantity for chromium being 0.20. Adding up these 
values for any one steel, its total ‘‘carbon equivalence’’ is 
obtained. With the aid of a plot showing the effect of 
carbon on maximum weld hardness, one can then easily 
calculate the latter quantity for any alloy combination. 
It should be noted, however, that this calculated value is 
based on the assumption that the effects of the alloying 
elements on maximum hardness are additive, which may 
or may not be correct, although in most cases the au- 
thors found good agreement between experimental and 
calculated values. Thus, the experimentally determined 
maximum hardness in a standard size (0.045 sq. in.) 
fillet weld of a steel containing 0.184 C, 0.82 Mn, 0.83 Cr, 
0.31 Cu was found to be 384 (Vickers Diamond Hard- 
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Fig. 2—Effect of Precooling to 5-10° F. on the Maximum Weld 
Hardness of 1% Chromium Steels. French and Armstrong’ 


NOTE: Tests on single bead welds in '/;-in. plates; arc travel = 
5 in. per minute. 


ness); the calculated value is 385 VDH, corresponding to 
a “carbon equivalence’ of 0.487. The value of such a 
calculation is this: if a danger point of weld hardening 
can be fixed, then the limiting “carbon equivalence’ 
can be assigned to a steel, and its alloy as well as carbon 
content controlled correspondingly. 


Precooling and Preheating 


Precooling the plate increases the temperature gradi- 
ents, causes somewhat faster cooling of the heat-affected 
zone, and clearly results in increases in maximum weld 
hardness. In Fig. 2, from the tests of French and Arm- 
strong, this effect is shown in a 1% chromium steel as a 
function of carbon content when the plate was pre- 
cooled to 5-10°F. It is interesting’ to note that at low 
carbon contents the effect of precooling is smaller than 
when the carbon content is increased. Preheating, on 
the other hand, as one would expect since it lowers the 
cooling rate, decreases the maximum weld hardness. 
Some quantitative data on the effect of preheating on 
maximum weld hardness obtained by French and Arm. 
strong on various alloy steels are reproduced in Table 3; 
via illustration, the maximum weld hardness of a 1.03 Cr, 
0.18 Mo steel may be reduced from 500, when welded at 
70° F. to about 300 (Vickers), when welded at 900° F 
Needless to say, the absolute values reported apply only 
to the welding conditions under consideration. 


Other General Observations 


Crafts® states that the presence of chromium as a 
carbide-forming element is beneficial in welding in that it 
retards grain growth. To insure toughness in the weld, 
chromium should usually be present along with a high 


Table 3—Effects of Preheating and Strain Relieving on Weld Hardness* of '/,-In. Cr-Alloy Steel Plates. French and 


Armstrong’ 
Max. Weld Hardness in Vickers Brinell 
When Plate Welded at 
70° and 
Plate Stress Re- 
(+e —Composition- Cast or Hardness, lieved at 
Cc Mn Si Ni Cr Mo Wrought Brinell 70°F. 250° F. 600° F. 900° F. 1110°F 
0.29 0.83 0.24 2.20 0.68 0.25 Cast 255 575 480 415 hs 
0.40 0.76 0.39 2.10 0.79 Cast 265 610 570 455 515 
0.44 0.45 0.24 3.50 1.48 as Wrought 340 735 625 670 530 363 
0.21 1.00 0.28 2.56 0.13 0.27 Wrought 270 475 415 330 Be 7 
0.35 0.70 0.26 0.72 0.19 Wrought 265 440 355 315 ae 
0.34 0.56 ; 1.03 0.18 Wrought 201 502 4267 339 313 


* Single bead deposit. (Welding details not given.) 
+t Preheated at 300° F. 
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Table 4—Ductility of Butt Welds. Crafts 


Steel Containing 0.10% C, 0.09% P, 0.20-0.50% Cu 


Weld 
Type 0 Cr 0.5 Cr 1.0 Cr 1.5 Cr 0 Cr 0.5 Cr 1.0 Cr 1.5 Cr 
Bend Elongation, % 

Plain via 21 17 i 37 35 

Mn we 33 50 
Si os 20 23 31 oe 46 44 66 
Mo 15 18 ‘4 40 43 Zs 
Ni 4a 42 29 - 52 32 
Mn-Si 22 43 60 40 
Mn-Ni 33 43 ? 59 64 
Ni-Si 24 42 32 46 52 48 
Ni-Mo 34 24 24 52 48 i 


phosphorus content, according to the latter author. The 
beneficial effect of chromium in that direction is shown in 
bend elongation tests on butt welds in a '/2-in. thick 
plate of a high phosphorus (0.09%) steel, Table 4. 
Séférian® states that chromium generally hinders the 


Kiihnel® tested the effect of plate thickness and rod 
type on the bend ductility properties of weld beads de- 
posited on plates containing 0.16—0.20 C, 0.27-0.49 Si, 


cutting operation through the formation of stable Cr:Cs, 320 
but if its content is less than 2% the effect is insignificant. 300 | 0 Covered __, 
For contents between 2—5% greater heat is necessary, 3 Scored 
and if content is still greater, preheating is usually prac- 2 280 
ticed. P electrode 
460 
Chromium-Manganese Steels 
Vv 
c 220 
Liquid Properties of Weld Metal O 200 
Weidle’ investigated the liquid flow and penetration 1" 
properties of weld metal deposited with the oxyacetylene 
torch from rods containing 0.05-0.20°% chromium and 90 - 
about 1% manganese, paying particular attention to the 
effect of technique and flame manipulation. The weld , & 
metal was deposited in the form of 100-mm. (4-in.) long = 9 
beads by both the right-hand and left-hand techniques. 2 l 
As can be seen from Table 5, left-hand welding resulted c 
in greater spatter. It is interesting to note that the < 30-— 
only two rods that yielded a somewhat viscous weld metal 2 
contained higher percentages of silicon and in 
Table 5), although one cannot say with certainty that © 
silicon alone is responsible for it. TA TA TA . 
Tensile Properties and Bend Ductility te 6 HW 50 5b 50 
The oxyacetylene V butt welds made by Weidle’ Thickness inmm 
with the rods listed in Table 5 in 10-mm. (0.39-in.) SoC 419 48 an 
thick plain low carbon steel plates (0.09 C, 0.06 Si, 0.46 ToS} 036 O57 438 099 G27 av 
Mn) withstood a bending angle of 180° (free bend test), #2 
with one exception— the weld that contained 1.35% %P 103 483 4033 
chromium (Table 6). However, after milling away 
enough metal from the root to make another V, 5 mm. bu = 095 O92 497 
deep and 10 mm. wide, and rewelding it, the weld yielded 032430 436 


a bend angle of 180°. (Heat treatment of the welds is 
not stated, but presumably tested in the as-welded 
condition. ) 


Table 5—Liquid Metal Properties of Low Cr-Mn Rods. Weidle’ 


Fig. 3—Effect of Plate Thickness on Bend Angle and Weld 
Hardness. Kiihnel* 


—_——Spatter— 
Left-Hand 


Degree of 


——Chemical Composition of Rod——~ Diameter, Right-Hand Penetration, * 
Rod & Si Mn Cr Mm. Flow Welding Welding E/R 
S: 0.19 0.15 0.88 0.07 4 Good Little Much 0.90 
Se 0.18 0.30 0.92 0.05 4 Viscous Much Very much 1.05 
Ss 0.17 0.15 0.48 0.07 4 Very good Little Very much 1.12 
Ss 0.11 0.13 1.32 0.05 4 Good Little Very much 0.80 
S 0.20 0.28 0.94 0.17 4 Good Little Very much 0.85 
Ss 0.25 0.08 1.34 0.05 4 Good Little Very much 0. 57 
Su 0.11 0.31 0.46 1.35 4 More viscous Very little Little 0.87 

* E = depth of penetration; R = height of bead above plate level. 
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Table 7—Tension Tests, 0.505-In. All-Weld-Metal Specimens. ‘/,-In. Plate. Dawson and Lytle’ 
Yield Point, 


Weld Treatment Psi. 
H-81 As-welded 40,000 
H-82 110°C 24 hr. 40,000 
H-83 Lae” 48 hr 39,500 
H-84 110° C.— 72 hr 43,300 
H-85 110°C 168 hr. 41,500 
H-86 300° C 1 hr. 40,000 
H-87 300° C.- 5 hr. 41,000 
H-88 300° C.- 24 hr. 41,500 
H-89 650° C.- 1 hr. 42.000 
1.01-1.42 Mn, 0.30-0.36 Cr and 0.42-0.53 Cu. Beads 


deposited with cored rods were less deformable than those 
made with coated rods. Deformability decreased as the 
thickness of the plate increased (Fig. 3). A definite in- 
verse relationship between weld hardening and bend 
angle was evident, the effect of the former becoming in- 
creasingly greater as the thickness increased, until 
at 50 mm. (1.97 in.) it completely overshadowed the 
effect caused by the differences in electrode type. The 
author concludes that for thicknesses under 30 mm. 
(1.18 in.) good deformability is obtained in each case; 
above 30 mm. (1.18 in.), however, the effect of the type 
of electrode used is negligible and the thickness (due to 
weld hardening) becomes the controlling factor. Essen- 
tially the same results were obtained when the test speci- 
men consisted of a V butt-welded joint under longitudi- 
nal bending. 


Table 6—Bend Angle Tests of Oxyacetylene Butt Welds 
Made with Low Cr Rods. Weidle’ 


Visual Ob- 
servation or 


—Bend Angle-——— 
Over the Root 


Rod* Over the Seam Penetration 
S: 180° First cracks at 180° Very good 
Se Cracked on top side Broke at 180° Fair 

at 180° 
Ss First crack in cen- First crack at 180° in Fair 
ter of root at 180° transition zone 
Ss 180° Cracked near the weld Good 
at 180° 
S 180° Cracked near the weld Very good 
at 170° 
So 180° Same as S¢ Very good 
Su 180° 105°, broke near the Fair 
weld 


* For chemical analysis see Table 5. 


The ductility of oxyacetylene welds, made with rods 
containing 0.12 C, 1.10 Mn, 0.20 Si and 0.30 Cr to butt 
join */,-in. plates of 60,000-65,000 psi. tensile strength, 
can be increased from 14.5 to 26% elongation by aging at 
relatively low temperatures (24 hr. at 300° C.), without 
at the same time reducing their tensile properties, ac- 
cording to tests carried out by Dawson and Lytle.® 
The welds, of the single-vee type, were deposited in 


Tensile Strength, Elongation, Reduction of 

Psi. %, 2 In. Area, % 
73,600 14.5 28.2 
75,500 15.5 28.0 
72,300 14.5 28.5 
75,200 16.5 35.0 
76,200 19.5 40. 
73,700 22.2 48.1 
78,000 24.5 62.5 
75,000 26.0 57.5 
71,600 27.0 63.0 


temperature heat treatments on the tensile properties of 
all-weld-metal cut from the joints are shown in Table 7. 
The response to treatment at 110° C. was sluggish, but a 
marked improvement in ductility was obtained on aging 
at 300° C. (from 14.5 to 26% elongation); the tensile 
strength and yield point values were hardly affected. 
To study the effect of time at 110° C., the entire welded 
plates were held for periods up to 576 hr. at that tempera- 
ture, the result being a gradual rise in per cent elongation 
and reduction of area (Table 8), 576 hr. at 110° C. 
being equivalent to 24 hr. at 300° C. To further con. 
firm these results the authors performed similar tests 
on weld metal deposited from somewhat different rods, 
holding each weld 96 hr. at 110° C. or 1 hr. at 650° C. 
(Table 9). In both treatments the elongation per cent 
(2 in., 0.505-in. tensile specimen) was increased by more 
than 30%. It is interesting to note that these welds 
made with rods containing small additions of Cr (0.30°;) 
or Cr + Cu (0.30% Cr + 0.50% Cu) responded to the 
treatment even more vigorously than those deposited 
by plain carbon steel rods of similar carbon content 
The authors know of no explanation for this improvement 
in ductility by aging except to suggest that the process 
might involve the removal of H; that usually lowers duc 
tility. From a practical standpoint, of all the tempera 
tures and times tested, the l-hr. treatment at 300° C. 
appears to be the most effective; at 110° C., intervals 
exceeding 500 hr. are necessary. 


Table 8—Effect of Time at 110° C. on Ductility of Entire 
Welded Plate. Dawson and Lytle’ 


Tensile Elonga- Reduction 
Time, Yield Point, Strength, tion, %, of 
Hr. Psi. Psi. 2 In. Area, % 
72 43,500 70,800 14.2 34.5 
144 42,200 72,200 17.0 35.7 
295 41,500 70,100 21.0 42.0 
432 41,500 72,200 19.8 36.0 
576 41,200 71,700 25.0 46.0 


The aging treatments had little or no effect on either 
the hardness or impact properties of the welds. For 
example, after 96 hr. at 110° C. there was an average 
increase of one or two points Rockwell B, and after | hr 


either three or four layers. The effects of various low- at 650° C. there was a loss of about two points. The 
Table 9—Effect of Aging on Low-Chromium Steel Oxyacetylene Welds. Dawson and Lytle’ 
0.505-In. All-Weld-Metal Specimen 
te Elongation, %, 2 In. Reduction of Area, % 

hy Mn Si Cr Cu As-Welded 96 Hr. 1 Hr. As-Welded 96 Hr. 1 Hr 

0.10 0.74 0.15 0.31 19.5 27.5 25.0 40.1 45.9 38.6 
0.12 1.10 0.21 0.32 t 16.5 22.0 21.0 28.5 40.5 47.0 
0.09 1.05 0.11 0.31 0.52 20.5 27.0 27.7 36.0 55.7 47.2 
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Table 9a—Chemical Composition of Cr-Mn Steels Used by Eilender, Arend and Schmidtmann"” 


Aluminum 
Addition, 

Steel % | % Si, % Mn, % 
A F 0.22-0.28 Up to 0.35 Up to 0.7 
1 0.01* 0.13 0.14 1.82 

0.08t 0.12 0.14 1.75 
2 0.01 0.15 0.14 1.85 
0.08 0.15 0.19 1.80 
3 0.01 0.19 0.15 1.52 
0.08 0.18 0.14 1.52 
4 0.01 0.21 0.25 1.32 
0.08 0.21 0.23 1.25 
5 0.08 0.22 0.28 1.47 


5-6 A.S.T.M. grain size. 
+8 A.S.T.M. grain size. 


impact strength was improved by about five points (Izod 
tests), e.g., from 45 to 50 ft.-lb. by the 110° C. treatment. 

Oxyacetylene butt welds in 1- and 1.5-mm. (19- and 
16-gage) Cr-Mn sheets (0.12-0.22 C, 0.80-1.07 Cr and 
|.25-1.85 Mn) made with base metal filler rods showed a 
tensile strength in the as-welded condition equal to 
that of unwelded sheets, according to tests by Eilender, 
Arend and Schmidtmann** (Tables 9a and 9b). The 
sheets fractured invariably outside the weld and yielded 
the maximum breaking strength when welded in the 
normalized condition ('/, hr. at 860° C. and air cooled, 
Table 9d). 


Crack Sensitivity and Weld Hardness 
The thin Cr-Mn sheets of the latter authors were free 


Special Alloy 


P, % S,% Cr, % Elements 


Up to 0.020 Up to 0.015 0.9-1.2 0.15-0.25 Mo 
0.020 0.023 0.99 
0.017 0.023 0.99 
0.022 0.025 1.06 
0.016 0.020 1.07 
0.023 0.020 0.96 
0.018 0.017 0.99 
0.014 0.020 0.80 
0.012 0.019 0.80 
0.032 0.015 0.81 0.25 V 


from weld crack sensitivity in the Focke-Wulf tests, 
even though some of them had a P + S content exceeding 
0.066%—the danger point for Cr-Mo aircraft steels. 
The maximum weld hardness of welds in soft-annealed 
sheets was 320 Vickers. Welds in hardened plates 
hardly showed hardness maxima. In any case, heat 
treating after welding yielded a uniform hardness dis- 
tribution (Fig. 4). 


Impact Strength 


Schulz and Bischof"! have found that chromium up to 
0.5%, added to a steel containing about 0.69% Mn, re- 
duces the impact strength of the steel only slightly 
(from 10 to 8 mkg./cm.*), when the steel is cooled from 
1350° C. in air at a rate of 30-40° C.?sec. at 800-400° C. 


Table 95—Tensile Strength of Oxyacetylene Butt Welds in Thin Mn-Cr Sheets. Eilender, Arend and Schmidtmann”™ 


(Specimen Tested As-Welded. Values in Psi.) 


— ——————Heat Treatment Prior to Welding ~ 
860° — 860° C. 
Aluminum Sheet Soft Annealed, Normalized, Oil + '/, Hr. Oil +'/, Hr 
Addition, Thickness, 1 Hr. 640° C., '/, Hr. 860° C., 600° C. 500° C 
Steel % Mm. Rolling Direction Air Cooled Air Cooled — Oil — Oil 
1 0.01 1.0 Longitudinal 84,200 127,600 120,200 125,300 
Transverse 83,900 125,200 121,200 124,300 
1.5 Longitudinal 82,300 124,400 117,200 123.600 
Transverse 82,800 123,600 118,000 122.000 
0.08 1.0 Longitudinal 82,500 129,100 117,700 124,100 
Transverse 82,800 127,200 116,300 125,700 
1.5 Longitudinal 81,500 122,700 114,800 122,300 
Transverse 80,900 125,200 114,800 120,800 
2 0.01 1.0 Longitudinal 92,500 131,500 124,400 128,800 
Transverse 89,200 130,500 125,500 130,200 
1.5 Longitudinal 89,700 130,500 123,200 129,700 
Transverse 88,500 124,300* 114,100* 128,800 
0.08 1.0 Longitudinal 87,800 131,000 115,800* 127,900 
Transverse 88,200 130,900 122,200 129,100 
1.5 Longitudinal 88,800 129,100 120,500 128,700 
Transverse 86,400 127,600 121,000 128,400 
0.01 1.0 Longitudinal 100,300 141,200 129,600 136,500 
Transverse 99,100 137,100 128,400 134,100 
1.5 Longitudinal 91,700* 128,600* 129,400 135,400 
Transverse 97,400 137,500 127,900 135,100 
0.08 1.0 Longitudinal 98,600 140,400 127,600 134,800 
Transverse 98,900 136,900 126,200 134,000 
1.5 Longitudinal 97,700 137,000 123,000* 133,600 
Transverse 89,700* 138,700 124,900 136,100 
4 0.01 1.0 Longitudinal 104,000 142,500 138,400 149.600 
Transverse 103,500 141,800 131,600 147,900 
1.5 Longitudinal 102,800 141,200 136,800 147,300 
Transverse 102,100 139,800 132,600 149,700 
0.08 1.0 Longitudinal 103,500 141,600 136,400 147,500 
Transverse 99,700 139,500 134,500 147,600 
1.5 Longitudinal 100,100 140,500 133,000 143,300 
Transverse 99,300 140,800 131,900 145, 100 
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Above 0.5%, however, there is a sudden sharp drop. 
In the normalized state, chromium up to 0.6% raises the 
impact strength (from 13 to 17 mkg./cm.*) (Fig. 7 and 
Table 13). Although these tests were not performed 
on actual weld specimens, the results may be applied to 
the as-welded transition zone of a single bead arc weld 
deposited on a 50-mm. (1.97-in.) plate, since the cooling 
rate of the specimens (30-40° C./sec.) is equivalent to 
that found in the transition zone. 


Welding Boiler Plate with Low Cr-Mn Rods 


Weidle’ investigated the bend ductility, hardness and 
impact properties of gas welds in 15- and 25-mm. thick 
boiler plates (0.59 and 0.98 in. thick) made with the low 
Cr-Mn rods listed in Table 5. The 15-mm. (0.59-in.) 
plates (0.08 C, 0.35 Si, 0.46 Mn, 0.01 S and 0.01 P) were 
V butt welded, with the roots rewelded after shaping 
them into small V forms ( 5 mm. high, 10 mm. wide); 
the 25-mm. (0.98-in.) plates (0.12 C, 0.49 Mn, 0.20 Si, 
0.01 S and 0.01 P) were X welded simultaneously from 
both sides in the upright position. In the latter type of 
joint, after welding about one-half of its length (70-80 
mm.), (2.75-3.15 in.) the weld was heated to red heat 


15-Mm. Plates, V-Joint 


Annealed 1 Hr., 940° C., 


7@ 6 6 7@ 


Distance From Weld (mm) 
Fig. 4—Effect of Heat Treatment on Weld Hardness. Eilender, Arend and Schmidtmann** 


and hammered. The same treatment was given the 
other half after finishing. 

As shown in Table 10, neither the 15-mm. (0.59-in. 
nor the 25-mm. (0.98-in.) plates reached a bending 
angle of 180° in the as-welded condition. After an an- 
nealing treatment of 1 hr. at 940° C. followed by fur- 
nace cooling, the 15-mm. (0.59-in.) plate welds did reach 
a 180° C. bend angle, the 25-mm. (0.98-in.) plate welds 
did not, although marked improvement was evident. 
The significance of annealing is obvious. 

Brinell hardness surveys across the weld (10-mm. ball, 
1000-kg. load) revealed a maximum in the weld proper, 
dropping sharply to the value of the plate. The general 
shape of the hardness distribution plot is shown in Fig. 5. 
Annealing 1 hr. at 940° C. and furnace cooling reduced 
the maximum weld hardness by 20-30 points. 

Notch impact specimens, with notches of 2-mm. diame- 
ter and 3-mm. height placed in either the weld metal 
proper, its root or the transition zone, were cut from the 
joints as shown in Fig. 6. On the basis of the average 
values obtained from the three different notch positions 
(Table 11) the author concludes that none of the welds 
attained the minimum required 8 mkg./cm.* value for 


25-Mm. Plates, X-Joint 
Annealed 1 Hr., 940° C., 


As-Welded Furnace Cooled As-Welded Furnace Cooled 
Over Over Over Over Over Over Over Over 
the the the the One Opposite One Opposite 
Rodt Root Weld Root Weld Side Side Side Side 
Si 115 85 180° 180° 160 Cracked 180° 180° 
Se 85 120 180° 180° 100 170 170 170 
Ss 140 120 180° 180° 55 55 80 85 
Ss 100 155 180° 180° Cracked Cracked 180 170 
S: 100 110 180° 180° 150 80 180 160 
So 110 80 180° 180° 145 90 180 120 
Su : 165 Cracked 180 180 


} For chemical analysis see Table 5. 
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* 15-Mm. plate: 0.08 C, 0.35 Si, 0.46 Mn, 0.01 S, 0.01 P. 25-Mm. plate: 0.12 C, 0.49 Mn, 0.20 Si, 0.01 S, 0.01 P. 
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As-Welded. Notch in 


Table 11—Notch Impact Strength of Oxyacetylene Butt Welds in Boiler Plate (Mkg./Cm."). Weidle’ 


Annealed 1 Hr. 940° C., Furnace Cooled. Notch in 


Transition 


Transition 
Rod Weld Zone Root Average Weld Zone Root Average 
15-Mm. Boiler Plate* 

S, 9.5 12.2 9 10.2 4.9 1.2 1.0 2.5 
Ss 6.3 12.1 5.4 7.0 4.0 2.8 2.0 6.2 
Ss 6.0 8.0 2.2 5.5 6.5 10.0 4.5 7.0 
S. 10.0 2.0 2.0 4.8 11.9 10.2 5.4 9.2 
S 4.3 6.0 1.5 4.0 11.8 14.2 9.0 11.5 
S, 7.2 7.8 2.6 5.8 7.5 12.2 2.0 7.2 
Sit 5.6 10.9 

(a) ‘'/g Hr. 940°C. Air cooled 6.33 

(6) '/,Hr. 940° C. Water quench, annealed at 650° C. 14.82 

25-Mim. Boiler Plate 

Si 11.0 14.3 0.5 8.5 1.5 1.5 1.0 1.3 
S: 8.5 10.5 4.0 7.5 4.0 14.0 1.0 6.3 
Ss 6.5 6.5 7.3 6.8 6.5 16.5 9.0 10.8 
Ss 10.0 15.5 1.2 9.0 11.2 13.2 2.2 9.0 
S: 9.5 19.8 3.5 11.0 9.5 7.6 10.0 9.0 
Ss 9.2 10.8 2 a.m 6.5 12.5 4.0 7.5 
Su 10.2 3.0 9.5 7.5 18.2 24.5 5 16.0 


* Notch impact = 13.5 mkg./cm.?. 


boiler plate. Annealing 1 hr. at 940° C. generally de- 
creased the notch impact strength, according to the 
author. In the opinion of the reviewers, however, this 
conclusion is hardly justified in view of the scatter in the 
experimental data. The position of the notch affected 
the impact strength, although no unidirectional trend 
could be noted, some specimens showing better values 
in the transition zone, others in the weld. Perhaps the 
only consistency was obtained in the root notched speci- 


om 


“4 
” 

Be 
Ti} 
— d 

No. of Impressions 

~ 
B: 
x 
— 

2 - 
a 
— 
be 


No. of Impressions 


Fig. 5—Hardness Distribution in Welded 25-Mm. Boiler Plate. 
Weidle’ 
A—as-welded. B—annealed 


Tran sition 
Transition 
Weld Weld 
Fig. 6—Size and Notch Location of Impact Test Specimens Used 


by Weidle’ 


mens, the latter showing the least impact strength in 
most cases. Considerable improvement in impact 
strength was obtained in one specimen (.S,,) by annealing 
'/; hr. at 940° C., water quenching and re-annealing at 
650° 

Welding Rail Steel with Low Cr-Mn Rods 


Moore, Thomas and Cramer" tested the static and 
dynamic properties of gas welds in rails (0.70-0.71 C, 
0.76-0.81 Mn, 0.15-0.19 Si, 0.020—0.023 P, 0.024—-0.037 
S) made with welding rods containing either (a) 0.45 
0.50 C, 1.00 Mn, 0.45 Si, 1.00 Cr, or (6) 0.20-0.40 C, 
0.85-1.15 Mn, 0.15 Si, 0.90-1.25 Cr and 0.10—-0.30 V. 
The welds made with rod of type a were heated with a 
torch for a distance of 3'/. in. on each side to a normaliz- 
ing temperature (1600° F.) as soon as they cooled down 
to black heat; those made with rod of type b were sur- 
rounded by a furnace heated to 1200° F. (stress relieving) 
and then furnace cooled slowly. From the results given 
in Table 12 it will be noted that none of the welds reached 
100% of the values of the unwelded rail steel. The 
welds made with rod } showed greater tensile and endur- 
ance strength, but lower ductility and impact tension, 
than those made with rod a. This difference may be 
attributed to the variation in heat treatment (stress 
relieving vs. normalizing), although judging from the 
values the trend is in the opposite direction from what one 
would expect. 
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Tensile Strength, 


* 2,000,000 cycles. 
t Rail—0.70-0.71 C, 0.76-0.81 Mn, 0.020—0.023 P, 0.024—0.037 S, 
0.45 Si, 1.00 Cr. 


and 0.10—-0.30 V. 


Table 13—Effect of Chromium on Impact Strength. Schulz 
and Bischof!! 


Notch Impact, 


Chemical Composition Mkg./Cm?.* 


Cc Si Mn Cr Normal- Air 
Steel Cr Steels ized Cooledt 
l 0.18 ae 0.59 0.19 13.3 10.7 
2 0.21 - 0.60 0.33 15.5 10.0 
3 0.21 tee 0.58 0.68 13.0 5.2 
4 0.20 ; 0.64 0.60 16.9 9.4 
Avg 0.20 0.60 
Cr-Mn Steels 
| 0.20 ie 0.64 0.60 16.9 9.4 
2 0.20 ‘% 0.83 0.60 17.6 9.1 
3 0.20 = 1.23 0.55 18.3 5.2 
4 0.19 af 1.10 0.65 16.0 6.2 


* DVMR test specimens. 

t From 1350° C.; cooling rate = 30-—40° C./sec. at 800-400° C. 
This cooling rate is equivalent to that of transition zone of a single 
bead arc weld in a 50-mm. plate. 


Chromium-Manganese-Copper Steels 
Tensile Properties 


One-half and one-in. thick plates (about 0.20 C, 0.80 
Mn, 0.83 Cr, 0.31 Cu; Table 14), joined by a single V 
metallic arc weld using a shielded low carbon electrode 
(weld metal: 0.06 C, 0.42 Mn, 0.179 Si and 0.026 S, 
0.026 P), yielded tensile and yield strength values that 
differed only slightly from those of the unwelded plates, 
according to tests carried out by Reeve'® (Table 15). All 
fractures occurred in the plate. Also Wilkinson and 
O'Neill" report that metallic arc welds in '/,- and '/2-in. 
thick plates containing 0.23-0.25 C, 0.10-0.19 Si, 0.82- 
0.103 Mn, 0.20—-0.46 Cr and 0.34-0.42 Cu made with low 
carbon steel shielded electrodes* proved as strong as the 
base plates under static tension. The values obtained 
for the welded and unwelded plates were 80,500—89,500 
psi. and 80,500—88,000 psi., respectively, with fracture 
occurring in the base plate of the '/,-in. and through the 
weld in the '/,-in. thick specimens. 


Shear Strength of End Fillet Welds 


Single-run end fillet welds in */,-in. plates of the steel 
used by Wilkinson and O'Neill'® (see above) and made 


Thickness, 
Type of Steel In. C,% Mn, % Si, % 
Cr-Mn-Cu i/s 0.184 0.82 0.067 
1 0.208 0.81 0.060 
Cr-Cu-Si-P 0.08 0.28 0.457 
1 0.094 0.27 0.457 
Cr-Mn-Si-Zr 0.11 0.55 0.78 
1 0.11 0.61 0.77 


Table 12—Test Results of Specimens Cut from Welded Rail Joints. 


able 14—Chemical Composition of Plates Tested by Reeve'’ 
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Moore, Thomas and Cramer” 


Reduction of Impact Tension, Endurance Limit, * 


1000 Psi. Afea, % Ft.-Lb. 1000 Psi 
Joint Head Base Head Web Base Head Web _ Base Head Web Base 
Unwelded rail 131 127 133 20 21 22 170 167 167 60 59 62 
Welded rail Af (torch normalized) 97 57 62 6 7 4 14 6 24 30 35 33 
Welded rail Bf (stress relieved, 
furnace cooled from 1200° F.) 105 72 85 2 3 2 5 11 8 55 50 44 


0.15-0.19 Si; gas welded with rod containing 0.45-0.50 C, 1.00 Mn. 


t Rail composition same as above; gas welded with rod containing 0.20—-0.40 C, 0.85-1.15 Mn, 0.035 P, 0.04 S, 0.15 Si, 0.90-1.25 Cr 


with a HT2{ or HT3{ electrode, withstood a breaking 
load of 77,400-85,500 psi., thus yielding a shear strength 
of 89,500-98,500 psi. 


Cracking Susceptibility 


A light single-run fillet weld in a '/:-in. plate con- 
taining 0.23 C, 0.94 Mn, 0.32 Cr and metallic are welded 
with an HT2electrode§ proved very susceptible to crack- 
ing in the Reeve test, according to the latter authors. 
A similar weld in a plate of the same carbon content 
but containing slightly more manganese (1.25%) and no 
chromium, however, proved much less crack-susceptible 
in the same tests. This apparently indicates the close 
relationship that exists between total alloy content and 
cracking. Cracking occurred in the fillet welds made 
by Reeve'® (Reeve cracking test) in a Cr-Mn-Cu steel 
(Table 14), presumably due to the fact that the weld 
hardness exceeded 400 Vickers Diamond Pyramid (HD 
10). Improved root penetration that generally results 
from using a small fillet size does not in itself prevent the 
liability to cracking, according to the sume tests. 


Weld Hardness 


Using a microhardness indentor that permitted to 
make impressions 0.03 mm. apart from each other, 
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Q % — 
LP) 
£ 
c 12 - 
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* Coating: titanium oxide. siliceous matter and organic fiber. 

 S+- C, 0.17 Si, 0.52 Mn, 0.04 Cr, 0.08 V, 0.11 Cu, 0.07 Ni. 
Alloyed with 0.33 Mo. 

§ 0.07 C, 0.17 Si, 0.52 Mn, 0.04 Cr, 0.08 V, 0.11 Cu, 0.07 Ni 


P, % S, % Cr, % 

0.021 0.036 0.83 + 0.309 Cu + 0.03 Ni 
0.021 0.034 0.83 + 0.328 Cu + 0.03 Ni 
0.149 0.033 0.82 + 0.40 Cu 

0.149 0.035 0.83 + 0.40 Cu 

0.012 0.023 0.45 

0.015 0.023 0.44 
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Ultimate Strength,f Psi. 


Thickness, Butt 
Type of Steel* In. Unwelded Welded 
Cr-Mn-Cu 77,500 77,300 
1 78,800 85,600 
Cr-Cu-Si-P 1/, 71,500 73,200 
1 69,900 70,100 
Cr-Mn-Si-Zr 1/s 73,900 72,600 
l 69,900 69,900 


+ For composition see Table 14. 
+ All specimens fractured in plate. 


Schulz and Bischof"! made a careful survey of the hard- 
ness distribution in the transition zone of a single-bead 
arc weld deposit as a function of the microstructure of the 
plate prior to welding. The plate was 50 mm. (1.97 in.) 
thick and contained 0.18 C, 0.26 Si, 1.04 Mn, 0.34 Cr and 
0.50 Cu. By the authors’ definition, the transition zone 
refers to the region that is bounded by the junction of the 
weld and by the line at which there is no difference to be 
noted between its structure and that of the base plate. 
In the single bead deposit under discussion it extended for 
about 3.5-4 mm. (0.16 in.) from the junction of the weld. 
The results of the tests are shown in Figs. 8 and 9, the 
former representing a steel that had been heat treated 
(prior to welding) so as to result in a coarse-grained 
structure, while the latter had a fine-grained appearance 
that is usually obtained on normalization. (The term 
“orain size’’ as used in this discussion refers to the 
general appearance of the ferrite-pearlite aggregate, 
and should not be confused with the McQuaid-Ehn grain 
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Table 15—Mechanical Tests on Arc Butt-Welded Plates (Tensile and Impact). Reeve'* 
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Number of Impressions 


Fig. 8—Hardness Maxima in Heat-Affected Zone of a Coarse Ferrite- 


Pearlite Steel. Schulz and Bischof!! 


plates show different hardness distribution—the coarse- 
grained steel exhibiting at 2-3.5 mm. (0.10 in.) away from 
the weld junction a region of fluctuating hardness values 
and rather large maxima, while the fine-grained plate 
has a much smaller maximum and a more even distribu- 
tion. Figure 10 illustrates graphically the effect of the 
ferrite-pearlite grain size on the hardness distribution 
phenomena in the transition zone. The significance of 
this effect of initial microstructure on the hardness dis- 
tribution in the transition zone becomes evident when one 
remembers that bending and impact strength properties 
are directly related to hardness qualities (see following 
section). The authors attribute the greater hardening 
of the coarse-grained steel to the fact that, in view of the 
rapid rate of heating during welding, the austenite that is 
first formed is actually of a higher content than is re- 
quired by equilibrium (0.2%), with the result that it has a 
smaller critical cooling velocity and a consequent greater 
hardenability. In essence, therefore, the difference in 
behavior is due to variations in carbon diffusion rates 
resulting from differences in microstructural constitu- 
tion. 


size.) In spite of equal chemical composition, the two 
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Yield Strength, Psi. Izod Value, Ft.-Lb 
Butt Butt 
Unwelded Welded Unwelded Welded Junction 

54,300 53,700 66 25 838 
47,700 53,900 59 35 60 
51,100 51,800 63 15 O4 
45,000 36,700 26 33 97 
50,000 47,500 65 29 116 
43,700 42,800 49 23 55 


Distance From Weld 


‘ 


Vickers Hardness 


Number of Impressions 


Fig. 9--Hardness Maxima in Heat-Affected Zone of a Fine Ferrite-Pearlite 
Steel. Schulz and Bischof"! 


The average hardness values in the plates, weld and 
junction, as well as the maximum hardness at the junc- 
tion in fillet welds as a function of fillet size, are repro- 
duced in Table 16 (Reeve'’). In general, the maximum 
and mean hardness at the weld junction increased as the 
fillet size decreased, although in the case of the Cr-Mn-Cu 
steels it made no difference, since afl the three sizes in- 
vestigated yielded dangerously high values that led to 
cracking. Applying the formula for calculating maxi- 
mum weld hardness of a low-alloy steel on the basis 
its alloy content in terms of “‘carbon equivalence’ as 
developed by O'Neill and Dearden (see section above on 
General Effects of Chromium), the author found good 
agreement between the calculated and observed values 
for the steels listed in Table 16. 


Impact Strength and Bending Tests 


Impact specimens, 10 mm. square and 75 mm. long, 
cut from the metallic are butt-welded Cr-Mn-Cu plates 
tested by Reeve'® (Table 14), showed the welds to be 
more brittle than the parent plate, but at the weld junc- 
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Fig. 10—Hardness of Transition Zone as a Function of Ferrite- 
Pearlite Grain Size. Schulz and Bischof"! 
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tion the impact values were considerably better than 
mane" 2" t+ AD AA those of the unwelded plate (Table 15). Curiously, all- 

, ee #3 weld-metal from the same electrodes yielded an impact J 
3 eof & Sa strength that compared favorably with that of the un- t 
welded plate (60-70 ft.-lb.), and the author admits that 
BR the reason for the brittleness of the butt welds in the 
an plates (25-35 {t.-Ib.) is obscure. 
= a S38 38 83 Specimens cut from the metallic arc-welded ' 2-in. 
Ss Sree, ae plates discussed above withstood a bending angle of 180 ( 
before cracking; those cut from the 1-in. plates, how- 

Ss ho 88 ever, reached an angle of only 42° (Table 17). Fracture 
on bending took place mostly in the weld and not in the 
weld boundary. The specimens, one @nd one-half times 

a ra mo Bom as wide as the thickness of the plate, were bent with the 
e 3 BSS wis no 4 wide side of V on the outside around a former whose 

= xz eee ae diameter equaled 4 times the thickness of the plate. The 

& - elongation on the outer fibers was recorded over five 

g > B82 BB BA % consecutive gage lengths, each equal to the plate thick- 

oo sco ness (Table 17). 

om =o & According to the micro studies of Schulz and Bischof"! 

38 5B te of Schul 

i “as ua faa Ss on the transition zone of a metallic arc single-bead weld 
J (see section on Weld Hardness above), small-grained 
© steels (ferrite-pearlite grain size) show a less marked de- 
crease in impact strength on welding than large-grained 
4 s a = ones (Fig. 11). The specimens tested were not cut from 
88 the welded plates proper, but were base metal material 

ieee = in the form shown in Fig. 12, heat treated in such a way 
fs = that the resulting microstructure corresponded to that 
> Bs = =) found in the transition zone. Before each test, micro- 
828 & scopic examination was made to verify the above condi- 
tion. It is worth noting that similar tests on low Mn-Si 
5 ng 
Se = steels did not show this effect of grain size, which would 
SS o seem to indicate that the notch impact strength reduc- 
a £. <= tion due to welding is closely related to the type of alloy- 
am wc 8a o 
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Fig. 12—Notch Impact Specimen Used by Schulz and Bischot 


366-s WELDING RESEARCH SUPPLEMENT AUGUST 


3 
| 
is 
if By 
hag 
fe. 
: 
AB 
af 
; 
2 
papal 


Thickness, Bend Angle, 
Type of Steel* In. Mean 
Cr-Mn-Cu 180° 
1 42° 
Cr-Cu-Si-P 180° 
1 64° 
Cr-Mn-Si-Zr 126° 
1 70° 


_ For composition see Table 14. 


Tests by the same authors on specimens cut longitudin- 
ally from bead test plates of various ferrite-pearlite grain 
size have shown that there exists a definite relationship 
between the latter variable and the impact strength and 
bending qualities—steels with the smaller grain size 
yielding better values (Fig. 13). No such correlation, 
however, was found with reference to the McQuaid-Ehn 
grain size (Fig. 14) or the tensile strength of the base 
plate. 


Cutting Characteristics 


In general, chromium hinders the burning process. 
Although oxyacetylene produces a higher temperature 
than oxy-coal gas, thereby permitting a faster cutting 
rate, the latter is preferable for low chromium steels be- 
cause of the liability of increased hardening. (This is 
true for all low-alloy steels.) Among the many variables 
affecting the extent and degree of hardening, the speed 
of cutting is of prime importance, as is illustrated in Fig. 
15 and Table 18 taken from tests by Wilkinson and 
O'Neill."* Cutting this 1'/s-in. thick plate, containing 
0.23 C, 0.13 Si, 0.94 Mn, 0.32 Cr and 0.39 Cu, at a 
speed of 11 in. per hour produced a surface layer about 
'’, mm. (0.02 in.) deep of about 400 Diamond hardness, 
whereas a speed of 6 in. per hour kept the maximum 
hardness well below 300. The danger of early failure 
of cut surfaces when subjected without further treat- 
ment to cold bending is illustrated in Table 18. Grind- 
ing the corners removes the danger of cracking pro- 
vided the ground edge is at least of '/,-in. radius. 

An interesting feature of the microstructure of the 
cut surfaces is the presence of a hard white-etching layer, 
extending to a depth of 0.2 mm. and having Vickers 
Diamond Hardness of 725. With slower cutting speeds 
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eBend test satisfactory 
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Fig. 13—Relationship Between Ferrite-Pearlite Grain Size, 


Bend Test and Notch Impact Strength in Cr-Cu Steels. Schulz 
and Bischof'! 


Table 17—Bend Tests of Arc Butt-Welded Plates. Reeve’ 


Bend Elongation Between Successive Gage Marks, % 
B D : 


A 
18.5 21.2 21.2 22.2 20.5 
2.3 9.2 19.3 9.7 2.7 
19.5 22.2 19.0 22.0 20.0 
4.3 14.7 18.3 15.0 4 
20.2 19.0 19.9 18.4 17. 
20.7 19.3 18.0 16.3 14.0 
Ls 
— 
° 
N e 
° 
200 
° ° 
c . 
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*Bend test satisfactory 
unsatisfactory 


Fig. 14—Relationship Between McQuaid-Ehn Grain Size, 
Ferrite-Pearlite Grain Size and Bend Test in Cr-Cu Steels. 
Schulz and Bischof!! 


it appears sorbitic and etches dark; faster cutting speeds 
produce a structure suggestive of martensite and troo- 
stite. These hard accretions at top may be responsible 
for the rapid failure when the plate is subjected to bend- 
ing strain. 


Chromium-Manganese-Copper-Silicon Steels 


Bend Tests 


Metallic arc bead welds on 50-mm. (1.97-in.) thick 
plates, containing 0.18 C, 0.40 Si, 1.0 Mn, 0.30 Cr and 
0.50 Cu, have a greater bend angle when the plates are 
originally in the normalized than in the as-rolled condi- 
tion, according to tests by Wasmuht.'' The bend angle 
test conditions were: diameter of rollers = 3.9 in., 
distance between rollers = 11.8 in., plunger thickness = 
5.9in. Weld beads on as-rolled plates had a bend angle 
of 8° coinciding with the appearance of the first crack, 
the fracture being brittle without any deformation, 
while those deposited on normalized plates showed the 
first crack at 27°. In the latter case further bending to 
125° was possible, and the ultimate fracture was some- 
what ductile. These beneficial effects of prenormalizing 
on the bending deformability are remindful of the simi- 
lar results obtained by Schulz and Bischof'! on the 
Cr-Mn-Cu steels discussed above. 

Preheating to 200° C. raised the bend angle at which 
the first crack appeared even more so than prenormaliz- 
ing, although it did not eliminate the brittle fracture. 
The highest bend angle values were obtained, of course, 
by a combination of preheating and prenormalizing (Fig. 
16). 

Prenormalizing, however, is unconditionally necessary 
in practice for thicknesses above 30 mm. (1.18 in.) only, 
according to the author, for it is at that thickness that 
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a c d 
Fig. 15--Cutting Speeds and Location of Hardness Surveys on Plate 1! In. Thick, Containing 0.23 C, 0.13 | 
Si, 0.94 Mn, 0.32 Cr and 0.39 Cu. Wilkinson and O'Neill" { 
a—Cutting speed, 11 in. per minute, 1 mm. from top surface. 
b—Cutting speed, 11 in. per minute, 5 mm. from bottom surface. 
c—Cutting speed, 6 in. per minute, 1 mm. from top surface. 
d—Cutting speed, 6 in. per minute, 5 mm. from bottom surface. 
The vertical broken lines indicate the extent of the heat-treated zone as seen under the microscope. At the actual surface of the cut, 
the hardness may rise to 725 approximately (Vickers diamond hardness) if the white layer is present at the plane under examination. The 
layer may be up to 0.2 mm. thick. 
the effect of prenormalizing becomes considerable. 
Schulz and Bischof,'* on the basis of tests by Schonock fable 19—Effect of Preheating on Bending Properties. 
(results unpublished), tend to attribute the effect of Schulz and Bischof" T 
plate thickness to internal welding stresses, the latter B 


Bend Angle 


increasing with the thickness of the weld section. On the in Degrees After 
same basis the authors attempt to explain the beneficial Chemical Analysis, % Welding at 

effects of preheating to 200-300° C. or prenormalizing, Cc Si Mn Cr Cu 20°C 200°C. 
both operations tending to enhance an even distribu- 0.17 0.39 100 0.39 0.7: 43-58 134-150 
tion of the welding stresses. 0.17 064 O88 067 0.79 26-29 113-141 


Fine-grained steels (A.S.T.M. 5-7) were superior to 
coarse-grained ones (A.S.T.M. 1-3) only when pre- 
normalized, in the tests of Wasmuht'* (Table 20), the 
former yielding a bend angle of 20°, compared with 12° 
for the latter. In the as-rolled condition no appreciable 
difference was noted, except that coarse-grained speci- 
mens showed a brittle fracture even after normalizing. 

Rapatz and Schiitz'® report that metallic are weld 
beads deposited with a coated electrode on a 0.47-in. 
thick St52 plate (composition given in Table 21) yield 
better bend angle values than those made with a flux 
cored electrode, especially when the welds are machined 
(Table 21). Also, machining somewhat improves the 
bend angle. 


Table 18— 


Bend Tests* of Gas-Cut Surfaces. Wilkinson and O'Neill 


Williams’? made bend ductility surveys of metallic 
are and oxyacetylene butt welds in */-in. thick plates by 
measuring the elongation in bending of lines drawn paral- 
lel to the weld center line, '/29 in. apart, as shown in Fig. 
17. The plates containing 0.39 C, 0.85 Si, 1.37 Mn, 0.13 
Cu, 0.55 Cr were welded with low carbon filler rods (gas) 
or covered electrodes (arc), and the specimens, 1 in. 
wide, were bent freely in a vise. The results are repro- 
duced in Figs. 18 and 19. Most of the deformation oc- 
curred in the soft weld metal; a small decrease in duc- 
tility was observed in the heat-affected zone. 


Surface Tension, | 
Cutting Speed T = Top, Bend 
Steel (In./Min.) Treatment After Cutting B = Bottom Angle Observations 

MM? 1 10 Scale removed T 23 Broken 
2 10 Scale removed B 23 Broken 
3 10 Ground, !/;.-in. radius T 100 Small cracks 
4 10 Ground, '/;.5-in. radius B 180 Ends 1'/, in. apart; small cracks 
5 10 Ground, !/s-in. radius T 180 Ends touching; cracks 
6 10 Ground, !/s-in. radius B 180 Ends touching; no cracks 
7 6 Ground, '/j).-in. radius 3 180 Ends 15/, in. apart; small crack 
S 6 Ground, '/is-in. radius B 180 Ends touching; no cracks 
9 6 Scale removed ¥ 42 Small cracks 
10 6 Scale removed B 180 Ends touching; no cracks 

MCFf 1 10 Scale removed T 67 Broken 
2 10 Scale removed B 53 Small cracks 
3 10 Ground, !/js-in. radius T 180 Ends 2 in. apart; small cracks 
4 10 Ground, */j.-in. radius B 180 Ends touching; no cracks 
5 10 Ground, !/s-in. radius T 180 Ends touching; small cracks 
6 10 Ground, !/s-in. radius B 180 Ends touching; no cracks 
7 6 Ground, '/;.-in. radius Zz 180 Ends touching; no cracks 
8 6 Ground, '/js-in. radius B 180 Ends touching; no cracks 
9 6 Scale removed ‘* 180 Ends touching; cracked 
10 6 Scale removed B 180 Ends touching; no cracks 


t 0.24 C, 0.10 Si, 1.52 Mn, 0.07 Cu, 0.02 Cr, 0.033 S, 0.036 P. 
t 0.20 C, 0.09 Si, 0.94 Mn, 0.37 Cu, 0.46 Cr, 0.030 S, 0.040 P. 
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* Specimens 12 x 2°/, x 1'/s in., trust piece 3 in. in diam. on 6'/,-in. centers. 
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The Fig. 16—Effect of Normalizing Before Welding and of Preheat- 
ing on the Bend Angle in the Bead Bend Test. Wasmuht'* 
A = as-rolled; N = normalized specimen not broken 
es. 
Table 20—Effect of Grain Size and Prenormalizing on the 
Bend Angle Properties of Welded St52* (50 Mm. Thick). 
Specimens Bend 
Plate Total McQuaid- Angle 
‘ Thick- Heat Treat- Num- Ehn at 
0 ness, ment Prior ber Fractured Grain First 
i] Mm. to Welding Tested Yes No Size Crack 
40 As-rolled 9 i) 1-3 14 
Normalized 9 9 1-3 12 
. As-rolled 9 6 3 5-7 10 
lic Normalized 9 a 9 5-7 22 
by 50 As-rolled 9 9 1-2 15 
al- Normalized 9 9 1-2 il 
9 As-rolled 9 9 a 5 11 
5. Normalized 9 na 9 5 26 
s) * Single arc weld bead on plate: 0.18 C, 0.4 Si, 1.0 Mn, 0.3 Cr, 
7 0.5 Cu. 
in. 
ic- Tensile Strength and Hardness 
The effect of machining on the tensile strength of the 
arc welds tested by Rapatz and Schiitz'® is evident from 
Table 21: 84,000 psi. for machined, as against 72,600 
psi. for non-machined welds. The hardness distribution 
on the surface edge (Fig. 17) of the metallic arc and oxy- 
acetylene welded plates of Williams'’ is shown in Figs. 
1Sand 19. The maximum hardness in the heat-affected 
zone of the arc welds was 365 Vickers; a slightly lower 
value was obtained for the oxyacetylene welds. 
U'nion-melt vs. Manual Metallic Arc Welds 
Albers® investigated the mechanical properties of 
Line of Vickers Hardness 
ie 
! 
3) |! 
% 
lin, ‘ “ 
! 
Id 
Fig. 17—Gage Lines '/,, In. Apart on Specimen for Free-Bend 
Ductility Survey. Williams” 
1942 
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Table 21—Bending and Tensile Tests of Metallic Arc Welds* 


in St52 (0.47 In.). Rapatz and Schiitz"* 


Bending Angle at 
Fracture 


Not Tensile Strength, Psi 
Steelt and Electrode Ma- Ma- Not 
Type chined chined Machined Machined 
I. Coated electrode 57 63 84,000 72,600 
I. Flux core electrode 51 53 88,000 73,900 
II. Coated electrode 47 50 79,500 78,200 
II. Flux core electrode 46 35 85,100 79,500 


* Single weld bead deposit. 
Tt I—0.13 C, 0.62 Si, 1.22 Mn, 0.25 Cr, 0.06 Mo, 0.55 Cu; t II 
0.16 C, 0.26 Si, 1.07 Mn, 0.50 Cr, 0.08 Mo, 0.71 Cu 


Evonearion - % 


| | 


— 
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+ 0 ‘6 20 as 30 


NUMBER OF GAGE LIWE 
———specimen from near the end of the weld 
=e specimen from near the middie of the weld 


Fig. 18—Vickers Hardness and Bend Ductility Surveys of an 
Arc Weld in Plates */, In. Thick, 12 In. Square Containing 0.39 
C, 0.85 Si, 1.37 Mn, 0.13 Cu, 0.55 Cr. The Maximum Hardness 
in the Heat-Affected Zone Was 365 Vickers. Williams" 


“Union-melt” process welds in direct comparison with 
those of hand-made metallic arc welds. The welds 
were made in 42-mm. (1.65-in.) thick plates taken from 
three different heats of steel whose average composition 
was 0.19 C, 1.15 Mn, 0.40 Si, 0.35 Cr and 0.50 Cu. The 
plates were joined according to sketch shown in Fig. 
20 and specimens for testing were cut longitudinally as 


369-s 


aie 
| 
val 
pt 
° 
‘te 
a0 
' ‘A 
' 
} 
: 
‘ 
‘ 
! 
i 
an 
be" 
es 


AN 
z 10 
T T T T 
330 KA 
/ ‘ 
/ 
‘ 
325) 
/ | ‘ 
H 
' 
/ ' 
i 
Vv H 
2 
i 
: 
4 
Vv 
s 10 is 20 as 30 


NUMBER OF GAGE LINE 


speci f the end of the weld 
----- ton the middle of the weld 


Fig. 19—Vickers Hardness and Bend Ductility Surveys of an 
Oxyacetylene Weld in Plates */, In. Thick, 12 In. Square Con- 
taining 0.39 C, 0.85 Si, 1.37 Mn, 0.13 Cu, 0.55 Cr. Williams” 


illustrated in Fig. 21, specimens A; and A», B; and Bo, C; 
and C; being used for tensile test data and Ay and Ao, By 
and 3», and Cy, for all other tests. As filler metal, a rod of 
0.24-in. diam. was used, the weld metal of which ana- 
lyzed as follows: 0.15 C, 0.25 Cr, 0.96 Mn, 0.59 Si, 0.41 
Cu, 0.028 P, 0.20 S and 0.10 No. The welding condi- 
tions were: 44 v.; 1100-1200 amp.; speed = 340 mm. 
min. so that the entire weld (6000 mm.) was finished in 
18 mins.; rod consumption = 800-900 gm. per meter of 
weld. Weld metal (cut from plates) and base metal 
(in annealed condition) properties: T.S. 91,000 psi. 
and 77,000-79,000 psi. respectively; ©) elongation 
23.5-25.5 and 22-24, respectively. Plates A and B were 
found sound and homogeneous on radiographic ex- 
amination; plate C showed longitudinal blowholes, lack 
of penetration and a 4-cm. long crack caused by improper 
welding, and all data with regard to it should be judged 
accordingly. 

The tensile properties of the welds are reproduced in 
Table 22. Tensile strength was over 74,000 psi., yield 
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Table 22—Tensile Data of Union-melt and Metallic Arc. 
Welded Low Cr Alloy Steel Plates. Albers" 


Elon- 
gation 
on Trans 
Break- Verse 
ing Cross- 
Heat Treat- Yield Tensile % Section 
Spec- ment After Strength, Strength, (10 Reduc- 
men* Welding Psi. Psi. Cm). tion, % 
A None 52,400 74,400 38.2 36 
Ay None 49,800 78,800 24.1 33 
B, None 53,700 81,900 13.5 15 
B, 1 hr. at 620° C. 52,200 75,200 51.0 40) 
C None 49,100 76,900 15.8 16 
C2 None 48,700 76,900 14.1 14 
i) None 85,000 15 13 
13 None 82,500 14 13 
10 1 hr. at 620° C. 84,000 39 27 
1 hr. at 620° C. 84,000 28 22 
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* Lettered specimens Union-melt welded; numbered specimens 
metallic arc welded. Edges not preheated. 


strength over 48,000 psi. in the as-welded condition. 
As would be expected, the annealed specimens (1 hr. at 
620° C.) showed a greater degree of deformability at the 
section of breaking than non-annealed specimens, the 
latter breaking with a brittle fracture. In specimens 
C, and C, the fracture went through the included gas 
pockets, but the latter apparently did not reduce the 
tensile strength. As compared with manual metallic arc 
welds, non-heat-treated Union-melt welds were either 
as good as or better than the former in the same condi- 
tion; heat-treated Union-melt welds, however, were defi- 
nitely better than the heat-treated metallic arc welds 
(51 and 39% elongation, respectively}. 


PlateA 
iA Ac 
S 4 9 
Ay Ao 
= 


Plate C 
C9 
4 
2599 960 2500 


Fig. 21—Distribution of Test Specimens from Welded Plates 
Tested by Albers" 


As shown by metallographic comparison in Fig. 22, 
the Union-melt weld is larger in volume, and the heat 
affected zone extends farther into the base metal than 
in the case of similar manual metallic arc welds. The 
larger heat input and slower cooling rate in the former 
process cause more pronounced grain growth in the tran 
sition zone. 

The Vickers hardness distribution across a transverse 
section of both types of welds are shown in Figs. 23 and 
24, in the as-welded, cold-worked and annealed and sub- 
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Fig. 23—Weld Hardness Distribution in ‘Union 
Welds. 


= 380 
240 
220 
200 
he 
he 
re 7 2 5 § 9 10 
» at 
| 
7 
| 
| 
| 
PUN IZM a 
3 
170 
) 
n 
-melt’’ 
l 
pe 
)- 
942 ne 


Hand Weld 
73 (78) 59 (63) 8) (96) 28 (07) 


Unionmelt Weld 


15 (6,3) 6.5 (5.6 6.9 (98) 22 (707) 


Fig. 25—Notch Impact Strength (Mkg./Cm.*) of ‘“‘Union-melt’’ 
and Handmade Welds in As-Welded and 620° C. Annealed 
Conditions. Albers" 


Values in brackets are for annealed specimens 


sequently cold-worked conditions. Cold working after 
welding, consisting of drawing up to the breaking point, 
raised the hardness of all sections, including the transi- 
tion zone. It is interesting to note, however, that the 
stress-free annealed and subsequently drawn weld was 
softer than the specimen that was cold worked in the as- 
welded condition. The maximum hardness observed in 
the as-welded Union-melt welds was 233-255 (Vickers 
(kg./mm.*); that of the manual metallic arc welds was 
380 kg./mm.? 

Notch impact tests on specimens cut transversely 
from the welded plates, with the notches placed as shown 
in Fig. 25 so as to include the transition zone and base 
metal, led the author to the following conclusions: (a) 


a 
Wi 
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Weldability Tests of Cr-Ni Steels. Cowhey” 


WELDING RESEARCH SUPPLEMENT 


In the as-welded condition only slight differences were 
noted between base metal, weld metal and transition 
(7.0-7.5 mkg./cm.”); (6) while annealing (620° C.) only 
slightly affected the values in the base metal or transition 
zone, in some cases even lowering them (see bracketed 
values in Fig. 25), it definitely raised the impact strength 
of the weld metal (from 6.0 to 9.8 mkg./em.*); (3) in 
spite of the observed differences in maximum hardness 
between Union-melt welds and manual metallic arc 
welds, their notch impact strengths were about equal 
(5.9-6.5 mkg./cm.’). 

Shrinkage stress measurements both longitudinally 
and transversely have shown that in the transition zone 
they may reach values of the order of the yield strength 
of the base metal. The largest longitudinal shrinkage 
stress noted was 4000 kg./cm.*; transverse shrinkage 
stress values varied considerably from place to place, the 
largest value noted being 1750 kg./cm.? Longitudinal 
stresses were of the same magnitude as those observed 
in manual metallic arc welds; transverse stresses were 
greater in the arc welds, however. 


SAE. 3140 


Rockwell Superficial 45N Scale 


Plate Sections 


Fig. 27—Maximum Weld Hardness in a Cr-Ni S.A.E. 3140 Steel. 
Cowhey”” 


Based on the above tests, the author concludes that 
Union-melt welds are as good as or even better than 
manual metallic arc welds. 


Chromium-Manganese-Silicon Steels 


Notch Impact Strength 


Jackson and Rominski’® tested the Charpy impact 
strength of specimens cut from single-bead welds and 
metallic shielded arc V butt joints in plates containing 
0.12 C, 0.75 Mn, 0.48 Si and 0.34 Cr. The single-bead 
welds were deposited transverse to the rolling direction on 
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6 x 7 x '/e-in. plates in the as-rolled condition. The 
specimens were of either standard (0.394 x 0.394 x 
2 165 in.) or double width size (0.394 x 0.788 x 2.165 in.), 
with the standard A.S.T.M. V notch machined tangent 
to the fusion line. The single bead weld standard size 
specimens yielded a Charpy value of 118 ft.-Ib. as against 
|21 ft.-Ib. for the unwelded plate; those of double width 
had a Charpy value equal to that of the unwelded plate 
(220 ft.-lb.). The standard size specimens cut from the 
welded joints had a Charpy value of 118 ft.-Ib. when 
notch was placed in the fusion line, and 150 ft.-Ib. with 
the notch in the annealed zone. The maximum hard- 
ness of the heat-affected zone was 209 Vickers Brinell 
(10-kg. load); that of the base plate was 172. 


Chromium-Nickel Steels 


General Observations 


These steels contain about two parts of nickel to one 
part of chromium, with the former ranging from 1.25- 
3.50% and the latter from 0.60-1.50%. Chromium- 
nickel steels containing more than 0.25% carbon usually 
have properties that cannot be duplicated in welded 
structures even by heat treatment, according to Jndustry 
and Welding®® (no details). The same source reports 
the following tensile data for oxyacetylene welds in a 
steel containing 0.22 C, 1.51 Ni and 0.67 Cr: base 
metal—Y.S. = 53,760 psi., T.S. = 80,600 psi.; as-welded 
plates—48,400 and 75,600 psi., respectively; welded and 
normalized plate—51,500 and 78,100 psi., respectively. 
Judging from these values, it appears that these steels 
can be oxyacetylene welded without appreciable loss in 
strength or ductility, especially if the welds are normal- 
ized. 

The approximate maximum safe cooling rate to avoid 
martensite formation in a steel containing 0.38 C, 0.72 
Mn, 0.49 Cr and 1.32 Ni is 100° F./min., according to 
the S-curve calculation of Aborn? (Table 1). The above 
cooling rate refers to the interval between the Ae; and 
Ar’ — 100° F. temperatures. 


Torch Planning Cast Ingots 


The process of removing surface defects on cast-steel 
ingots prior to rolling does not present any special dif- 
ficulties when applied to the Cr-Ni steels (0.13 C, 1.01 
Cr, 2.70 Ni or 0.31 C, 0.70 Cr and 2.40 Ni), according 
to Calbiani.** As in plain carbon steels, the heat-af- 
fected zone extends 1-3 mm. from the surface. Unlike 
in the former, however, the bend angle of torch-panel 
Cr-Ni steel surface is decreased (from 22° to 9°; planed 
surface in tension). In practice, so as not to impair the 
rolling operation, the local hardening effects may be re- 
moved by a subsequent heat treatment of the ingots. 


Weld Hardness 


Cowhey”® applied the single-bead weldability test 
to an $.A.E. 3140 steel containing 0.58-0.44 C, 0.74- 
0.80 Mn, 0.225—0.21 Si, 0.72-0.74 Cr and 1.16-1.21 Ni. 


Orientation of Specimen 
with Reference to Rolling Yield Strength, Tensile Strength, 


Direction Psi. Psi. 
Parallel 36,980 57,980 
Perpendicular 38,400 57,980 


* A = area of cross section. 
+ Specimen shape and dimensions same as in Fig. 28 (DVMR test). 
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Fig. 28—Notch Impact Test Specimens Used by Zeyen™ 


The bead, 3 in. long, was deposited from a mineral 
coated */,.-in. electrode in the center of a 3 x 9 x '/s-in. 
plate, using an automatic arc welder at 27-30 v. and 196- 
205 amps. The maximum superficial Rockwell hardness 
found on transverse sections cut from the plate as shown 
in Fig. 26 are reproduced in Fig. 27. The hardness in- 
dentations were made at 0.05-in. intervals across the 
middle third of the plate. The hardness values of sec- 
tion A were too erratic and are, therefore, not included 
in Fig. 27. In practically every section the highest read- 
ings were obtained at 0.02—0.07 in. from the weld metal. 
Sections G and B, the former cut through the center of 
the crater and the latter '/, in. from the start of the bead, 
possessed the greatest induced hardness. As is evident 
from Fig. 27, the length of the plate has no effect on the 
maximum hardness; with increasing thickness, however, 
the hardness increases appreciably. 


Chromium-Nickel-Copper Steels 


Notch Impact Strength , 

Zeyen* reports an extensive investigation on the 
notch impact strength of oxyacetylene and metallic arc 
welds in a steel containing 0.12 C, 0.14 Si, 0.54 Mn, 0.020 
P, 0.023 S, 0.11 Cu, 0.11 Ni and 0.17 Cr. The re 
search was undertaken in an effort to determine the 
effect of alloy content and temperature on impact 
strength. In view of the close dependence of the latter 
property on the materials and testing methods employed, 
a somewhat detailed description of the welding, testing 
and composition variables is relevant. 

The plates, 13.5 x 2.0 x 0.5 in., were V butt welded 
(60°) along the 13.5-in. direction, the latter being per- 
pendicular to the rolling direction. Gas welds consisted 
mostly of three layers and were made exclusively by the 
left-handed method; arc welds consisted of 5—6 layers 
and were made with D.C. current. All welds were 
reinforced at the bottom with a single pass. The size 
and shape of the test specimens are shown in Fig. 28. 
In Tables 23, 24 and 25 are reproduced the chemical 
compositions and mechanical properties of the base plates 
and the all-weld-metal of the filler rods used. The all- 
weld-metal was obtained by depositing 12-20 beads in a 
90° groove formed by two 0.78-in. plates, so that it 
represents closely the weld metal obtained in the actual 
joints tested. A casual comparison of the all-weld- 
metal of rods A, B, F, G, J and L (Table 25) reveals 


Table 23—Mechanical Properties of Base Metal Used by Zeyen”* (Mean Values of Two Tests) 


Notch Impact 


Elongation, % Bending Strength, t 

L = 565 L=113 Angle Mkg./Cm.? 
40 31.4 >180 15.2 
38.8 30.3 >180 15.0 
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Table 24—Chemical Composition of All-Weld-Metal* of Rods Used by Zeyen* 


Rodt Welding Cc Si Mn Pp Ss Cu Ni Cr Mo N: O; H, 
A Gas 0.07 Trace 0.33 0.022 0.028 0.15 0.03 0.01 .. 0.019 0.051 0.0006 
B Gas 0.08 0.08 0.35 0.022 0.030 0.14 0.08 0.02 .. 0.017 0.049 0.0005 
Cc Gas 0.13 0.12 0.55 0.020 0.028 0.12 0.04 0.01 -- 0.017 0.025 0.0003 
D Gas 0.20 0.33 0.56 0.010 0.013 0.12 0.13 0.64 0.20 0.014 0.026 0.0004 
E Gas 0.14 0.68 0.71 0.014 0.018 0.09 19.5 25.3 .. 0.028 0.0388 0.0023 
F, bare unalloyed Metalare 0.03 0.02 0.20 0.028 0.030 0.15 0.06 .. .. 0.140 0.210 0.0002 
G, lightly dipped, unalloyed Metal arc 0.04 0.02 0.20 0.026 0.029 0.10 0.09 .- 0.120 0.180 0.0003 
J, cored, alloyed Metalarec 0.12 0.06 0.44 0.018 0.020 0.09 0.08 0.01 -- 0.100 0.090 0.0003 
L, medium coating, unalloyed Metalarc 0.06 Trace 0.20 0.029 0.024 0.13 0.07 re 0.052 0.130 0.0009 
O, heavily coated, Mn-Mo Metalare 0.10 0.06 0.55 0.023 0.016 0.11 0.19 0.01 0.49 0.025 0.090 0.0005 
Q, heavily coated, Si-Mn Metalare 0.11 0.56 0.68 0.017 0.015 0.11 0.07 0.03 ‘i 0.015 0.094 0.0018 
T, medium coating, high Cr-Ni-Mn Metalare 0.19 0.67 6.10 0.017 0.018 0.11 7.5 18.5 0.089 0.021 0.0010 
U, medium coating, high Cr-Ni Metalarc 0.13 0.71 1.84 0.019 0.017 0.08 18.7 22.9 0.068 0.042 0.0008 


+ Taken from actual joint. 
t All rods 4 mm. thick. 


; ae The specimens cut from the welded joints were tested 
Table 25—Mechanical Properties of All-Weld-Metal De- at temperatures ranging from —50° C. to +400° C. in 
posited from Rods Listed in Table 24. Zeyen* the following heat-treated states: (a) as-welded, ()) 


Notch annealed 2 hr. at 600° C. and furnace cooled, (c) nor- 
Yield Tensile Elonga- Con- Impactft 


Strength, Strength, tion, %, striction, Strength, | Malized ('/; hr. at 900° C. and air cooled), (d) aged (10° 


Ps. = od Mkg./Cm* deformation followed by '/2 hr. heating at 250° C. and 
A Gas 38,400 56,200 25.5 44 12.0 : 

B Ges 37°70 87200 23:5 44 13:2 air cooled). The latter specimens were machined to 
c Ges 36,100 64,700 23.3 40 13.8 shape after aging. 

I Gas 37,000 78,500 35.9 43 12.1 A close analysis of the results as listed in Table 26 for 
5 gas welds leads to the following general conclusions: 
J Metal arc 48,800 68,100 15.0 23 5.4 The general relationship between notch impact strength 
L Metal are 50,490 75,800 25.0 45 9.3 f for both t! 
oO Metal are 56,600 74,900 31.9 65 14.2 and temperature of testing is the same for both the 
al « 42 °7 746 

— te welded and unwelded steels, both attaining a maximum 
U Metal arc 52,300 89,400 44.8 55 15.9 at 100-200° C. (6) Both welded and unwelded speci- 


* DVMR test specimen. mens attain their highest values after a normalizing 
t Per composition see Tobie 26. treatment, with the exception of the high Ni-Cr weld 
———— = (E), the latter showing better properties after an an 

nealing treatment. The author inclines to ascribe this 
strikingly that lower N, and O, contents are associated anomaly to carbide precipitation (no evidence). (¢ 
with superior mechanical properties, especially with From a practical standpoint, the behavior of the welds at 
reference to higher ductility (elongation). temperatures below zero is very important. It will be 


Table 26—Notch Impact Strength Values* of Gas-Welded Low-Alloy Steelst (Mkg./Cm.’). Zeyen** 
Temperature, ° C. —— 


Joint t Heat Treatment§ —50 +20 +100 +200 +300 +400 
 . 1.0 15 17 17.0 16.5 9.0 
b+a 1.0 20 19.5 19 17.3 14.5 

1.3 18.5 16.5 


As-welded 1.0 6.5 12.5 10.5 9.0 6.0 
B As-welded 0.5 6.0 12.0 12.5 9.0 6.0 
a 1.0 10.5 14.7 16.0 10.7 7.5 
b 1.0 14 17.5 18.0 12.0 8.5 
c As-welded 1.0 9.5 12.0 11.0 9.2 7.5 
a 1.0 11.5 14.5 13.5 10.5 8.5 
b 2.5 13.5 15.5 15.5 11.5 9.0 
D As-welded 2.0 9 12.5 12.0 9.5 8.0 
a 2.5 13.5 15.0 14.5 10.0 9.0 
b 6.0 16.0 17.0 15.5 13.5 9.5 
E As-welded 9.5 12.0 14.5 15.0 11.5 10.5 
a 11.0 14.0 16.5 16.0 12.0 
b 8.0] 11.5 11.5 10.0 10.5 
c,d 9.5-10.0 én 
e 5.0 


. These values were taken from small scale graphs and are therefore only estimates +0.5. 
+ DVMR tests. 


} For compositions see Table 24. 
§ a—Annealed (2 hr. 600° C.—furnace cooled); b—Normalized ('/, hr. 900° C.—air cooled); c—Aged (10% deformation, '/, hr. 
250° C.—air cooled); d—Annealed and aged; e—Normalized and aged. 
At —70° C. it is still 7.0. 
The greater value for treatment e. 
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noted that while the unwelded material retains a value 
of 11.3 mkg./em.? at —50° C., the best value obtained 
at that temperature in the low-alloy welded specimens 
is 6.0 mkg./em.*? for weld D (Cr-Mo), all the others 
having values not exceeding 2.5 mkg./em.* Whether 
this comparatively good value is a specific contribution 
of chromium and molybdenum, or merely reflects the 
general beneficial effect of increasing the total alloy con- 
tent regardless of the type of alloy added, cannot be as- 
certained. The important thing to note, however, is 
that the addition of alloying elements to the weld cuts 
down the steep drop in their impact strength when tem- 
peratures fall below 0° C. With reference to low tem- 
perature behavior it is particularly interesting to note 
the excellent value obtained for the annealed high Ni-Cr 
weld (E)—11.0 mkg./cem.* at —50° C., a value equal to 
that of the unwelded plate; at —70° C. it is actually 
better, e.g., 7.0 vs. 1.0 mkg./cem.? (d) Aging lowers the 
notch impact strength of both the unwelded and welded 
specimens, but more so the latter. (e) While the signifi- 
cance of a normalizing treatment for improving the 
notch impact strength of these welds can hardly be over- 
emphasized, it is equally evident that an increase in alloy 
content of the rods tends to achieve the same end. This 
latter fact becomes especially significant in structural 
welds that cannot be heat treated. 

From the results for the metallic arc welds as listed in 
Table 27 the following may be said: (a) Welds made 
with bare unalloyed electrodes have poor impact strength 
at all temperatures, as compared with those made with 
unalloyed coated electrodes. This inferiority of bare 
electrode welds is attributed by the author to their 
high nitrogen content. Annealing of these welds re- 
duces their impact strength at all temperatures; nor- 
malizing, however, may raise it at higher temperatures 
(see welds G and J in Table 27). (6) Annealing (600° 
C.) or, still better, normalizing enhances the impact 
properties of all covered electrode low-alloy welds at 
all temperatures, except those below 0° C. (see weld O). 


( Top bead left on 
GMB Top bead machined off 


% Elongation in i25mm 
a 


Test Weld 


Fig. 29—-Per Cent Elongation Under Tension. Zeyen*’ 


(c) Alloying elements raise the impact strength, es- 
pecially so at very low temperatures and after aging 
(see welds O and Q). (d) What had been said above 
regarding the excellent behavior of high Ni-Cr austenitic 
gas welds is also true of metallic arc welds made with the 
same rods. (e) Somewhat puzzling is the comparative 
behavior of welds O and Q at low temperatures, the 
impact strength of former decreasing and that of the 
latter increasing on annealing and normalizing. Both 
welds have the same chemical composition, except for 
the addition of 0.49 Mo to Q. 


Ductility 

Tensile specimens cut from the above plates longi 
tudinally so as to include the entire width of the welded 
joint were tested by the author for 9% elongation in a 
125-mm. (5-in.) length. The back side reinforcing bead 
was machined off. All specimens, with the exception of 
E, F and G, showed no signs of cracking prior to reaching 
the breaking point regardless of whether or not the 
welds were machined flush with the surface. The three 
exceptions mentioned showed premature cracking only 


Table 27—Notch Impact Strength Values of Metal Arc-Welded Low-Alloy Steels* (Mkg./Cm."). Zeyen*’ 


Joint Heat Treatment —50 +2( +100 +200 +300 +400 
G As-welded 1.0 3.5 4.0 4.0 3.5 2.0 
a 0.7 3.0 3.5 3.5 2.5 1.5 
b 0.5 3.8 5.0 5.0 2.5 2.5 
J As-welded 1.5 5.0 6.0 6.0 5.5 3.5 
a 1.0 3.0 5.0 4.5 3.5 2.5 
b 0.5 3.5 6.5 6.5 5.0 4.0 
c, d,e 1-1.5 
O As-welded 7.5 11.5 12.0 10.5 9.5 7.0 
a 6.0 13.0 13. 11.¢ 10.0 7.5 
b 3.5 14.0 14 12 11.0 8.5 
c,d 7-5.5 
Q As-welded 6.0 9.0 10.5 9.5 8.5 6.5 
a 6.5 10.5 11.5 10.5 9.0 7.0 
b 7.0 11.5 12.0 12.0 9.5 8.0 
c,d,e 4.5-5.5 ‘ 
T As-welded 6.0 13.5 17.0 17.0 18.5 16.5 
a 5.0 11.5 16.5 18.5 18.0 17.5 
b 3.5 10.5 15.0 14.5 14.0 13.0 
c,d 7.5-8.0 
e 4.0 
U As-welded 12.0 13.5 15.0 14.5 14.0 13.5 
a 12.5 14.5 16.5 14.5 14.0 14.0 
b 9.0 12.5 12.5 13.0 3.0 11.5 
c,d 9.5 
e 5.5 
* For all symbols in this table see footnotes in Table 26. 
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on the flush machined surfaces, especially on the bottom 
machined surface. As can be seen from Fig. 29, speci- 
mens with the top bead machined flush with the surface 
showed greater ductility (judged from appearance of 
first cracks) than those on which the bead was left as- 
welded. The unalloyed, bare electrode welds were the 
least ductile. 


Fatigue Strength of Unmachined Fillet and Butt Welds 


Metallic arc fillet and butt welds in 0.59-in. thick 
plates containing 0.09 C, trace of Si, 0.41 Mn, 0.012 P, 
0.013 S, 0.13 Cu, 0.14 Cr and 0.10 Ni, and made with 
heavily covered electrodes (0.1 C, up to 0.1 Si, 1.5 Mn), 
showed a reversed bend endurance limit of 12,800- 
14,200 psi. (10 million cycles), according to tests re- 
ported by Thum and Erker.** Milling the undercut 
raised the endurance limit of the fillet and butt welds to 
19,900 and 22,000 psi., respectively. Superficial milling, 
however, was ineffective. Unmachined stress-relieved 
specimens (5 hr. at 600° C., furnace cooled) had prac- 
tically the same endurance limit as untreated welds. 
If uniform initial compressive stress is developed in the 
vicinity of the undercut by means of cold rolling, the 
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Fig. 30—Hardness Distribution in a Circumferential Weld of a 
Cr-Ni-Mo Steel Tube. Bolton and Smith™ 

(NOTE: Hardness diagrams are laid out so that dotted line (0) 
represents weld juncture. Line (—1) represents location in weld 
1/\g in. above weld juncture. Lines 1, 2, 3, etc., are, respectively, 
in., in., in., etc., below weld juncture, in base metal. 
Readings made directly with Rockwell, converted to Brinell num- 
bers (Bhn.) as per table on p. 127, Metals Handbook, 1939 edition. 
Position 1 = beginning of weld. Position 2 = end of weld.) 


endurance limit is raised to 22,000 psi.—a value equal 
to that obtainable in the unwelded plate with mill scale. 
Non-uniform initial compressive stresses were ineffective. 
Completely machined welds had the same endurance 
limit as unwelded base metal (22,000 psi.), the frac- 


ture occurring partly in base metal and partly in weld 
metal. 
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Fig. 31—Effect of Preheating on Maximum Weld Hardness. 
Bolton and Smith* 


Chromium-Nickel-Molybdenum Steels 


On the basis of the S-curve calculations of Aborn,’ 
the approximate safe cooling rates to avoid martensite 
formation in a steel containing 0.42 C, 0.78 Mn, 0.80 
Cr, 1.79 Ni and 0.33 Mo is 7° F./min. in the temperature 
interval between Ae, and 650° F. 


Microstructure and Hardness 


Bolton and Smith* investigated the microstructural 
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Fig. 32—Isothermal Transformation Curve for a Ni-Cr-Mo Steel. 
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Table 28—Modified Reeve Test in Ni-Cr-Mo Steel, */; In. Thick, 3 In. Run. Rollason** 


Length, Current, Time, Energy/Cm Cracking 
Electrode Type In. Amp. Volts Sec. in Watt Sec. Weld Plates 
2% Nickel 3.5 130 32 34 18,100 F Nil 
High quality mild steel 4 125 25 40 16,000 Tr Nil 
Highly oxidizing coating 4 160 29 35 20,800 Bt Nil 
Chromium, high tensile 4 135 25 38 16,500 Nil Grade 4 
Chromium, high tensile 7 160 30 20 12,300 Ft Nil 
Cr-Mo, high tensile 5.5 110 25 38 13,400 Nil Grade 2 


Crack through throat of weld. 
Blowholes. 
Fine cracks along columnar crystals. 


“ou 


changes in the transition zone of a weld that consisted of a 
single bead deposited in circumferential grooves of a 
solid 2'/e-in. diam. cast-steel bar containing 0.26 C, 
0.30 Si, 0.47 Mn, 0.87 Ni, 0.50 Cr and 0.37 Mo. The 
deposits were made with a current input of 175 amps. 
from °/g-in. electrodes; the weld metal contained 0.08 C 
and 0.41 Mo. At less than 0.005 in. below the juncture a 
slight martensitic or near martensitic layer was found 
near the beginning of the weld, i.e., the place where the 
deposition of the bead began on the cold plate. The 
thickness of this layer was hardly 0.010in. After careful 
etching the authors were able to get direct hardness im- 
pressions (0.02 in. wide) on this layer, yielding a value of 
370 Brinell. The base material quenched in brine de- 
veloped a hardness of 440 Brinell. At the end of the 
circumferential weld no martensite was found, presum- 
ably on account of “‘self preheating’ due to the welding, 
according to the authors. Preheating to 200° F. re- 
sults in a troostitic layer beneath the weld juncture; 
at a preheat of 300° F. the structure is largely sorbite 
and ferrite with no location exceeding a hardness of 270 
Brinell. No grain growth was noticed even on preheat- 
ing to 600° F. With no preheat the structural changes at 
the beginning of the weld extended to about 0.12 in. 
below the juncture; on preheating to 600° F. the changes 
extended to 0.20-0.24 in. below the juncture. At the 
end of the weld marked structural change up to about 
0.50 in. below the juncture was quite evident for the 
600° F. preheat. The weld hardness distribution as a 
function of preheating temperature (Figs. 30 and 31) 
agrees well with the observed microstructural changes, 
the highest values being concentrated at the beginning 
of the weld—position 1 in Fig. 30. It will be noted that 
a preheat to 300° F. is sufficient to prevent the formation 
of brittle spots even at this critical position. Despite 
the great temperature gradient (3000° F. at juncture 
and 1400° F. at 0.10 in. away) and the thin martensitic 
layer at the beginning of the weld there was no evidence 
of cracking at any location. 

Cracking 

Rollason*® reports the results of an investigation by 
Subcommittee R.13 of the British Institute of Welding 
on the weldability of a steel containing 0.35 C, 0.56 Mn, 
0.23 Si, 3.62 Ni, 0.95 Cr and 0.34 Mo. The steel is 
sluggish in transforming and produces hard acicular 
structures on air cooling, as would be expected from a 
consideration of the S-curve of a similar steel shown in 
Fig. 32. From the results of modified Reeve cracking 
tests (top plate restrained by the back fillet only and 
single-test bead deposit) as shown in Table 28 it is evi- 
dent that in the majority of cases the cracking has oc- 
cured in the weld throat or along the boundaries of the 
columnar crystals. 

Rollason and Cottrell?’ investigated the relationship 
that might exist between the base metal cracking and 
the volumetric changes accompanying the martensite 
transformation in this type of steel, and the effects of 
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preheatings and delayed cooling. The tests were made 
on restrained butt welds (60° F.) in '/,-in. plates with 
thermocouples and extensometers attached to meas 
ure the temperatures and movement of the plates. A 
typical curve showing the plate movements and tem- 
peratures as a function of time, when using a high 
tensile Cr-Mo welding electrode, is shown in Fig. 33. 
The base metal crack occurred in the time interval of 
5-20 min., at 38° C. and was 0.0051 in. wide. The mar 
tensite transformation temperatures for the steels used 
were 150—170° C. (by dilation methods) and 210-270° C. 
(magnetic methods). The cause for the disagreement 


Table 29—Cracking Temperatures* of Restrained Arc Butt 
Welds in Cr-Ni-Mo Steels. Rollason and Cottrell” 


5/so-in. Electrode; 90-100 Amp., 30 Volts 
Thick- 
ness, Cracking Temp., 
Steelt Condition In. ° Cc 
A As received (sof- 1/, 60-70 
tened) 
B As received (sof 35-50 
tened) 
B As received (sof 1 98 (one test 
tened 
B Hardened (oil I/, 70-75 


quench—850° C.) 


* Average values of numerous tests 
tA: 0.35 C, 0.56 Mn, 0.23 Si, 3.62 Ni, 0.95 Cr, 0.34 Mo 
B: 0.32 C, 0.57 Mn, 0.22 Si, 3.38 Ni, 0.65 Cr, 0.26 Mo. 


Table 30—Effect of Preheating on Restrained Butt Welds 
in Ni-Cr-Mo Steels. Rollason” 


Electrode °/s.-In. 50-ton Tensile Electrode. Bead: Rod 


per 3-In. Run. Welding Time: 60Sec. Current: 100 Amp., 35 
Volts. 
Pre- 
heating V. P. Hardness Cooling rate, 
Temp., Cracking Plate C./Min 
ye Plate Weld Av. Max. Weld 600-250° 230-140° 
18 Crack Nil 449 460 350 350 1h 
150 Crack Throat 442 445 333 117 5.5 
250 Nil Nil 430 446 330 44 1.6 
350 Nil Nil 427 455 342 27 1.3 


is not apparent. From the cracking temperatures as 
listed in Table 29 it is obvious that the cracking is not 
caused solely by volume changes associated with mar 
tensite formation, since it occurs at a much higher tem 
perature. The effect of preheating on the cracking 
tendency is shown in Table 30. Preheating to tempera- 
tures above 250° C. prevented cracking, although the 
average hardness of the heat-affected zone was reduced 
only slightly. The prevention of cracking by preheating 
is to be attributed to the increased creep ability of the 
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Table 31—Chemical Composition o 


£ Cr-V Thin Sheets (1 Mm.) Used by Cornelius” 


Steel Cc ce C-Cit Si Mn P S Cr V Mo 
0.30 0.30 0.32 0.67 0.010 0.026 1.03 Trace 
C, 0.31 fib 0.31 0.38 0.58 0.010 0.014 1.06 > Trace 
A 0.25 “oe 0.25 0.31 0.60 0.015 0.007 1.0 7” 0.21 
B 0.245 0.042 0.203 0.28 0.56 0.010 0.027 1.03 0.23 Trace 
B, 0.23 0.047 0.183 0.50 0.53 0.010 0.015 1.03 0.26 Tract 
D 0.30 0.043 0.26 0.38 0.80 0.010 0.014 1.06 0.24 Trace 
D, 0.29 0.07 0.22 0.33 0.67 0.012 0.023 0.90 0.41 Trace 
D, 0.29 0.062 0.23 0.34 0.62 0.010 0.013 0.62 0.35 Trace 
E 0.29 0.046 0.24 0.36 1.20 0.012 0.020 0.55 0.25 Trace 
E; 0.27 0.047 0.23 0.35 bee 0.012 0.012 0.46 0.26 Trace 


* Combined carbon——V,C;. 
+ Free (non-vanadium-combined) carbon. 
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Fig. 33—Typical Cooling Curve. Rollason and Cottrell” 


weld metal and the greater toughness of the martensitic 
zone resulting from the self-tempering process occurring 
with slower rates of cooling, according to the authors. 
On that basis, delayed cooling should have the same effect 
as preheating. 

Using austenitic electrodes, no cracking was found in 
any of the steels. The authors suggest two possible 
explanations: (1) Austenitic weld metal can creep 
more easily than high tensile welds at the lower tempera- 
tures. (2) The region around the weld picks up enough 
alloying element content to cause a large amount of re- 
tained austenite to become embedded in the martensite, 
thus making it tough and capable of withstanding the 
stresses acting on it. 


Table 32—Mechanical Properties* of Oxyacetylene Butt-Welded and Unwelded Cr- 
in As-Welded Condition. Cornelius” 


Welded with Cr-Mo Rod 


Welded with Unalloyed Rod 


Calculated on assumption that all vanadium is present in that form. 


Chromium-Vanadium Steels 


Tensile Properties 


Most of the steels in this group contain about 1°, 
chromium and 0.15-0.25% vanadium. These steels 
should not be welded unless subsequently heat treated, 
since their properties depend on heat treatment, accord- 
ing to Welding and Industry.*° The same source reports 
the following mechanical properties for oxyacetylene 
welds made with a high-tensile rod, after oil quenching 
from 1500° F. and tempering at 1100° F.; T.S. = 105,700 
psi.; elongation in 2 in. = 3.5%. Bonhomme?** reports 
a T.S. of 85,000 psi., a Y.S. of 63,000 psi. and a 29.5°, 
elongation for gas welds in a steel containing 0.25 C, 
0.20 Si, 0.50 Mn, 1.0 Cr and 0.15 V. 

Welding thin Cr-V sheets (1 mm.) (0.04 in.): Cornel- 
ius*® investigated the weldability and mechanical prop- 
erties of a series of oxyacetylene butt welds in |-mm. 
(0.04-in.) thick Cr-V sheets as compared with those 
obtained in aircraft Cr-Mo or plain chromium steels 
(Table 31). The sheets were clamped in a loose jig and 
welded with a neutral flame using either low plain carbon 
or Cr-Mo rods (1.5-mm. diam.) as filler metal. With a 
few irregular exceptions, all specimens in the as-welded 
condition fractured in the base metal at varying dis- 
tances away from the weld, irrespective of the type of 
filler metal used. The tensile properties of the welded 
specimens equaled those of the unwelded material (Table 
32). Heat treatment—oil quench and 30 mins. at 575 
C.—improved the mechanical properties of the welded 
and unwelded material alike. Also in the heat-treated 
condition fracture occurred almost exclusively outside 
the weld. Both the Cr-Mo and plain carbon steel welds 
were as strong and as ductile as the unwelded sheets in 
the heat-treated state (Table 33). It is particularly 


Sheets (1 Mm. Thick). Tested 


Non-Welded Sheet 


Elongation,t Elongation, Elongation, 
Steel T.S., Psi. % TS., Pai. % T.8, Pa. % 
Cc 95,300 21.0 96,700 13.0 93,900 19.0 
108,100 ote 105,000 11.0 
A 96,700 13.0 95,300 12.0 93,900 21.0 
B 96,700 9.0 95,300 11.0 95,300 15.0 
B, 103,500 8.4 95,900 14.7 
D 112,100 108, 100 10.6 
D, 112,400 4.5 108, 100 5.0 113,800 11.0 
E 109,500 11.0 103,800 11.0 101,000 12.0 
E, 108, 100 af 101,600 17.6 


* Average of 4 specimens. 
t On breaking. 
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Table 33—Mechanical Properties* of Oxyacetylene Butt-Welded and Unwelded Cr-V Sheets (1 Mm. Thick). After Heat 


Treatment: Oil Quench + 30 Min. Anneal at 575° C. Cornelius” 


Welded with Base Metal Rod 


Welded with Cr-Mo Rod 


Unwelded Sheets 


Elongation, Elongation, Elongation, 
Steel TS, Pai. %t TS., Pai. % T.S., Psi. % 
% 139,400 8.0 139,400 7.0 139,400 9.0 
B 142,200 4.5 145,000 6.5 136,500 6.5 
D 155,000 4.7 
D, 149,300 6.0 143,600 6.0 142,200 6.5 
E 149,300 5.0 146,400 5.5 142,200 6.0 


* Average of 4 specimens. 
+ On breaking. 


interesting to note that steels C and C; (plain Cr, no Mo 
or V, Table 31) yielded tensile strength values compar- 
able to those of the Cr-V and Cr-Mo sheets tested. 

The hardness-distribution curve across the welds 
has a minimum at the weld, rises to a maximum at 
about 4-6 mm. (0.2 in.) away from it, and drops again at 
about 12 mm, (0.47 in.). The highest hardness maxi- 
mum was attained by the Cr-Mo steel (420-460 VHN, 
steel A in Table 34); substituting vanadium for the 
molybdenum in equivalent amounts reduced the maxi- 
mum weld hardness (steel B, Table 34, 300-310 VHN). 
From series D and D, in the latter table it appears 
that a decrease in chromium content is associated with a 
slight decrease in maximum weld hardness (370 VHN 
for 1.06% Cr and 340 for 0.62% Cr). As one would 
expect, the unalloyed rod weld metal was softer than 
that deposited by the Cr-Mo rod (162-254 VHN for the 
former and 260-350 VHN for the latter). All the welds 
proved free from crack susceptibility as tested by the 
Focke-Wulf method. 

The plain chromium steel welds showed a coarse- 
grained structure in the superheated transition zone. 
Additions of vanadium refined this structure, yielding a 
finely dispersed needle-like Widmanstatten structure. 
The actual grain size, however, seemed to have re- 


Table 34—Vickers Hardness Numbers 


Welded with Unalloyed Rod, 
Distance from Center of Weld, Mm. 
9 


mained the same, as was evident from the ferritic out- 
line of the original austenite boundaries. 

On the basis of the above results the author concludes 
that from the standpoint of weldability and mechanical 
properties the Cr-V sheets are excellent and may well be 
substituted for the commonly used Cr-Mo aircraft steels. 
The maximum amount of vanadium required to attain 
the desired properties is about 0.4%. The plain chromi- 
um steels with a somewhat higher carbon content 
(0.30%) are not inferior to either the Cr-Mo or Cr-V 
steels, although the latter develops somewhat lower weld 
hardening. 


Mechanical Properties of Arc Welds 


Kagan investigated the mechanical properties and 
metallurgical behavior of metallic arc welds in 12 and 14 
mm. (0.47 and 0.55 in.) S.A.E. 6120 plates, containing 
0.15-0.25 C, 0.30-0.60 Mn, 0.80-1.10 Cr and 0.15 V. 
The steel is often used in ammonia plant equipment oper- 
ating at 250-1000 atmospheres pressure and 350-500° C. 
Welds made with base metal electrodes, coated with a 
titanium concentrated flux containing 30 parts (by 
weight) of ilmenite, 15 parts pyrolusite, 30 parts feld- 
spar, 12.5 parts ferro-manganese, 5 parts starch and 20 
parts waterglass, showed a coarse structure on fracture, 


(Kg. /Mm.*) of Oxyacetylene Butt Welds in Cr-V Steels, As-Welded. Cornelius” 


Welded with Cr-Mo Rod, 
Distance from Center of Weld, Mm 


Steel i) 6 12 0 6 12 18 
170 340 220 230 
A 325 420 210 210 
B 270 300 200 220 
B, 210 350 220 220 
D 220 370 230 240 
280 370 200 275 
E 215 350 220 240 
E; 300 340 220 230 
Table 34a—Effect of O, on Weldability of S.A.E. 6130. Liedholm™ 
Weld 
Heat Rating* Cc Mn Si Cr Vv Ti O; (Total N 
636 75-80 0.29 0.59 0.35 0.89 0.20 Nil 0.0040 0.0109 
637 0 0.30 0.71 0.40 0.83 0.22 0.30 0.0076 0.0028 
9520 80 0.29 0.70 0.38 0.93 0.21 Nil 0.0048 0.0086 
9528 65 0.305 0.72 0.43 0.89 0.21 Nil 0.0055 0.0085 
7741 80 0.30 0.64 0.41 0.96 0.20 + 0.0061 0.0126 
874i 50 0.28 0.54 0.31 0.89 0.20 -_ 0.0085 0.0170 


See text for criteria of rating; 70% is minimum satisfactory rating. 
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Table le 35—Charpy ' V Notch ateaaie Value of Unwelded and Welded Cor-Ten Steel. 


Boehm 

Average Variation of 

Number of Charpy Range of Charpy Value 

Heat Specimens Value, Charpy Values, in Per Cent of 

Specimen Electrode Treatment Position of Notch Tested Ft.-Lb Ft.-Lb. Aver: age 

Transverse ..... ~ 3 44.5 42.5-45.5 7 
Longitudinal —....... 3 47 45.5-50 10 
Welded Mo* As-welded Weld 3 104.5 104.5 0 
Welded Mo* As-welded Diffusion zone 2 82.5 80.5-84.5 5 
Welded Mo* 1200° F. || Weld 2 94.5 94.5 0 
Welded Mo* 1200° F. || Diffusion zone 4 75.5 71-79 10 
Welded Mo* 1650° F.§ Weld 2 91.2 82.5-100 19 
Welded Mo* 1650° F.§ Diffusion zone 2 86 86-86 .5 l 
Welded Low carbont As-welded Weld 3 99.5 98.5-100 2 
Welded Low carbont As-welded Diffusion zone 3 48 45.5-51 ll 
Welded Low carbont 1200° F. | Weld 2 104.5 104.5 0 
Welded Low carbont 1200° F.| Diffusion zone 2 72 71-73 3 
Welded Low carbont 1650° F.§ Weld 2 115.5 115.5 0 
Welded Low carbont 1650° F.§ Diffusion zone 2 7 45.5-94.5 70 


* Covered electrode containing molybdenum. 
+t Covered low carbon electrode. 
t Furnace cooled from 1250° F. 
§ Furnace cooled from 1650° F. 
| Furnace cooled from 1200° F. 


a Brinell hardness of 270 in the weld metal and a bend 
angle of 17—27° in the as-welded condition. After a 
2-hr. anneal at 780-820° C. followed by furnace cooling, 
the welded plate reached a bend angle of 60-90° and 
had a tensile strength of 65,400 psi. (unwelded plate 
T.S. = 71,000-85,000 psi.). Chemical analysis of the 
weld metal showed that it contained no vanadium and 
its chromium content did not exceed 0.28-0.30%. After 
adding to the electrode coating 5 parts (by weight) of 
ferro-chrome and 5 parts of ferro-vanadium, the weld 
metal analysis was 0.14-0.17 C, 0.91-1.22 Cr and 0.12- 
1.13 V, showing a chromium transfer coefficient of 0.36 
(metallic chromium has a lower transfer coefficient). 
With the increased alloy content in the weld metal, 
the mechanical properties of the welds increased, e.g., 
T.S. = 71,000-78,000 psi. and after heat treatment a 
bend angle of 180° could be reached without cracking. 
Impact tests on 60 x 10 x 80-mm. specimens yielded 
8.3-17.0 mkg./em.* Radiographically the welds were 
shown to be free from any defects. Welds made with 
low carbon electrodes (ilmenite base flux coating, con- 
taining ferro-chrome and ferro-vanadium) had me- 
chanical properties quite comparable to those made with 
base metal electrodes, but they’ were not quite so sound 
and contained micropores and inclusions. In general 
the author concludes that the welds proved suitable 
for the operating conditions in the synthetic ammonium 
plants. 


Weldability 


Liedholm* investigated the weldability of S.A.E. 6130 
(1% Cr and 0.18% V), using as a guide in rating weld- 
ability the following general qualities: (1) Continuous 
as well as intermittent gas evolution is undesirable since 
it leads to porosity. (2) Ejection of sparks leads to 
are interruption. (3) Undercutting along the edges is 
undesirable since a sharp demarcation acts as a stress- 
raiser. (4) Good fluidity is a favorable factor. On the 
basis of the above criteria, the author concludes from 
statistical data of a large number of heats that low oxygen 
content is essential for good weldability. The tests 
consisted of atomic hydrogen weld beads. With careful 
slag control and a proper deoxidation practice, 97% of all 
heats tested showed satisfactory weldability. Typical 
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illustrations of the effect of O2 on weldability (as defined 
above) are shown in Table 34a. 

The approximate maximum safe cooling velocity to 
avoid martensite formation in a steel containing 0.43 C 
0.74 Mn, 0.92 Cr and 0.16 V is 110° F. /min. in the tem- 
perature interval between Ae, and Ar’ — 100° F., on 
the basis of the S-curve calculations of Aborn® (Table 1). 


High-Phosphorus Chromium Steels (Cor-Ten) 


The generally high order of ductility shown by oxy- 
acetylene butt welds in '/2-inch high-phosphorus chromi 
um steel plates is a ‘‘tribute to the facility with which 
these steels may be welded,”’ according to Crafts® (Table 
4). Reeve’ states that from the standpoint of static 
load carrying capacity, metallic arc welds in these steels 


made with plain low carbon steel electrodes can be re- 


garded as equal in strength to the base metal plates 
(Tables 14 and 15). On the basis of the S-curve calcu- 
lations of Aborn,*? the cooling rate of a steel containing 
0.08 C, 1.10 Cr and 0.175 P may be as high as 5000° F. 
min. in the temperature interval between 7) (Ae,) and 
650° F. without causing martensite to form. 


Impact Strength, Ductility and Hardness 


Boehm®* reports that specimens cut from metallic arc 
butt welds in Cor-Ten steels showed charpy impact 
strength values at least 100% greater than those of the 
base metal, the materials being in equivalent heat- 
treated conditions with the notch placed either in the 
weld or diffusion zone (Table 35). Welds made with a 
plain low carbon steel electrode were better than those 
made with a molybdenum-containing electrode, in the 
latter author’s tests. Also Reeve’ reports that the 
impact strength of metallic arc butt welds is greater 
than that of the base plate when the notch is placed at 
the weld junction; with the notch in the weld proper, 
however, the welds were more brittle that the base meta! 
(Table 15). The author confesses to know no reason for 
this anomaly, especially since all-weld-metal was proved 
quite comparable in impact strength to, if not stronger 
than, base metal. 
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Stress relieving (1250° F.) or normalizing (1650° F.) had 
very little effect on the average hardness of either the 
unwelded material or the diffusion zone of the butt- 
welded plates in the tests of Boehm® (Table 36). In the 
fillet welds of Reeve’* the maximum and mean hardness 
in the heat-affected zone were well below 300 Vickers 

Diamond Pyramid) and there were no signs of cracking 
fable 16). The weld hardness increased, of course, as 
the size of the fillet decreased. In the bend angle tests 
of the latter author (see section Cr-Mn-Cu), '/2-in. arc- 
welded plates withstood a bending angle of 180°; 1-in. 
thick plates, however, cracked after a 64° bend (Table 


Table 36—Rockwell “‘B’’ Hardness Tests of Unwelded and 
Metallic Arc Butt-Welded Cor-Ten Steels. Boehm” 


Averaged 
Specimen Heat Treatment Hardness 
Parent Metal As-received (hot rolled) 80 
Parent Metal Stress relieved* 76 
Parent Metal Normalizedt 76.5 
Diffusion Zone, F.W., No.5 As welded 77 
Diffusion Zone, F.W., No.5 _—_ Stress relieved* 75 
Diffusion Zone, F.W., No.5 Normalizedt 74.5 
Diffusion Zone, S.A., No. 85 As welded 81.5 
Diffusion Zone, S.A., No. 85 Stress relieved* 76.5 
Diffusion Zone, S.A., No. 85 Normalizedt 72 


* Furnace cooled from 1250° F. 
+ Furnace cooled from 1650° F. 


Chromium-Molybdenum Steel (Not Aircraft) 


Weld Hardness 


Cowhey*® applied the single-bead weldability test 
to | and !/,-in. S.A.E. 4145 steels containing 0.46-0.48 C, 
0.57-0.59 Mn, 0.20 Si, 1.02-1.08 Cr, 0.19-0.21 Mo, as 
shown in Fig. 26. From the results as plotted in Fig. 34 
it is evident that sections G (through middle of crater) 
and B ('/, in. from start of bead) possess the highest 
maximum induced hardness. As the thickness of the 
plate is increased from '/, to 1'/2 in. the maximum hard- 
ness of all sections increases correspondingly. In direct 
comparison with similar tests on a S.A.E. 3140 steel 
(0.72-0.74 Cr, 1.16-1.22 Ni, Fig. 27), the S.A.E. 4145 
appears to develop greater maximum weld hardness. 
This, however, in the opinion of the reviewers, may 
well be attributed to its somewhat higher carbon con- 
tent (0.46-0.48 C vs. 0.38-0.44 C), in view of the large 
effect of the latter element on hardening. 


Welded Cr-Mo Power Plant Tubing 


Goodger** investigated the mechanical properties of 
both gas and arc welds in steam power plant structures. 
Oxyacetylene butt-welded tubes, 2.006 in. outside diam., 
bore and containing 0.12—0.17 C, 0.15—0.25 Si, 
0.40.6 Mn, 0.45-0.65 Mo and 0.70-0.90 Cr, yielded a 
tensile strength of 72,000 psi. and an elongation of 20%. 
The mechanical properties of the unwelded tubes were: 
TS. = 74,000 psi. and elongation in 2 in. = 32.0%. 
The tubes were normalized with blowpipes after welding. 
lhe same values were obtained whether or not the rein- 
forcing bead had been machined off. Fracture was in 
each case outside the welded portion. The welds were 
made with Cr-Mo filler metal. 

Strips cut longitudinally from thin-walled welded tubes 
and bent with either the outside or inside of the V joint 
on the outside of the bend yielded good results (no de- 
tails), but the presence of the reinforcement made bend- 
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Fig. 34—Maximum Weld Hardness in S.A.E. 4145 Steel. 
Cowhey”” 


ing difficult. Specimens from thicker tubes yielded 
poor bend angle values before normalizing (even with 


Table 37—Impact Tests of Oxyacetylene Butt Welds in Cr- 
Mo Tubes.* Goodger** 


Notch in Center of Weld Notch at Junction 


Impact Impact 
Strength, Strength, 

Test No. Ft.-Lb. Test No. Ft.-Lb. 
1 34 1 39 
2 31 2 36 
3 34 3 32 
4 30 4 34 
5 27 5 33 
6 40 6 34 
Avg. 32 35 


* Izod impact value of unwelded material = 48-54 ft.-lb. Tests 
made at room temperature. 


reitiforcement removed), but gave 180° bends after 
normalizing. The average impact strength of speci- 
mens (6 tests) with the notch placed in the center of the 
weld was 32 ft.-lb.; at the weld junction the value was 
somewhat higher—35 ft.-lb.; the impact strength of the 
unwelded material was 45-54 ft.-lb. (Table 37 

The necessity of a full normalizing treatment was also 
evident from an examination of the microstructural 
changes. Instead of the fine-grained pearlitic structure 
of the unwelded tubes, the welded parts showed over 
heated cleavage plane structures of a martensitic pat 
tern that could be removed by a full normalizing treat 
ment only. To avoid large contraction stresses and the 
possibility of cracking, the larger welds should be exe 
cuted in one operation without allowing them to cool in 
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the unfinished condition. 


back from the finishing crater, according to the author. 


Metallic arc-welded butt joints in Cr-Mo tubing of 
similar composition and used in boiler construction 
yielded a T.S. = 67,000 psi. and a reduction in area in 
The sleeves and weld edges of 
the tubes were preheated with an oxyacetylene flame, 
placed at a gap of */\, in. at the base of the V, and welded 
The electrodes de- 


the weld metal of 46%. 


with °/- or diam. electrodes. 
posited weld metal of the following composition: 


Down-hand Welding Overhead Welding 


Silicon 


0.182 0.235 
Manganese 0.477 0.499 
Total carbon 0.095 0.115 
Chromium 0.378 0.178 
Molybdenum 0.415 0.447 


Bend tests on V butt welds in '/2-in. thick plates of the 
same stock are reproduced in Table 38. The effect of 
normalizing in improving the bend ductility of the welds 


is self-evident, but none reached 180°. 


Table 38—Bend Tests of Metallic Arc Welded Cr-Mo Steels. * 


ger®® 
Base of V on Top of V on 
Exterior Radius Exterior Radius 
Ex- Ex- 
tension tension 
on 1 In. on 1 In. 
Bend Across Bend Across 
Before Weld, Before Weld, 
Fracture % Fracture % 
As-welded down-hand 67 17 90 35 
Stress-relieved at 620° C. 
and cooled in furnace. 
Down-hand 70 24 72 25 
Normalized at 880° C. 
and air cooled. Down- 
hand 124 52 115 52 
As-welded overhead 87 2 93 37 


Stress-relieved at 620° C. 

and furnace cooled. 

Overhead 70 19 80 35 
Normalized at 880° C. 

and air cooled. Over- 

head 100 40 128 50 


* 0.12-0.17 C, 0.45-0.65 Mo, 0.70-0.95 Cr, '/:-in. plates. 


In a general comparison of the arc and gas welds, the 
author states that European practice tends to favor 
acetylene welding for steam boiler tubing, on the ground 
that the latter are less apt to cause basal cracking due toa 
tearing of the weld metal. This, however, can be 
avoided in some cases by suitable preheating to 200° C., 
although the method is not ‘‘foolproof’’ according to the 


One such large diameter tube, 
that happened to be left overnight in the unfinished 
condition, was found cracked for a distance of 3'/2 in. 


author. Lack of penetration that is more noticeable jy 
gas welds can be minimized by using a suitable gap. 


Creep Strength of Cr-Mo Tubing 


Siebel and Wellinger** investigated the creep stre sugth 
characteristics of arc-welded tubes (219 mm. O.D., 2) 
mm. (°/s in.) wall thickness) containing 0.12 C, 0. 8 Cr 
and 0.4 Mo. The time-for-rupture values under varioys 
constant applied stresses as a function of heat treatment 
are reproduced in Table 39. In ordinary short time 
tensile tests at 500° C., both as-welded and heat-treated 
specimens ('/, hr. 900° C., air cooled + '/2 hr. 650° C.) 
broke outside the weld, the former yielding T.S. = 
61,600 psi., Y.S. = 29,900 psi., elongation in 100 mm. = 
22.3%, the latter T.S. = 62,600 psi., Y.S. = 25,000 psi. 
and elongation in 100 mm. = 31.6%. From Table 39 
it is evident the limiting creep strength is greater after 
annealing; taking 300 hr. as a criterion it is about 
37,000 psi. for the as-welded specimens and 44,000 psi. 
for the normalized and annealed specimens. Specimens 
that had been only annealed at 650° C. (no prior nor- 
malization) elongated 4.69% in 100 mm. after 310 hr. 
under a constant stress of 45,000 psi. but did not break 
As-welded specimens with the reinforcement machined 
off broke abruptly (no elongation) in the welds after 
22.5-24 hr. under a stress of 37,700 psi.; heat-treated 
specimens, however, did not break even after 320 hr 
under a 45,500 psi. stress. These results seem to indi- 
cate that machining off the reinforcing bead lowers the 
creep strength only if specimens are tested in the as- 
welded condition; heat-treated specimens show the same 
time-to-rupture with or without the reinforcing bead. 

From hardness tests across the welds (Table 40) it is 
evident that annealing alone does not change the hard- 
ness distribution and the difference in behavior with 
reference to creep between as-welded and annealed speci- 
mens can hardly be ascribed to hardness change effects. 
The authors are rather inclined to believe that the bene- 
ficial effects of annealing are tied up in some way with the 
relief of locked-up internal stresses. 


Table 40—Effect of Heat Treatment on Hardness of Arc- 
Welded Cr-Mo Tubing. Siebel and Wellinger*: 


———Brinell Hardness in Kg./Mm.*—— 


Hardness Normalized and 

Impression As-Welded Annealed* Annealedt 
Base metal 144-153 140-144 143-153 
Transition zone 166-180 143-144 161-170 
Inner layers 160-164 138-143 159-164 
Outer layers 205 137-144 191-195 


° 30 Min. 900° C., air cooled + 30 min. 600° C., air cooled. 
t 1 Hr. at 600° C. 


(NOTE: 
Steels.) 


For other Cr-Mo steels see Part II on Aircraft 


Table Values of Arc-Welded Cr-Mo Tubing. at 500° C. Siebel and Wellinger™ 
Top Bead Left on 


Constant 
Stress Elongation 
Applied, Time Before on Breaking, 
Heat Treatment Psi. Breaking, Hr. % Observations 

As is 56,900 1/, 22-24) Broke outside weld on heat affected zone 
45,500 30 
39,000 21/5 a7 Broke in weld. Fracture Intercrystalline 
34,100 >500 

Normalized (30 min. 900° C., air cooled, 56,900 26 30 \ Broke in transition zone 

+ 30 min. 650° C., air cooled) 45,500 >276 10 
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Table 41—Mechanical Properties of All-Weld-Metal Obtained from Rods Given Below. Theis and Zeyen'' 


Notch 
Heat Elongation, Constriction Impact,t 
Rod Treatment* Y.S., Psi. T.S., Psi. %, L = 5d % (Mkg./Cm.?) Appearance of Fracture 
Dy) a 43,800 72,100 27.3 55 12.4 Coarse-grained 
b 48,100 67,500 26.1 54 16.6 
3 a 45,500 73,600 21.1 51 10.3 Coarse-grained 
b 43,800 70,300 24.5 51 15.1 
4 a Pr 85,600 14.5 49 11.7 Coarse-grained 
b 41,000 76,800 23.6 64 13.1 Fine-grained 
5 a 65,100 80,700 9.0 24 6.0 Very coarse-grained 
b 41,000 73,600 17.6 33 11.0 Fine-grained 
Chemical Composition of Rods 
Rod G Si Mn Ni Cr Mo N; O, H, 
2 0.13 0.30 1.01 0.89 0.35 - 0.004 0.017 0.0006 
3 0.12 0.37 0.95 0.88 = 0.27 0.005 0.022 0.0004 
4 0.14 0.29 1.06 * 0.82 0.27 0.003 0.022 0.0005 
5 0.19 0.41 1.17 0.89 0.36 0.27 0.010 0.022 0.0007 


*a = as-deposited; 6 = normalized—'/, hr. at 910° C., air cooled. 
+ DVMR test specimen. 


Plain Carbon Steels Welded with Low-Alloy Chromium (plain carbon steel) made with a 5-mm. welding rod 
containing 0.2 C, 1.25 Mn, 0.75 Si, 0.15-0.30 Ni and 
0.15-0.30 Cr. Practically the same results were ob- 
tained by the latter author by using rods containing less 


arti pried Rea 1 30 silicon and no chromium (no details) or 3°Z Ni and Mn 
Singie-layer gas welds in and oV-mm. (no Cr) rods. The chromium-bearing rods, however, 
V/s and 1 /«in.) thick boiler plates containing 0.16 developed greater weld hardness, e.g., 175-190 vs. 130- 
and 0.24 c carbon. Herein =e reported only the sents 150 Brinell. The manganese loss during welding was 
obtained with chromium bearing rods. The rma 25%; that of silicon 35%. As for the welds in the 30- 
(°/r-in.) plates were V butt welded; the 30-mm. (1'/ein.) iam. plates of Theis and Zeyen, although inferior to 
ones were X welded by the double-sided vertical method, those of the 12-mm. plates in regard to bend ductility 
both sides being welded simultaneously to conserve weld- a4 impact strength, they did attain an ultimate tensile 
ing heat. The chemical composition and mechanical strength equal to, or above that of, the unwelded plates 
properties of the rods and all-weld-metal is reproduced in (60,000-68,000 psi.) (Table 42) 


Tensile Properties Bend Tests 


The 12-mm. welded plates of both carbon contents In the as-welded condition, all the welds of Theis 
had an ultimate tensile strength above 65,000 psi. in the and Zeyen*' in the 12-mm. plates reached an angle of 
as-welded condition, the latter value being the mini- 180° without cracking except those made with rods 4 and 
mum required in German specifications for boiler plate. 5 (Table 42) in the higher carbon plate, which may be 
The tensile strength of the unwelded plates ranged attributed to the higher alloy and carbon content of 
from 58,000 to 70,000 psi. Stress relieving (600° C.) both the plates and the rods. After annealing or nor- 
or normalizing (870-910° C.) had little effect on the ulti- malizing, however, also the latter welds reached a 180° 
mate tensile strength. Some specimens broke in the bending angle. Prior to all bending tests, all excess 
plate, others in the welds or the transition zone. Also metal was machined off to remove the effect of notches 
Stieler*? reports satisfactory ultimate tensile strength Also the gas welds of Stieler** withstood a 180° bend angle 
(64,000 psi.) of gas welds in 12-mm. thick St34 plates without cracking. 


Theis and Zeyen*! investigated the effects of various 
alloy additions to the welding rod on the mechanical 


Table 42—Mechanical Properties of Gas Welds in Boiler Plate. Theis and Zeyen"' 


Thick- Weld- TS., Psi. Elongation, Notch Impact, Bend Bend Elongation, 
ness ing % Mkg./Cm.? Angle,° 
Steel* Mm. Rodt at bt ct a b c eee c a b c a h 
A 12 2 67,000 65,400 65,500 40 50 45 i80 24 
3 67,000 65,400 65,500 40 50 45 7 bad 14 180 180 180 25 24 29 
4 68,300 64,000 66,800 50 45 50 ee 12 180 180 180 25 24 25 
5 67,000 65,000 65,000 52 650 531 6 6 12 180 180 180 23 2 2 
A 30 2 62,600 56,900 56,900 10 25 20 oe 14 50 100 50 99 1) 20 
3 62,000 62,600 64,000 10 20 34 § 3 50 20) 35 37 
4 59,800 59,800 62,600 10 30 £30 100 120 140 27 | 
B 12 2 78,200 76,800 74,000 28 38 32 S & 3 180 180 180 
3 81,000 74,000 76,800 18 14 24 180 
4 85,300 76,800 74,000 25 40 30 S$. 6 9 75 180 180 
5 81,000 78,200 78,200 40 45 50 eee 6 a0 180 §=180 
B 30 2 64,000 65,400 66,900 s 5 20 $23 5 20) 15 4() 
3 66,900 61,200 56,900 bad 8 9 5 3 J 25 50 70 
4 68,300 64,000 64,000 6 ; 7 & 10) 50 90 


* A: 0.16 C, 0.18 Si, 0.50 Mn, 0.010 P, 0.021 S. B: 0.27 C, 0.27 Si, 0.56 Mn, 0.018 P, 0.021 S. 

+ For composition and weld metal properties see Table 41. 

ta = as-welded: 5b = 2 hr. at 600° C., furnace cooled; c = 30 min. at 910° C. for steel A, at 870° C. for steel B, both air cooled 
(normalizing). 


1942 WELDING CHROMIUM STEELS 383-s 


p. 
rength 
21~99 
Ag 
Cr 
arious 
tment 
time 
reated 
©) 
= 
= 
he 
Psi. 
yle 39 
| 
4 
we 
oy 
Arc 
Ly 
dt 
a 
) 
= 
by 
one is 
ine 
} 
va = = : = 
: 


Less satisfactory results with regard to bending were 
obtained on the 30-mm. plates. None of the welds in 
either the lower or higher carbon steels reached an 
angle of 180° even after annealing or normalizing, al- 
though the latter treatment considerably improved it. 
Most of the specimens broke in the transition zone, very 
few in the weld. Microscopic examination revealed the 
presence of pores, oxides and notches extending from the 
surface, and the author tends to attribute the poor bend- 
ing deformation properties to the latter variables. In 
view of the fact that the welding was done by experts, 
the author expresses doubt as to the possibility of gas 
welding 30-mm. (1'/,-in.) plates satisfactorily, and sug- 
gests that the maximum limiting thickness for good gas 
welding be placed at 15 mm. (°/s in.). 


Notch Impact Strength 


None of the welds in either the 12- or 30-mm. plates 
showed the required 8 mkg./cm.? (German Specification) 
notch impact strength in the as-welded condition. 
Upon normalizing, however, the impact strength rose 
considerably above the required value; annealing (2 hr. 
at 600° C., furnace cooling) was either ineffective or often 
reduced the impact strength. The value of normalizing 
of these welds in regard to their impact strength can 
hardly be overemphasized. On the basis of tests on 
other alloy rod welds the authors state that multilayer 
welding would have the same effects on the impact 
strength of the welds as postnormalizing. Based on the 
same presumption the authors express the belief that 
metallic arc welds would yield satisfactory impact 
strength even without postnormalizing, since they are 
always multilayer welds. Furthermore, the grain refine- 
ment that accompanies are welding usually contributes 
toward improving the impact strength. 

In contrast to these results, the welds of Stieler*? (see 
above) did attain an impact strength of 8 mkg./cm.? 
in the as-welded condition, with the notch placed in 
either the middle of the weld or in the transition zone. 


Apparatus and Method 


N this investigation two copper-constantan thermo- 
couples were used. One thermocouple was used to 
measure the temperature of the bath while the other 

measured the temperature of the specimen. 

Cooling Flask.—The flask used for cooling the specimen 
was 4 in. in diameter and open at the top. This would 
permit the addition of the necessary cooling agents dur- 
ing a test. The entire flask was surrounded by hair felt 
to prevent too great a transmission of heat. This flask 
is shown diagrammatically in Fig. 1, and its method of 
mounting in the testing machine is shown in Fig. 2. 

i Originally submitted as a thesis by the two last-named authors in partial 


fulfillment of the requirements for the degree of Bachelor of Mechanical Engi- 
neering at the Polytechnic Institute of Brooklyn, June 1936. A Contribution 


to the Fundamental Research Division, Welding Research Committee. 


t Associate Professor, Metallurgical Engineering, Polytechnic Institute of 
Brooklyn. 


} Former students, Polytechnic Institute of Brooklyn 


Tensile Tests of Stainless Steel Welds 
at Low Temperatures 


By O. H. Henry,+ G. K. Wicks{ and Bernard Hirshkowitz{ 
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It is hard to evaluate the precise cause of this disagree 
ment, except to say that in general the latter author’. 
rod contained a somewhat lower total alloy content, 
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Grips.—The grips were (two) 1°/s-in. steel rods having 
a threaded hole in one end to accommodate the specimen 
and a thread at the other end to receive a nut and washer 
through which the load was applied by the testing ma- 


chine. The upper grip had a */,.-in. hole drilled through 
its entire length to permit the insertion of a thermocouple 
into the specimen. 


Extensometer 


In previous tests of this type conducted at the Poly- 
technic Institute the results have been limited to those 
which could be obtained without the use of an extenso 
meter because the cooling chamber used prevented the 
use of any standard extensometer. An attempt was 
therefore made to design and construct an extensometer 
which could be employed in tests of this type without 
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interference with the cooling apparatus. Such a device 
makes possible the determination of the elastic limit, 
modulus of elasticity and modulus of resilience. 

The details of the final design are shown in Fig. 3. 
The upper collar is designed with four set screws and 
remains rigidly attached to the specimen, while the lower 
collar is free to pivot about the points of its two 

set screws. As the 

specimen elon- 

gates under the 
influence of an 
applied load, the 
motion of the 
lower collar is 
transmitted up- 
ward to an Ames 
gage which is 
located outside the 
cooling chamber. 
A piece of brass 
pipe is screwed 
into the upper 
collar and serves 
to hold the Ames 
gage in a fixed 
position. The 
motion of the 
lower collar is 
transmitted by 
means of a brass 
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against the collar 
and the other end 
rides against the 
pin of the Ames 
gage. Points on 
N the two collars 
directly opposite 
' the point of gage 
attachment are 
maintained at a 
distance of 2 in. 
from each other by 
means of a brass 
spacing rod and a spring. The spring pulls the two col- 
lars together and clamps the space rod into position. 
The use of this space rod arrangement causes the readings 
on the Ames gage to be double the actual elongation in 
the specimen, and, since the collars are attached to the 
specimen at points 2 in. apart, the strain in the specimen 
is equal to the gage reading divided by four. The gage 
is so designed that it may be partially removed after the 
elastic limit has been passed without disturbing the setup. 
The brass pipe can be unscrewed and removed along 
with the rod, and the spring can be unhooked from the 
upper collar by means of a piece of cord. This leaves in 
the cooling chamber only the two collars and the space 
bar, neither of which will be harmed when the specimen 
breaks. The collars are constructed of aluminum in 
order that the shock on the set screws will be a minimum 
when the specimen breaks. 

It is necessary to use a one ten-thousandth-inch Ames 
gage in order that the readings obtained will be of an 
appreciable size. 


Fig. 1—Cross Section of Flask 


Specimens 
Standard 2-in. long 505-in. diameter specimens were 
used (Fig. 4). The welded specimens were supplied by 
the Allegheny Steel Company. The material used for 
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Fig. 2—Method of Mounting Flask in Testing Machine 


the specimens was cut from a ’ 
following chemical analysis: C, 0.06°); Cr, 


Ni, 9.21%. 


s-in. plate which had the 
19.89% 


The specimens were welded with welding rods which 


had the following analysis: 


Ni, 8.91%. 


19.72% 


C, 0.083%: Cr, 


The welds were made by welding two plates together 


with a “V"’ type 
weld. The welded 
plates were then 
cut into strips 
perpendicular to 
the welded seam 
and the strips were 


turned into the 
standard 2-in. test 
specimens. A 
hole was 
also drilled into 


the end of each of 
the specimens to 
permit the inser- 
tion of a thermo- 
couple for temper- 


ature measure 
ments. 
Punch marks 


were placed on the 
narrow section of 
each specimen at 
a distance of 2 in. 
apart in order that 
the total elonga- 
tion might be 
measured. 


Temperature 
Control 


For the tests 
conducted at 20° 


— 


LOW TEMPERATURE TESTS OF STAINLESS STEEL 


Fig. 3—Extensometer 
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Fig. 4—Details of Welded Tensile Specimen 
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C., the cooling chamber was filled with tap water, and 
for the tests at 0° C. the temperature was maintained 
by means of a mixture of ice and water. The tempera- 
tures below zero were obtained by filling the cooling 
chamber with absolute alcohol. The temperature desired 
was then obtained by the rate at which solid carbon 
dioxide was added. It was found that the best results 
could be obtained by crushing the carbon dioxide to a 
powder and adding it to the bath in this form. When 
used in this form, the carbon dioxide sublimed very 
rapidly and consequently the temperature could be con- 
trolled within very close limits. 


STANUESS $1 
PLATE METAL 


ELEGTRIC 


ULTIMATE STRESS-POUNDS PER SQUARE INCH 


20 0 -20 -40 -60 -80 
TEMPERATURE- °C. 
Fig. 5—Minimum and Maximum Ultimate Strength of Welded 
Specimens 
Testing Procedure 


Before beginning the actual tests of the stainless steel 
specimens, the extensometer was tested by running a 
test upon a cold-rolled steel specimen. A stress-strain 
curve was drawn, and the modulus of elasticity was found 
from the curve to be 28,900,000 psi. This value checked 
very well with the values given in the handbooks and the 
extensometer was assumed to be working satisfactorily. 

For the principle tests, the testing machine was run 
very slowly in order to prevent a rise in the temperature 
of the specimen. The tests were not started until the 
two thermocouples were in agreement, and during the 
tests the readings of the two were kept constant and in 
agreement. 


Conclusion 


Two sets of curves were drawn in order to show 


the maximum and minimum values of the ultimate 
strength as well as the average values. Three specimens 
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STAINLESS SFEEL 
FAL 


ULTIMATE STRESS-POUNDS PER SQUARE IN. 
120, 


20 ° -20 -40 -60 -80 
TEMPERATURE -°C. 
Fig. 6—Average Tensile Strength of Welded Specimens and Base 
Material 


of each type were tested at each temperature and the 
strengths of the weakest and the strongest specimens are 
plotted in Fig. 5 while the averages of all three are 
plotted in Fig. 6. The results of tests on the stainless 
steel plate metal were abstracted from the thesis of Mr. 
Charles Alfson and plotted to the same scale in order to 
afford a comparison between the welds and the plate 
metal. 

The curves show a very marked imcrease in strength 
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with a decrease in temperature for the arc welds. The 
average increase was approximately 50%. The arc 
welds also showed a very high efficiency on the average 
and in one case the efficiency was 94%. 

The elongations and reductions in area (Fig. 7) varied 
so widely that it was found impossible to draw any defi- 
nite conclusions. The same was also true of the elastic 
limit, the modulus of elasticity and the modulus of 


resilience. The elastic limit did, however, show a general 
but irregular increase with a decrease in temperature 
The irregularity could have been caused by the non 
homogeneous composition of the material in the 2-in 
section which was tested. 

The fractures were of the cup and cone type for the arc 
welds in the majority of cases and showed a very fine and 
close-grained structure. 


The Effect on the Endurance Limit of 
Submerging Welded Fatigue 


Specimens in a 


Cold Chamber 


By O. H. Henry? and S. Cannizzaro* 


Method of Testing 


HE same procedure and apparatus used in this 

report was described in a previous report published 

in the Welding Research Supplement by O. H. 
Henry and T. D. Coyne, May 1942. 


Material 


The specimens were furnished by the Carnegie-Illinois 
Steel Company, Inc. (see Fig. 1). 
The chemical analysis of U. S. S. 18-8 is given below. 


Chromium 16-20% 
Nickel 8-12% 
Manganese max. 0.50% 
Silicon max. 0.50% 


Carbon 0.05-0. 15% 


Welding was done with a °/3-in. electrode 125 amp. 
with 24 arc volts shielded arc electrodes. 


Test Data 


The tests were run at each of the following temperatures: 
20° C., 0° C., —20° C., —40° C., —60° C. and —70° C. 
One base metal and three welded specimens were tested 
at each of the above temperatures. The tests were con- 
ducted at the rated speed of the motor, 2000 r.p.m. 


Table | 
Average 
Tempera- Test Values of Endurance Limit, Value, 
ture, ° C. Lb./Sq. In. Lb./Sq. In 
Welds 
20 59,800 — 63,600 — 60,300 61,200 
0 61,900 — 61,100 — 61,500 61,500 
—20 64,000 — 65,200 — 63,500 64,200 
—40) 64,000 — 61,500 — 56,000 60,500 
—60 63,100 — 60,600 — 60,500 61,400 
—70 60,500 — 64,200 — 63,000 62,600 


Plate Metal 


A total of twenty-four tests were conducted over a 20 59,000 
temperature range from room temperature to —70° C. o 60,100 
—20 63,600 
* Submitted originally as a thesis in 1939 by S. Cannizzaro in partial ful- —40 59,000 
fillment of the requirements for the degree of Bachelor of Mechanical Engi- —60 61 =) 
neering at the Polytechnic Institute of Brooklyn. = 4 rf 
t Associate Professor, Metallurgical Engineering, Polytechnic Institute of —i0 61,900 
Brooklyn, Brooklyn, N. Y. 
Former Student, Polytechnic Institute of Brooklyn. —— — = 
— 
of Bel/ hace 
| 
v 
— 
Fa, 
| 
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Fig. 1—Form of Test Specimen 
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Fig. 2 

These macrographs of the weld were taken of sections cut from 
both ends of the plate. A total of eleven layers of weld metal were 
used. They also show that the plate was chipped at the vertex of 
the vee and rewelded. The striations in the plate metal due to 
rolling may easily be seen. The macros were etched for 45 min. 
in a solution consisting of 50% concentrated hydrochloric acid in 
water at a temperature of 160° F. 


Conclusions 


From the Summary of Results and from Figs. 3 and 4, 
it may be seen that the endurance limit increased as the 
temperature decreased but with the exception at —40° 
C. At this point, the endurance limit of both the base 
and welded specimens showed a drop to around that at 
room temperature. The average endurance limit for the 
welds was from 1000 to 2000 Ib. higher than the base 
metal. The authors cannot offer any reason on why the 
endurance limit should drop at —40° C. Tests conducted 
on mild carbon steels by Mr. Coyne, Mr. Stirba and Mr. 
Calarmi showed a sharp rise in the endurance limit at 
—40° C. An examination of the microstructure of the 
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Fig. 4—Relation Between Temperature and Endurance Limit. 
Maximum and Minimum Values for Welds Are Shown 


stainless steel still revealed no change at that tempera- 
ture. 

The results of the long-time test showed the endurance 
limit of the base metal to be around 45,000 Ib./sq. in. 
The short-time test gave an endurance limit of 59,000 
lb./sq. in. This difference may be accounted for by the 
fact that both the speed and method of loading were 
different. The long-time tests were conducted at a speed 
of 10,000 cycles per minute. H. F. Moore and J. B. 
Kommers state the endurance limit will tend to rise as 
the speed of testing isincreased. In these short time tests, 
a constant deflection loading was used, whereas the long- 
time tests used a constant load loading. If any set oc 
curred during testing by the constant deflection mrethod, 


the applied stress would be lower, which would give a false 


indication of the endurance limit. Several long-time 
welded specimens ‘‘Ran out’ at 50,000 and 55,000 Ib. 
sq. in. of stress. Upon etching it was noticed that the 


critical section was in the center of the weld, therefore 


only weld metal was being tested. 


Fig. 1 70.000 oe 
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Welding Chromium Steels 


Part II—Welding Aircraft Cr-Mo Steels 


Part II]—Welding Heat, Wear and Corrosion- 
Resistant Chromium Steels 


A Review of the Literature from July 1, 1937 to 
January 1, 1941 


By W. SPRARAGEN* and H. H. CHISWIK* ° 


This report is prepared under the auspices of 
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SUMMARY 
Part II—Welding Aircraft Cr-Mo Steels 


Most steels used for aircraft tubular structures are of 
the S.A.E. X4130 variety, containing 0.27—0.33 C, 0.40— 
0.60 Mn, 0.80—1.10 Cr and 0.15—0.25 Mo. 


Flame Control 


No special difficulties are encountered in welding thin 
(1-mm.) 0.04-in. sheets of these steels if care is taken to 
maintain a neutral flame. Equally good results are, 
however, reported by some authorities who favor a slight 
excess of acetylene because it is faster and permits weld- 
ing at lower temperatures, thereby preventing excessive 
grain growth. 


Tensile Properties 


Oxyacetylene butt welds in 1-mm. (0.04-in.) thick Cr- 
Mo sheets, containing 0.28 C, 0.54 Mn, 0.24 Si, 0.93 Cr 
and 0.18 Mo and welded with a base metal filler rod, 
showed an average tensile strength (5 specimens) in the 
“‘as-welded’”’ condition of 102,000 psi. The unwelded 
sheets, as delivered, had the following mechanical proper- 
ties: tensile strength = 115,200 psi., yield strength = 
92,400 psi., elongation = 16-20%. Gas welds have been 
produced with a base metal filler rod in 0.047-in. thick 
X 4130 “‘as-rolled”’ sheets with tensile strength of 120,000 
psi. in the ‘‘as-welded”’ condition as against 170,000 psi. 
for the unwelded sheet. 


Weld Hardness and Bend Ductility 


Gas butt welds in thin (0.04-in.) chrome-moly tubing 
are subject to only slight hardening, not exceeding 210 
Brinell, according to one investigator. Ti (0.15%) im- 
proves the bending quality of metallic arc welds in S.A.E. 
X4130 steel (elongation increased from 21 to 30%) 
even when h_ accompanied by higher manganese (0.85%), 
or by 0.31% copper. Steels with 0.15% titanium or with 
0.09 Ti + 0.31 Cu bent most after welding. 


Fatigue Strength 


Bending fatigue strength of gas-welded X4130 tubing 
(1.10 in. O.D., 0.04 in. thick) is about 18-20,000 psi. as 
compared with 41,300 psi. for base metal. Oil quenching 
from 1540° F. raised the fatigue strength of the tubes to 
28,300 psi. 
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Welding Rods 


Most of the oxyacetylene welding in Cr-Mo aircraj; 
tubing is done with either soft plain low carbon filler rods 
or Cr-Mo rods of approximately the same composition 
as the base metal. The welds made with the former 
however, are relatively not as strong (with no reinforce. 
ments), while the latter introduce dangers of cracking 
due to embrittlement. For non-heat- ‘treatable welds 
plain carbon rods are to be preferred, since they give q 
more ductile weld metal; however, where strength js 
essential and heat treatment possible, either Cr-Mo or 
Cr-Mn-Si rods (0.40 Cr, 1.25 Mn and 0.25 Si) should be 
used. Substitution of nickel either partly or wholly in 
appropriate amounts for chromium and molybdenum 
generally reduces the crack susceptibility by at least 25% 

One good rod tested contained 16.7% nickel and ; a 
medium content of manganese (1.10%). 


Cracking 


There appears to exist a definite relationship between 
the S, P and C contents of a steel and its crack sensi- 
tivity. Furthermore, most investigators noted that the 
method of manufacture of a steel, e.g., the finishing 
temperature of a heat and the type of deoxidizing agent 
used, also have a bearing on its cracking behavior, higher 
finishing temperatures being associated with less crack 
ing. The presence of a copper coating on the welding 
rod or the base sheets enhances the weld crack sensitivity 
of Cr-Mo sheets. Reducing carbon content from ().3!) 
to 0.20 per cent (0.9 Cr, 0.20 Mo, 0.50 Mn) eliminates the 
cracking problem. One author rates the suitability o/ 
processes as far as freedom from csack sensitivity is con 
cerned in the following order: metal arc, atomic hydrogen 
and gas welding; another rates these processes in exactly 
the opposite order. 


Weldability of Substitutes for Cr-Mo Steels in Aircrait 
Construction 


In an effort to conserve strategic alloying elements 
for war production, a number of German investigators 
have in the past few years attempted to develop sub 
stitutes for the commonly used Cr-Mo steel in aircrait 
construction. 

The substitution of vanadium for molybdenum in 
equal proportion yields a steel that has mechanical 
properties equal to, and sometimes better than, thos 
possessed by the Cr-Mo aircraft steels. As for weld 
ability, these Cr-V steels are in many respects superior to 
the Cr-Mosteels. The Cr-V sheets (1—1.5 mm.) could be 
welded with either base metal or soft plain carbon filler 
rods; in both cases the welds proved free from crack 
sensitivity as tested by the Focke-Wulf method. 

In view of the generally satisfactory mechanical prop 
erties and especially the good weldability, one author 
recommends a Cr-Mn steel containing 0.21-0.25 C, 
1.3-1.5 Mn, 0.03 P max., 0.03 S max. and 0.6-0.8 Cr 
as a substitute for Cr-Mo steels. 

Other investigators recommend as substitutes for the 
Cr-Mo aircraft type two steels of the following compos! 
tion: 0.3 C, 1.4 Si, 1.2 Mn, 0.25 Mo or 0.3 C, 0.57 5, 
0.9 Mn, 0.6 Cr and 0.2 Mo. Welds in these steels wer 
equal to that of the soft annealed strength of the plate 
108,000 and 103,000 psi., respectively, and free from 
crack sensitivity. 
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Part II]—Welding Heat, Wear and Corrosion- 
Resistant Cr Steels 


Welding Cr-Si-Mo Heat-Resistant, High-Pressure Steels 


[he straight chromium steels, with chromium con- 
tents up to 2-3%, do not present any special welding 
dificulties. Best results are obtained with these steels 
if the carbon content is kept below 0.08%; if the carbon is 
higher, the welds should be preheated or stress relieved. 
Good gas welds stronger than the plate material (81,000— 
45,000 psi.) and with good ductility have been produced 
in ‘/y-in. and 7/s-in. thick Cr-Mo-Si tubing containing 
0.06-0.12 C, 2-3 Cr, 1-1.5 Si, 0.5-0.8 Mo. Two weld- 
ers worked simultaneously, one doing the preheating 
and the other the welding. The welds were stress re- 
lieved with a muffle furnace built around the work. 

Specimens cut from flash-welded tubes (0.20 C, 3.0 Cr, 
0.6 Mo and 0.6 W) welded in a protective gas and heat 
treated, showed excellent bending properties. 


Welding 4.6% Chromium Steels 


Tensile Strength 


Multiple-pass shielded metal arc-welded pipes (10*/, 
in. O.D., */s in. wall thickness; analysis—0).14 C, 0.39 
Mn, 0.38 Si, 4.70 Cr and 0.46 Mo) in the “‘as-welded”’ 
condition with no preheat failed in the parent plate, 
yielding a tensile strength of 79,000 psi. Preheating is 
necessary, however, to prevent cracking as the first 
pass is deposited on cold plate. 

Single-pass Union-melt butt welds in */s and */,-in. 
plates, made with base metal '/,-in. electrodes, yielded 
tensile strength values of 67,390 and 77,510 psi., re 
spectively, after annealing for 1 hr., at 1625° F. 

4% Chrome-'/2% Moly steel plates, metallic arc 
welded with base metal electrodes, broke in either the 
plate or the weld, yielding a tensile strength of 65,000 
67,000 psi. The plates were preheated and annealed 
after welding. Oxyacetylene butt-welded '/,-in. an- 
nealed plates containing 0.07 C, 5.51 Cr, 0.50 Mo and 
0.37 Ti showed a tensile strength of 55,000-65,000 psi. 
“as-welded.”’ The welding rods contained 6-S8% chro- 
mium and were columbium bearing. 

As-welded metallic arc welds (base metal electrodes) 
in these steels snapped upon reaching angles well below 
‘0°. Preheating alone did not improve the bend angle; 
stress relieving (1350° F.), however, restored the duc- 
tility completely, so that 180° bend angles were easily 
reached. ‘‘As-welded’’ atomic hydrogen welds were 
even more brittle than metallic arc welds in the “‘as- 
welded” condition but yielded 180° bend angles when 
stress-relieved. Local blowpipe annealing (3 min. at 
1200-1400° F.) improves the ductility considerably, 
raising the free bend angle of oxyacetylene welds from 
15-90" to 120—-180°. 

The welds produced in the columbium-bearing 4 to 
6% chromium steels with the 24% chromium and 12% 
nickel steel rods possess a high degree of ductility and 
toughness and the metal is not greatly hardened in the 
adjacent zones. Izod impact values of at least 35 ft.-Ib. 
will be obtained in these welds and in the adjacent zones, 
showing that the unannealed welds are sufficiently 
tough for many purposes. 


Welding with Austenitic Electrodes 


Welding with austenitic electrodes without preheat or 
post annealing results in a hard and brittle adjacent 
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zone in much the same way as when welding with base 
metal electrodes, except that the weld proper in the 
former case is considerably softer. Welds made with 
19-9 and 25-20 chrome-nickel electrodes were able to 
bend 180° without cracking, the latter showing some 
what greater ductility and lower weld hardness (in weld 
metal proper). The tensile strength of these welds 
compared favorably with those made with base metal 
electrodes (70,000 psi., fracture in plate, vs. 67,000 psi., 
both “‘as-welded’’). 


Welding Stainless Chromium Steels 


Plain Chromium Steels 


Air Hardening and Grain Growth.—-As in the case of the 
4-6% Cr steels, the solution to these problems has been 
found in either preheating and subsequent heat treat- 
ment or adding certain elements that inhibit air harden- 
ing. Thus, with chromium steels containing Cr < 16% 
preheating to 300-500° F. and subsequent furnace cooling 
should be employed to counteract the air-hardening 
effect; preheating, however, is unnecessary if austenitic 
electrodes of the 25 Cr-20 Ni or 25 Cr-12 Ni type are 
used, provided the work is not allowed to become too 
warm during the welding operation. Adding 0.20-0.40% 
Al to 12-16% Cr steels eliminates the problem of air 
hardening, according to one author. 

The ferritic chromium steels present the problem of ex 
cessive grain growth, which cannot be cured by heat 
treatment alone. Many mills are producing these 
steels with additions of Ne which re@uces grain growth 
and improves the grain structure of the heat-affected 
zone adjacent to the weld. Both 17% and 27% Cr 
irons (0.08% and 0.13% C, respectively) can be are 
welded successfully with 18-8 or 25-12 electrodes, al 
though annealing may often be required to produce de 
sirable ductility in the heat-affected zone of the parent 
plate. 


Austenitic Type 


Tensile strength of metallic arc and gas butt welds in 
3/,-in. plates containing 16-20 Cr, 8-12 Ni, 0.50 Mn, 
0.50 Si, 0.05—-0.15 C and welded with a low carbon aus- 
tenitic filler rod (0.083 C, 19.72 Cr and 8.91 Ni), in 
creased considerably as the temperature dropped from 
+20° C. to —80 C.; their elongation and reduction of 
area values decreased only slightly. The plates were 
annealed at 1950° F., and air cooled. The impact 
strength at these temperatures of the welds was 80% of 
the base metal. 


Spot Welding Thin Gage 18-8 


Welding Conditions._-For spot welding 1S-S sheets, 
0.040 in. thick, one authority recommends the following 
welding conditions: current timing 2-10 evecles, 
welding pressure = 15,000—40,000 psi., kva. input 
16-25. The above settings are to be applied with elec 
trodes whose contact area of the welding face is 0.015 
0.08 sq. in. The Welding Research Committee found 
that 50,000 psi. (°/:.s-in. diameter electrode) 1s about the 
optimum pressure for spot welding 0.06S-in. thick 
sheets, although very good results, with only slightly 
less strength, could be obtained at 40,000 psi. Six 
cycles were found by the same authors to be preferable 
to two cycles and very slightly preferable to 4 cycles, the 
shorter times showing a considerable area of incipient 
fusion around the weld. 
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Introduction 


OST steels used for aircraft tubular structures 

are of the S.A.E. X4130 variety, containing 
0.27-0.33 C, 0.40-0.60 Mn, 0.80-1.10 Cr and 
0.15-0.25 Mo. Due to the sluggish and peculiar mode 
of transformation of these steels at subcritical tempera- 
tures, as shown by way of illustration in Fig. 1 for an 
S.A.E. 4140 steel (Davenport'), the heat-affected zone 
of welded thin tubular sections usually hardens exces- 
sively on ordinary air cooling, the degree and depth of 
hardening being determined by the cooling rate. The 
latter is controlled, in addition to the section size factor, 
by many purely welding variables, such as welding speed, 
size and composition of flame, heat input and rod com- 
position. In view of this close relationship between the 
welding variables and cooling rate and their subsequent 
effect on the mechanical properties, the reviewers have 
taken pains to include in each case the precise conditions 
of welding and testing, even if at the risk of repetition in 
some cases. 


General Observations 


S-Curve and Weld Hardening 


On the basis of the S-curve data for an S.A.E. 4140 steel 
as shown in Fig. 1, Aborn® has calculated the approxi- 
mate safe cooling velocity to avoid martensite formation 
in that steel to be 60° F./min. in the temperature inter- 
val between Ae, and 650° F. (see Table 1, Part I). For 
S.A.E. X4130 steels, the maximum safe cooling rates 
would be somewhat higher, of course, because of their 
lower carbon content. In the opinion of the reviewers, 
however, it is questionable whether the observed weld 
hardness in these steels is due to martensite formation 
solely, if at all, since it may well be the effect of the 
critical intermediate transformation at about 900° F., 
the products of which are also often hard and brittle. 
A similar opinion is voiced by Bonhomme’® and also by 
Schulz and Bischof‘ for Cr-Mn steels on the basis of the 
fact that the observed weld hardness hardly reaches 
values corresponding to martensitic hardness. If this 
were true, excessive weld hardening in the S.A.E. X4130 
steels could be avoided by either preheating to tempera- 
tures above 900° F. and holding the weld at that tem- 
perature for a sufficiently long time to insure complete 
transformation to the pearlitic products or by very slow 
continuous cooling to achieve the same end. Although 
such a treatment may not yield the maximum obtain- 
able tensile strength properties, it may be significant, 
however, in cases where the welds cannot be heat treated 
at all, since brittleness is in most practical applications 
more hazardous than slightly lower tensile strength. 


Flame Control 


No special difficulties are encountered in welding thin 
0.04-in. (1-mm.) sheets of these steels if care is taken to 
maintain a neutral flame, according to Bonhomme.* 
A slight excess of oxygen is often beneficial, according 
to the latter author, since the formed oxide tends to act 
as a scouring flux. Birdsall,’ however, claims that an 
excess of oxygen forms FeO and causes overheating and 
burning, both results leading to cracking difficulties. 
For the same reasons another source® considers it good 
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Fig. 1—-Isothermal Transformation Curve for S.A.E. 4140. 
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practice to weld in a hydrogen atmosphere. Excess 
acetylene is to be avoided since it leads to carbon pick-up 
resulting in increased weld hardening.’ The introduc 
tion of 0.04% carbon may increase the hardness by 20°% 
and reduce the ductility by 66%, according to Water 
worth and Mowbray.’ For the same general reasons 
carbon are welding is not appropriate.* In contrast to 
these views, Eckman® states that welding by the excess 
acetylene method has largely supplanted fusion weld 
ing with the neutral flame, chiefly because (a) it is faster 
and permits more attention to be given to rod manipula- 
tion, (b) due to the rapid melting of the carburized layer 
the welding is carried on at a lower temperature and ex 
cessive grain growth is thereby prevented and (c) th« 
carburizing atmosphere tends to eliminate a decarburized 
surface on the tubing at the weld. (Nore: For other 
effects of flame composition see section on Cracking. ) 


Tensile Properties 


Oxyacetylene butt welds in l-mm. (0.04-in.) thick Cr 
Mo sheets, containing 0.28 C, 0.54 Mn, 0.24 Si, 0.93 Cr 
and 0.18 Mo and welded with a base metal filler rod, 
showed an average tensile strength (5 specimens) in th« 
as-welded condition of 102,000 psi., in the tests of Bon 
homme.’ The tensile test specimens were cut perpen 
dicular to the weld and the top reinforcing bead ma- 
chined flush with the surface. The unwelded sheets, as 
delivered, had the following mechanical properties 
tensile strength = 115,200 psi., yield strength = 92,400 
psi., elongation = 16-20°; the corresponding values tor 
all-weld-metal in the as-welded condition were 123,00) 
psi. (T.S.), 108,000 psi. (Y.S.) and 10% elongation 
With the all-weld-metal having higher tensile and yield 
strength properties than the base sheets, the welded 
specimens naturally broke outside the weld. 1) 
somewhat lower ductility of the all-weld-metal is at 


SEPTEMBER 


ay 
| n 
‘ Ss 
d 
— 10 
| | 
| 
\ 
Fi 
: 
3 
| 
| 
at 
AGE 


Cc. 


40. 


.CeSS 
<-Up 
duc 
209, 
iter 
Sons 
t to 
cess 
eld 
ster 
ula- 
ayer 
ex 
the 
ized 
ther 


tributed by the author to the sorbitic structure resulting 
from air cooling. After reheating the weld and its 
neighboring zone locally with the torch, the tensile 
strength increased only slightly (to 104,000 psi.; no 
details of temperatures reached), all specimens fractur- 
ing again outside the weld. Local reheating with the 
torch is recommended, however, by the author prin- 
cipally because of the resulting grain size refinement. 
The effects of torch reheating are shown in Table 1. 


Table 1—Tensile Strength of Oxyacetylene Butt-Welded 
Cr-Mo Sheets (0.04 In. Thick). Bonhomme’ 


Spec As- Welded Speci- Reheated with Torch* 
men T.S., Psi Ruptured men T.S., Psi Ruptured 
105,200 Outside of weld 1 99,400 Outside of weld 
2 99,600 Outside of weld 2 108,100 Outside of weld 
: 101.000 Outside of weld 3 101,000 Outside of weld 
4 99,600 Outside of weld 4 109,500 In weld 
5 104,500 Outside of weld 5 105,300 Outside of weld 
Ave 102,000 Avg. 104,000 


* No temperature given. 


Industry and Welding® states that in unheat-treated 
oxyacetylene welds in S.A.E. X4130 steels there is 
usually a 10% decrease in the tensile strength of the 
transition zone. From the same source are reproduced 
in Table 2 the physical properties of 0.047-in. thick 
X4130 sheets, welded with various filler rods and after 
various heat treatments. As-rolled sheets welded with a 
base metal filler rod showed a tensile strength of 120, 
000 psi. in the as-welded condition, as against 170,000 
psi. for the unwelded sheet. Welds made with soft iron 
welding rods had a lower tensile strength (100,000 
108,000 psi.). In Table 3 are reproduced the physical 
properties of as-welded and unwelded S.A.E. X4130 
tubing ranging in diameter from */, to 1'/, in. with a wall 
thickness of 0.028—0.093 in. 

In agreement with the results of Bonhomme (see 
above) Wulfson' also finds that local torch reheating 
beyond 800-900° C. increases the tensile strength and 
decreases the elongation (no details) of gas butt welds in 


Table 2—Physical Properties of Gas-Welded S.A.E. X4130 (0.047 In.). 
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Fig. 2—-Hardness Distribution in Gas Welds of Thin Cr-Mo 
Aircraft Sheets. Bonhomme 


l-mm. (0.04-in.) thick Cr-Mo sheets containing 0.20 C, 
0.50 Mn, 1.00 Cr, 0.25 Mo and welded with soft low car- 
bon filler rods, in spite of precautions to cool slowly (no 
details). 

Birdsall’ reports that oxyacetylene butt welds in 
S.A.E. 4130 steel (0.25-0.35 C, 0.50—-0.80 Cr and 0.15 
0.25 Mo) have a tensile strength of 90,000 psi. after 
heating to 1600-1700° F. followed by air cooling (no 
details). 


Weld Hardness 


Gas Welds 


The weld hardness distribution in the oxyacetylene 
butt welds of Bonhomme* (welds with base metal filler 
rod in 0.04-in. sheets) in the as-welded condition and 
after local torch heating (no details) is shown in Fig. 2. 
The hardness variations are small and in no way do they 
suggest the presence of martensitic areas, according to 


Industry and Welding*® 


Condition of Sheet Filler Tensile Strength, Yield Point, Elong., Zo Bend Angle, 
Before Welding After Welding Rod Psi. Psi 1L3VA Deg 
As rolled Ce ee 170,000 142,000 9.2 95 
0.Q. 1690; D 1180 124,000 110,000 14.9 bend 
As rolled Untreated Base metal 116,000 +.9* 170 
As rolled Untreated Base metal 120,000 108,000 1.5 180) 
0.Q. 1690; D 1180 Untreated Base metal 136,000 113,000 6.7* 155 
0.Q. 1690; D 1180 O0.Q. 1690; D 1180 Base metal 115,000 100,000 7.5 L180) 
As rolled Untreated 2% Cr 116,000 104,000 3.1° 170 
As rolled 0.Q. 1690; D 1180 2% Cr 113,000 108,000 2.0 180 
0.Q. 1690; D 1180 Untreated 2% Cr 117,000 96,000 9.0* 175 
0.Q. 1690; D 1180 0.Q. 1690; D 1180 2% Cr 117,000 96,000 9.0" 175 
As rolled Untreated Soft iron 108,000 hens 2.5 170 
As rolled 0.Q. 1690; D 1180 Soft iron 104,000 94,000 1.5 180 
0.Q. 1690; D 1180 Untreated Soft iron 165 
0.Q. 1690; D 1180 0.Q. 1690; D 1180 Soft iron 100,000 94,000 ‘7 LSO 


* Broke outside of weld. 


Table 3—Physical Properties of As-Welded and Unwelded S.A.E. X4130 Tubes. Jndustry and Welding® 


Physical Properties 


= — ——§Analysis———— Tensile Strength, Vield Point, Elong., %, 
* Mn Cr Mo Specimen Psi. Psi. 2 In 

0.28-0.35 0.30-0.60 0.90-1.00 0.15-0.25 Unwelded 98,000 75,000 12.0 

0.28-0.35 0.30-0.60 0.90-1.00 0.15—).25 Welded 96,000 72,000 7.0 

0.25-0.35 0.40-0.60 0.80-1.10 0.15-0.25 Unwelded 95,000 60,000 

0.25-0.35 0.40-0.60 0.80-1.10 0.15-0.25 80,000 50,000 


Welded 
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the author, for at no part did the hardness exceed 210 
Brinell. The author concludes that the slight air harden- 
ing that takes place is not sufficient to cause inadmis- 
sible brittleness. Local heating with the torch (no 
temperatures given) did not remove the slight harden- 
ing. A minimum in the hardness was found at about 
10-20 mm. away from the center line of the weld, and 
fracture on tension occurred in that softened zone. 

Wulfson" recommends the double treatment of heat- 
ing to 850° C., air cooling and reheating to 650° C. in 
order to remove the hardened zone of gas welds in 1-mm. 
(0.04-in.) thick Cr-Mo sheets with the aid of local torch 
heating. Reheating only to 850° C. enlarged the hard- 
ened zone around the weld; if followed by reheating to 
650° C., however, both the size and maximum hard- 
ness of the hardened zone decreased. 


Effect of Titanium 


Additions of up to 0.1% titanium to an S.A.E. 
X4130 plate do not decrease the induced weld hardness 
in the heat-affected zone when a single bead metallic arc 
weld is deposited on it, according to Comstock.” Slower 
welding rates were much more effective. Microscopic ex- 
amination, however, revealed that additions of titanium 
reduced the size of the hardened zone and resulted in a 
general constriction and grain refinement of the coars- 
ened heat-affected zone. (For additional hardness data 
see sections on Welding Rods, and Weldability of Substi- 
tutes for Cr-Mo Steels in Aircraft Construction.) 


Bend Ductility 


From preliminary tests on unwelded plates Comstock™ 
concluded that even as little as 0.039% titanium im- 
proves the grain structure and impact resistance of 
S.A.E. X4130 steels after normalization. The slight 
yield strength reduction that accompanies the addi- 
tion of titanium may be overcome by increasing the 
manganese content (to about 0.85%). To study the 
effect of this element on weldability, the author deposited 
single bead metallic arc welds on normalized (1650° 
F., 1'/2 hr.) plates and tested their bend ductility. The 
welding conditions were as follows: 200 amp., 75 volts, 
5/so-in. No. 5 Fleetweld electrodes, bead 12 in. long and 
7/1e in. wide. The time of deposition was such that a 
single electrode was consumed in making each bead. 
With the beads ground flat and 1-in. lengths marked out 
along the center, the test specimens (9'/2 in. long) were 
bent slowly in an Olsen cold-bend machine around a pin 
of 1.5 in. diameter, the weld being on the outside. None 
of the specimens cracked in this test, which was con- 
tinued to 170°. The beads were then flattened in a 
compression machine until cracks occurred outside the 


Table 5—Effect of Heat Treatment on Bending Strength of Tubing. Industry and Welding® 


Table 4—Effect of Ti on Bend Properties of Meta] aa 
Welded S.A.E. X4130.* Comstock" 


Max 
Welding Width Elong., 
Heat Extra Alloy Rate, of Bend, %, How Crack 
No Content In./ Min. In. 1 In. Occurred 
1 Untreated 9.8 1.49 21 Suddenly across 
weld and plate 
2 0.039 Ti 7.1 1.37 27 
3 0.068 Ti 10.0 1.51 23 
4 0.104 Ti 9.6 1.48 23 In weld and part}, 
5 0.15 Tt 9.8 1.16 30 in plate j 
6 0.093 Ti + 0.85 Mn 9.0 1.45 24 
7 0.09 Ti + 0.31 Cu 10.3 1.27 | 
0.098 Ti + 0.78 Cu 10.0 1.68 23 


* Single beads on '/s-in. plates 
t This steel contained 0.30% C instead of the 0.33 to 0.34% C of the others 


welds. The cracks started in the welds and extended 
slowly into the plates. The maximum width across each 
bent specimen was measured, a smaller width indicating 
that the steel could be further bent without serious crack- 
ing, except inside the weld. The elongations between the 
markings nearest to the crack were measured, the larger 
values indicating, of course, higher ductility. The values 
are reproduced in Table 4. The author concludes that 
Ti (0.15%) improved the bending quality of the S.A.E. 
X4130 steel (elongation increased from 21 to 24%) even 
when accompanied by higher manganese (0.85%) or by 
0.31% copper. The steels with 0.15% titanium or with 
0.09 Ti + 0.31 Cu bent most after welding. 


Fatigue Strength 


Bollenrath and Cornelius” tested the pulsating ten 
sile fatigue strength of oxyacetylene-welded Cr-Mo 
aircraft tubes, 0.95 in. I.D. and 1.10 in. O.D. The 
seamless-drawn and soft annealed tues were 70° V butt 
welded and tested in a Losenhausen pulsating machine 
with special grips 9'/2 in. apart (10 tons capacity, 1000 
cycles/min.) The fatigue strength of the butt-welded 
tubes was 54% of the fatigue strength of the unwelded 
tubes, which was + 17,800 psi. with zero average stress. 
With a zero lower stress, the pulsating tension fatigue 
strength was 35,600 psi. for unwelded tubes and 19,200 
psi. for the gas-welded tubes. The unmachined butt 
welds reduced the fatigue strength by only 46%. After 
heat treatment, welded tubes had a fatigue strength of 
+ 10,700 psi. with zero average stress, and a pulsating 
tension fatigue strength (lower stress = 0) of 21,000 psi. 
at 5 million cycles. The latter values were 15% higher 
than those obtained on heat-treated tubes with drill 
holes. 

Industry and Welding® reports a value of 18,000—20,000 
psi. for the bending fatigue strength of as-welded oxy- 
acetylene butt welds in S.A.E. X4130 tubing, 1.10 in 


—_—Unwelded—— -— Welded - 

Type of Type of Heat Treatment, Tensile Elong., %, Fatigue Tensile Fatigue 

Weld Joint fk 2 Strength, Psi. 5 xd Limit, Psi. Strength, Psi. Limit, Psi. F.L./T.S 
Unwelded None 104,000 9.5 tats 

O.A, Butt None 104,000 9.5 cee 98,000 18,500 0.189 
O.A. Butt A.C. 1540 119,000 12.9 : ae 118,000 24,200 0.205 
O.A. Butt 0.Q. 1540; D 932 167,000 5.8 isa 161,000 22,500 0.141 
O.A, Butt 0.Q. 1540; D 1020 151,000 7.4 eee 148,000 29,300 0.197 
O.A, Butt 0.Q. 1540; D 1110 130,000 8.6 128,000 28,300 0.220 
O.A. Butt 0.Q. 1540; D 1200 120,000 11.0 Sean 121,000 28,500 0.236 


O.A. = oxyacetylene. A.H. = atomic hydrogen. A.C. = air cooled. 
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©.D. and 0.04 in. wall thickness; unwelded tubes had a 
bending fatigue strength of 41,300 psi. Heat treatment, 
consisting of an oil quench from 1540° F., raised the 
fatigue strength of some tubes to 28,300 psi. (see Table 


Welding Rods 


Most of the oxyacetylene welding in Cr-Mo aircraft 
tubing is done with either soft plain low carbon filler 
rods or Cr-Mo rods of approximately the same com- 
position as the base metal. The welds made with the 
former, however, lack in strength, while the latter in- 
troduce dangers of cracking due to embrittlement. 
For non-heat-treatable welds plain carbon rods are to be 
preferred, since they give a more ductile weld metal; 
however, where strength is essential and heat treatment 
possible Cr-Mo rods should be used. Ylmen"® states 
that in the Government Airplane Factory of Finland, 
base metal welding rod is used only when the welded 
part can be fully normalized; otherwise, unalloyed rods 
are used. Similarly, Birdsall’ states that Cr-Mo rods 
should be avoided completely unless the welds are heat 
treated, since the welds are brittle and lead to cracking. 
Kinzel (private communication) states that when heat 
treating 1s involved Cr-Mo rods are used less frequently 
than Cr-Mn-Si rods, the latter containing 1.25 Mn, 
0.40 Cr and 0.25 Si. Chromium-molybdenum welding 
rods containing 0.28 C, 0.54 Mn, 0.24 Si, 0.93 Cr and 
0.18 Mo deposited weld metal of the following composi- 
tion’ 0.25 C, 0.81-0.85 Cr, 0.13-0.18 Mo. It is thus 
possible, using a neutral flame, to obtain weld metal 
fairly close in chemical composition to that of base metal. 
Wimmer“ and Bardenheuer and Bottenberg” have at- 
tempted to find the solution in the proper combination 
of alloying elements in the filler rods. Their results are 
reported herein. 

Wimmer" butt welded in each case two 85-mm. (3'/»- 
in.) lengths of tubing of 1.5-4-mm. (0.06—0.15-in.) wall 
thickness, using a neutral oxyacetylene flame, the left- 
handed technique, and a spacing wide enough to allow 
good penetration. The 1.5-mm. tubing was welded with 
l-mm. rods, the 2 and 3-mm. tubing with 1.5-mm. rods 
and the 4-mm. tubing with 2-mm. rods. The welds 
were then machined flush with the surface of the tube. 
The chemical composition of the tube steel and the weld- 
ing rods is given in Table 6, the ‘‘special alloy”’ rod being 
the one that yielded the best results. The chromium 
and molybdenum in this rod are replaced by 0.85% 
nickel and a slight increase in manganese content 
(0.86% ° 

For tensile data two types of specimens were used as 
shown in Fig. 3. The average values of two tests of 
each specimen type are reproduced in Table 7. Tubes 
welded with unalloyed rods retained 77% (average value) 
of their original strength; those welded with either the 


Table 6—Chermical Composition of Cr-Mo Tubes and Weld- 
ing Rods Used by Wimmer" 
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Tensile Specimen Type 2 


Fig. 3—Type of Tensile Specimens Used by Wimmer’ 


Cr-Mo rod or the “‘special alloy’’ rod retained 95% of 
their tensile strength (all values for as-welded condi- 
tion). The superiority of the “special alloy’’ rod over 
the Cr-Mo rod becomes more apparent, however, when 
the bending tests are examined. The tests were made 
on 70 x 30-mm. specimens cut from the 4-mm. tubes and 
bent over a thrust of 1-mm. radius. Three out of seven 
specimens welded with the Cr-Mo rod cracked before 
reaching a 90° angle, the crack appearing suddenly —an 
indication of a brittle structure; thgse made with the 
“special alloy’’ rod reached angles as high as 175°, the 
average of 7 specimens being 155°. The superiority of 
the “‘special alloy’’ (Ni-Mn) welding rod as regards duc- 
tility is self-evident (see Table 8). 

Vickers hardness tests over the entire length of the 
welds showed the ordinary maxima on both sides of the 
weld center corresponding to the areas that reached the 
hardening temperature (830° C.) and subsequently hard 
ened on air cooling. The thinner walled tubes as shown 
in Fig. 4 reached higher maxima, apparently because 
of their faster cooling rate. 

The microstructure of the hardened zones of all tubes 
was fundamentally the same. The microstructures of 
the weld proper, however, differed in each case, de 
pending on the type of rod used: those welded with 
the unalloyed rod consisted of a ferritic matrix with a few 
small patches of pearlite dispersed in it, while the “‘special 
rod”’ welds exhibited a fine dispersion of spherical pear! 
ite in a ferritic matrix—a close resemblance to that of 
the parent metal. The Cr-Mo weld metal resembled in 
microstructure that of the hardened zones. 

Bardenheuer and Bottenberg™ investigated the effects 
of high nickel filler rods on the crack sensitivity and 
strength characteristics of oxyacetylene welds in |-mm. 
(0.04-in.) thick Cr-Mo sheets. The Focke-Wulf crack 
sensitivity of the steels under consideration, when 
welded with either Cr-Mo or 2% nickel filler rods, 
ranged between 19% and 86%, as shown in Table 9. 


Tube In Table 10 are shown the crack sensitivities of the same 
Mian steels when welded with high nickel rods (up to 
25 23.5 0.33 0.57 0.26 0.015 0.030 0.95 0.23 Ni, C = about 0.5%), with or without chromium or 
30/28 0.25 0.60 0.24 0.015 0.035 1.00 0.21 ¥ ; 
30/27 0.24 0.64 0.24 0.010 0.015 0.98 0.23 molybdenum additions. In general, steels C, E and I 
34/30 0.23 0.57 028 0.010 0.015 1.04 0.23 (Table 9) that showed a high crack sensitivity (54% and 
mod oe Welding Rode as ~ 86%) when welded with Cr-Mo or low nickel (2%) 

filler rods are also crack sensitive when welded with the 
“Special alloy” 0.23 0.86 0.17 0.010 0.010 0.85 high-nickel rods, although a decided improvement ts 
Cr-Mo rod 0.28 0.49 0.26 a oe 1.02 0.25 noted. It is apparent that with increasing nickel 
—— _ content in the welding rod the tendency for cracking de 
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creases, while higher contents of carbide forming ele- tent of manganese (1.10%). Higher contents of man- 
ments (Cr and Mo) enhance the brittleness and crack ganese appear to be harmful. The latter rod reduced 
sensitivity. Substitution of nickel, either partly or the crack sensitivity of steel F, containing high C, S and Pp 
wholly, for chromium and molybdenum generally re- (0.37, 0.036 and 0.070%, respectively) from 86 to 2%. 
duces the crack susceptibility by at least 25%. The For steels showing a crack sensitivity of 20% when 
best rod of those tested was the chromium-free rod No.7 welded with Cr-Mo rods, it is sufficient to use a 6% 
(Table 9), containing 16.7% nickel and a medium con- nickel rod to make the welds completely free from 
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Fig. 4—Hardness Maxima in Gas-Welded Thin Cr-Mo Tubes Using Various Filler Rods. Wimmer" 


(a) 0.06 In. thick, welded with unalloyed ‘rod. (b) 0.06 In. thick, welded with ‘‘special alloy” rod. (c 
0.08 In. thick, welded with unalloyed rod. (gd) 0.08 In. thick, welded with “special alloy’’ rod. (e) 0.12 
In. thick, welded with unalloyed rod. (f) 0.12 In. thick, welded with ‘'special alloy’”’ rod. (g) 0.16 In. thick 
welded = — rod. (h) 0.16 In. thick, welded with ‘special alloy’’ rod. (j) 0.16 In. thick, weld: 
with Cr-Mo rod. 
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Table 7—Mechanical Properties of Unwelded and Gas-Welded Cr-Mo Tubes. Wimmer'' 
I. Welded with Unalloyed Rod* 


Tube Y.S., Psi. 


Diameters, % Loss (—) 


In. Unwelded Welded or Gain (+) Unwelded Welded or Gain (+) 


94,500 — 
92,600 —18. 
85,000 — 4.5 
93,700 — 3. 
85,000 —12.§ 
94,600 
74,700 
74,300 


(). 985-0. 924 103,200 
113,100 
89,200 
96,700 
] j 96,900 
109,200 

112,400 

113,200 


118,200 
131,100 
107,300 
110,600 
112,200 
118,600 
127,600 
125,200 


Welded with 
118,200 


1. 18-1.10 


985-0 .924 103,200 121,300 
113,100 
89,200 
96,700 
96,900 
109,200 
112,400 
113,200 


108,200 

92,500 
109,900 
104,500 
113,100 
100,300 

81,600 


131,100 
107,300 
110,600 
112,200 
118,600 
127,600 
125,200 


18-1.10 
18-1.06 


34-1.18 


T.S., Psi. 


110,500 
113,800 
115,200 
112,500 0 7.3 Weld 
116,200 — 1.5 Weld 
105,300 


Fracture Type of 
Occurred Specimen 
Unwelded Welded in Testedt 
—17.5 14.9 3.2 Weld l 
96,700 —24.0 , Weld 2 
91,000 —15.0 2.8 Weld 
99,000 —10.5 Weld 2 
99,400 — 23.0 2 2.8 Weld l 
98,900 —16.5 Weld 2 
77,200 —35.0 3.6 9.5 Weld l 
78,600 —37.0 Weld 2 


Elong., % 
% Loss (—) 


97,400 


“Special Alloy”’ Roc 
130,600 


+10.0 Transition 
zone 

—16.0 ‘ Weld 

+ 6.0 Base metal 

+ 4.0 Weld 


-11.5 3.6 2.7 Weld 


83,900 —33.0 Weld 


III. Welded with Cr-Mo Rods* 


112,400 


107,200 1 
113,200 l 


120,200 


27 
25 


* For composition see Table 6. 
t See Fig. 3. 


,600 111,100 df 3.6 Weld 
,200 122,700 


rransition 
zone 


crack sensitivity. More susceptible steels require rods 
with higher nickel contents. The substitution of 
chromium for nickel is not to be recommended, as shown 
by rods 9, 10, and 13. Rods containing chromium and 
molybdenum (0.98-2.04% and 0.12-0.19%, respec- 
tively) in addition to 12.4% nickel (rods 12 and 14, Table 
9) were good as regards cracking, but showed a very 
marked brittle fracture in the weld, and are therefore not 
recommended. 

The mechanical properties of these welds are within 
the limits prescribed for aircraft steels. The welding 
naturally affects the strength characteristics of the neigh- 
boring zones, but heat treatment can restore the original 
properties of the base plate, as shown in Table 11. 

Contrary to the frequently made assertions that high 
nickel welds are hard and unworkable, the maximum 
hardness of these welds did not exceed 37 Rockwell C; 
the average value of the entire weld was 34 Rockwell C. 
All the welds were workable and easily drilled. Welds 
made with Cr-Mo rods showed an average hardness of 
42 Rockwell C. 

All the welds made with the high nickel rods showed 
good penetration. Weld metal from the high nickel 
plus chromium rods showed less fluidity, although the 
penetration, as shown microscopically, was not bad. 

In view of satisfactory mechanical properties, the good 
metallurgical behavior, and especially the low crack 
sensitivity of these welds, the authors recommend using 
high nickel rods for welding thin Cr-Mo aircraft sheets. 


Cracking 


From the extensive review on the general subject of 
weld cracking recently published by the Welding Re- 
search Committee it is evident that no agreement ex- 
ists as yet among investigators as to the fundamental 
causes of this phenomenon, although numerous theories 
have been proposed. In the following paragraphs an 
attempt is made to correlate the experimental data of 


the past few years with the existing theories, but only 
in so far as they affect the aircraft Cr-Mo steels. 


Effect of Composition of Sheets and Rods 


Earlier work by Miiller, and Bollenrath and Cornelius 
has shown that there appears to exist a definite relation- 
ship between the S, P, and C contents of a steel and 
its crack sensitivity. Furthermore, most investigators 
noted that the method of manufacture of a steel, e.g., 
the finishing temperature of a heat and the type of de 
oxidizing agent used, also have a bearing on its cracking 
behavior, higher finishing temperatures being associated 
with less cracking. In an effort to ascertain the causes 
of such behavior, Werner'’ measured the Focke-Wulf 


Table 8—Effect of Welding Rod Composition on Bend 
Angle of Gas-Welded Cr-Mo Tubes* (4 Mm. Thick). 


Wimmer'' 


Bend Angle Reached First Crack Ap 
Welding Rod* at First Crack Average peared 
Unalloyed 167 147.0 Slowly 
164 
155 
146 
136 
134 
130) 
“Special alloy”’ 175 
rod 159 
158 
153 
145 
120 
Cr-Mo rod 146 
142 
140 
121 
99 
87 


Slowly 


Abruptly 


* For analysis see Table 6 
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Table 9—Chemical Composition and Mechanical Properties of Base Metal and Welding Rods Used by Bardenheuer and 


Bottenberg” 
Elong., % Weld Crack 
Sheet * C,% Si, % Mn, % P, % S, % Cr, % Mo, % T.S., Psi. (1 = 200 Mm Sensitivity,+ °% 
J 0.38 0.20 1.20 0.058 0.034 102,400 18.0 19 
RB 0.50 0.30 22 0.043 0.028 122,500 13.5 29 
. 0.34 0.22 1.40 0.074 0.030 eu 103,000 18.3 54 
D 0.29 0.21 1.08 0.055 0.031 se 0.39 99,300 17.8 28 
E 0.2% 0.40 0.45 0.048 0.022 1.04 0.38 134,800 11.2 54 
I 0.37 0.24 0.95 0.070 0.036 1.05 0.38 126,300 12.9 86 
G 0.29 0.25 0.60 0.015 0.048 1.10 0.29 123,700 11.3 22 
H 0.30 0.26 0.59 0.014 0.030 1.08 0.30 105,400 12.7 25 
Welding Rods (1.83 Mm. Diameter) 
No. Nickel 
0.13 0.14 2.10 0.021 0.007 0.22 0.07 

2 0.05 0.09 1.50 0.025 0.013 0.04 3.86 

3 0.04 0.02 2.04 0.010 0.019 0.04 5.86 

4 0.05 0.02 0.68 0.024 0.012 0.02 5.89 

5 0.06 0.07 1.48 0.017 0.006 0.13 ee 6.66 

6 0.07 0.05 1,99 0.017 0.012 Trace ivy 15.00 

7 0.06 0.08 1.10 0.022 0.013 0.04 16.70 

s 0.01 0.04 2.11 0.017 0.009 Trace Pe 23.60 

9 0.09 0.26 1.20 0.019 0.006 1.25 0.17 9.1 

10 0.14 0.26 1.14 0.020 0.007 2.44 0.19 10.0 

11 0.09 0.29 1.19 0.018 0.008 2.41 0.19 12.30 

12 0.04 0.33 1.15 0.006 0.009 0.98 0.12 12.40 

13 0.09 0.22 1.18 0.020 0.007 1.56 0.18 12.4 

14 0.06 0.42 0.72 0.019 0.006 2.04 0.19 15.70 


* Sheets were 1 mm. thick (0.04 in.). 
t Focke-Wulf test. 
alloy rod. 


crack sensitivities of a series of electric and basic open- 
hearth steels of equal chemical composition, except that 
the latter had been deoxidized with manganese and con- 
tained therefore somewhat larger quantities of this ele- 
ment (0.85-1.10%). As shown in Table 12, the basic 
open-hearth steels were free from crack susceptibility in 
spite of their large sulphur content (0.029%). The 
electric steels containing the same amount of sulphur 
had a Focke-Wulf crack sensitivity of 50%. 

An attempt has been made by some investigators to 
correlate this contrasting behavior of manganese and 
sulphur with their effects on the A; transformation. The 
latter transformation involves a volume change at a high 
temperature and has been suspected of contributing 
to cracking susceptibility in view of the low strength 
of the steel at those temperatures. Any variable that 
lowers this transformation to lower temperatures would 
also decrease the cracking effect, since the steel becomes 
stronger at lower temperatures and is able to resist the 
volume change. Since manganese is known to lower the 
Ac; and increase the hysteresis range (Ar;—Ac; tempera- 
ture range), its beneficial effect on crack prevention is 
understandable on that basis. Similarly, since sulphide 
inclusions decrease the ability to suppress the transforma- 
tion because of their role as nucleation centers, one would 
expect the injurious effects of this element. To test 
this hypothesis, the author measured dilatometrically 
the hysteresis ranges of the open-hearth steels (Table 12), 
but found no correlation between the two properties. 
To further disprove this hypothesis, the author measured 
the tensile strengths of a crack-sensitive and non-crack- 
sensitive steel at elevated temperatures—at least up to 
700° C. both steels had identical strength. Further- 
more, the crack-sensitive steel was as ductile as the non- 
sensitive one at 600-700° C., judging from the per cent 
elongation values. 

In contrast to the earlier results of Eilender and 
Pribyl, this author could find no relationship between 
coring or segregation and the crack sensitivity of a 
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Welded with a Cr-Mo (0.12 C, 0.00 Si, 0.55 Mn, 0.63 Cr, 0.22 Mo) and low Ni (0.05 C, 0.15 Si, 0.42 Mn, 1.88 Ni 


steel. In some cases a homogenizing treatment of | hr. 
at 1100° C. even increased the cracking susceptibility. 
In fairness to the former authors, however, it should be 
pointed out that their homogenizing had been done at 
higher temperatures (1250° C.) that permitted greater 
diffusion rates. 

Having disproved (to satisfaction of author) the above 
theories, the author postulates that the crack sensitivity 
of a steel is determined by its FeO and MnO contents 
the latter reacting with hydrogen during welding to form 
entrapped pockets of steam at high temperature and 
pressure, the hydrogen being supplied from the inter- 
action of iron with the acetylene flame. On the basis 
of this theory, the beneficial effect of overheating is to be 
attributed to the fact that at higher temperatures the 
equilibria between the slag and the bath are such that 
the MnO and FeO pass into the slag, according to the 
author. In the discussion of this theory, however, 
Eilender and Pribyl direct attention to the following 
criticism: (a) it is unlikely that steam forms at the 
critical temperatures, (b) crack sensitivity occurs even if a 
neutral flame is used, in which case there is no hydrogen 
to form steam and (3) overheating the steel bath is not 
associated necessarily with a reduction of FeO and MnO; 
it merely reduces the total oxygen content. Cornelius, 
joining the discussion, expresses his belief that the 
superior behavior of the open-hearth steel is to be attrib- 
uted to its higher manganese content (no reasons given) 

The presence of a copper coating on the welding rod 
or the base sheets enhances the weld crack sensitivity of 
Cr-Mo sheets according to tests reported by Cornelius’ 
(Table 13). Under the same conditions of testing, welds 
became free from crack sensitivity upon removing th« 
copper coating of the rod. Similar effects of copper 
were noted on unalloyed sheets welded with unalloyed 
rods. From the same results, the striking effect of in 
creasing the thickness of the sheet from 1 to 1.5 mm. to 
improve its crack sensitivity should be noted (compar: 
tests 1 and 8, Table 13). The author suggests that this 
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troublesome effect of Cu might be identified with hot- 
shortness phenomena to which copper is known to 
contribute. Also Birdsall’ reports that the presence of a 
thin copper film on the surface of a Cr-Mo sheet (usually 
resulting from dipping in a CuSO, solution for lubrica- 
tion) increases the danger of its cracking during welding. 
Yimen,'*, on the basis of experience in the Government 
Aircraft Factory of Finland, reports that reducing the 
carbon content from 0.30 to 0.20% (0.9 Cr, 0.20 Mo, 
0.50 Mn) eliminates the cracking problem entirely. 
French Specifications limit the C content to below 0.25%, 
recommending for best results 0.18-0.22 C, 0.40—0.60 


Table 10—Mechanical perties of Welds in 


0.04-In. Cr-Mo Sheets (see Table 9) Welded with High Nickel 


Mn, 0.15-0.35 Mo and 0.80-1.10Cr. Increasing the Mn 
to 0.80% and the Mo to 0.55% was found unsatisfactory 
from weldability standpoint.'* 


Effect of Composition of Welding Gas 


In 1934, the Focke-Wulf Aircraft Laboratory reported 
that high-purity generator gas is in no way different from 
non-purified commercial gas with reference to the weld 
crack sensitivity. Bollenrath and Cornelius, however, 
in 1936 reported that additions of 0.025 P + 0.025 S are 
sufficient to remove the weld cracking effect found in 
aircraft plain carbon or Cr-Mo steel. To establish more 


Bardenheuer and Bottenberg"® 


Sheet 

Weld crack sensitivity* 

Welding rod 1 Number of tests 

Crack sensitivity, %t 

T.S., psi. 

Elongation, %t 

Number of tests 4 

Crack sensitivity, % K 9 

T.S., psi. 

Elongation, % 

Number of tests 6 6 

Crack sensitivity, % 0 4 

T.S., psi. 103,400 98,000 

Elongation, % 2.7 3.5 

Number of tests 6 

Crack sensitivity, % 0 

T.S., psi. 108,100 

Elongation, % 5.9 

Number of tests 6 

Crack sensitivity, % 0 

T.S., psi. 86,100 

Elongation, % 1.3 

Number of tests 

Crack sensitivity, % 0 

T.S., psi. 105,100 112,600 

Elongation, % 8.6 4.2 

Number of tests 6 6 

Crack sensitivity, % 0 0 

T.S., psi. 106,000 89,900 

Elongation, % §.2 1.7 

Number of tests j 

Crack sensitivity, % 

T.S., psi. 

Elongation, % 

Number of tests 

Crack sensitivity, 7 

T.S., psi. 

Elongation, % 

Welding rod 10 Number of tests 
Crack sensitivity, % 
T.S., psi. 
Elongation, % 

Welding rod 11 Number of tests 
Crack sensitivity, 7 
T.S., psi. 
Elongation, % 

Welding rod 12 Number of tests 
Crack sensitivity, % 
T.S., psi. 
Elongation, % 

Welding rod 13 Number of tests 
Crack sensitivity, % 
T.S., psi. 105,000 103,200 
Elongation, % 8.5 3.3 

Welding rod 14 Number of tests 6 6 
Crack sensitivity, % 0 1 
T.S., psi. 83,000§ 97,500 
Elongation, % 2.1 2.0 


Welding rod 2 
Welding rod 3 
Welding rod 4 
Welding rod 5 
Welding rod 6 
Welding rod 7 
Welding rod 8 


Welding rod 9 


* When welded with Cr-Mo or low Ni-Alloy rod—see Table 9. 
+ Average of number of tests in each case. 

} All elongation tests made on a 40-mm. length. 

Fractured in weld. 


D E 

28 

4 

13 22 0 

105,000 112,600 109,500 
2.9 . 1.5 2.7 


- 


5 i 2 0 
104,700 
2.0 
6 
0 0 
102,700 121,900 116,500 
2.4 2.4 
5 5 4 0 6 
3 Ss 7 0 0 
85,600 101,300 103,500 a 123,700 110,200 
5.2 3.1 3.! 2.4 
6 6 6 
5 0 
93,200 98,000 101,100 123,700 102,400 
6.8 3.6 3.7 2.0 2.0 
6 j 6 6 
12 2 0 
97,900 99, 100,400 120,600 114,100 
9.3 8. 2.7 : 
6 
0 2 
105,400 108,500 104,500 
2.3 3.3 2.4 
3 
0 42 0 
102,000 117,100 115,600 


101,100 
5.1 2.5 2.9 
3 6 6 

64 0 0 


102,800 102,100 
3.2 2.4 
6 
0 0 
105,100 101,300 
2.5 
6 
0 
109,200 107.5 
2.1 2.3 
6 ; 
0 0 
99,400 + 104,100 73,8008 
4.3 1.5 06 
‘ 6 6 
4 f 7 0 0 
101,700 101,300 106,300 
1.8 2.4 
6 6 
2 0 0 
101,300 95,900 as 110,800 99.400 
4.3 3.3 3.8 Pi 2.5 3.3 
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ties of Gas-Welded Cr-Mo Aircraft Steels. Bardenheuer 
and Bottenberg'® 


Steel G* 


Weld. Elong., 
ing Observa- 
Rod* Heat Treatment T.S., Psi. 40 Mm.) tions 

7 Oil quenched from 850° C. 224,700 3.8 Fractured in 
plate 

Oil quenched from 850° C.,an- 206,200 3.0 Fractured in 
nealed '/2 hr. at 130° C. plate 

Oil quenched from 850° C.,an- 131,000 0.5 Fractured in 
nealed '/: hr. at 300° C weld 

Oil quenched from 850° C., an- 146,500 4.8 Fractured in 
nealed '/2 hr. at 550° C plate 

Oil quenched from 850° C.,an- 106,700 5.8 Fractured in 
nealed '/: hr. at 650° C plate 

8 Water quenched from 850° C 209,000 0.8 Fractured in 
weld 

Water quenched from 850° C., 206,800 1.3 Fractured near 

annealed '/: hr. at 130° C the weld 

Water quenched from 850° C., 195,300 4.3 Fractured in 
annealed !/2 hr. at 300° C plate 

Water quenched from 850° C., 124,000 4.7 Fractured in 
annealed '/; hr. at 550° C plate 

Water quenched from 850° C., 104,200 5.3 Fractured in 
annealed '/2 hr. at 650° C. plate 


* See Table 9 for composition. 


clearly the effects of this factor, Miiller'* tested the crack 
sensitivity of welds in a series of steels of widely var, ing 
crack sensitivities when made with acetylene gas con- 
taining varying additions of H2S and PH;. The effects 
of H2S additions up to 1% are shown in Table 14. The 
value for each series represents the average of 20 speci- 
mens, the individual values showing considerable scatter 
Within the limits of accuracy of the degree of scatter ob- 
served, no appreciable effect of the gas composition 
could be noted for HS additions up to 0.8%. In fact, if 
judged from the average values, the effect could be either 
positive or negative. With additions of HS reaching 
1%, however, there was a definite increase in the Focke- 
Wulf crack sensitivity, some specimens beginning to 
crack even while cooling (Table 14). The results, there- 
fore, would seem to indicate that H.S contents of 0.03- 
0.8% have no effect on the crack sensitivity; above 0.9%, 
however, H2S becomes injurious. 

Similar tests with PH; additions to the welding gas 
have shown that contents of 0.1-0.12% had practically 
no effect on the crack sensitivity (Table 15). Additions 


Table 12—Chemical Composition and Weld Crack Sensitivity of Thin Cr-Mo Sheets. Werner’ 


Crack 
Specimen Thickness, Sensitivity,% A; Hysteresis 
Heat No. "i Ss Si Mn Cr Mo Mm. (Focke-Wulf) Range, ° C 
Electric furnace steels 1 0.27 0.024 0.21 0.46 1.09 0.26 1.0 50 
2 0.29 0.024 0.2 0.62 1.15 0.21 0.8 50 
3 0.29 0.028 0.22 0.60 1.15 0.25 0.8 50 
4 0.24 0.044 0.24 0.48 0.88 0.30 0.5 80 
5 0.25 0.038 0.24 0.47 0.93 0.26 1.5 22 
6 0.24 0.010 0.22 0.56 1.11 0.20 1.5 0 
7 0.28 0.0138 0.24 0.57 1.09 0.20 1.5 0 
8 0.25 0.009 0.27 0.59 0.99 0.23 0.98 0 
0.22 0.010 0.27 0.59 0.91 0.25 0.98 
Basic open-hearth steels, 10 0.22 0.029 0.21 0.85 0.63 0.46 1.0 0 210 
refined by deoxidation 11 0.41 0.0389 0.24 0.95 1.02 0.38 1.0 88 495 
with manganese 12 0.23 0.023 0.21 0.84 0.89 0.33 1.0 0 250 
13 0.28 0.026 0.34 1.10 1.05 0.33 1.0 0 420 


Rod 

Test Welding Sheet Surface of Diameter, Crack Sensitivity,* % 

No. Rod No. Welding Rod Sheet Mm. In Width In Thickness 
1 K I Cu coated Biank 2.5 44, 48, 50, 36 50-100 
3° 3 I Cu coated Blank 1.5 a 2 © © 0 
3 I Coating removed Blank 1.5 . ¢ 0 3. 0 0 
4 5 I Cu coated Blank 1.5 52, 48, 12 50-100 
5* 5 I Cu coated Blank 1.5 0, 0, 0, 0, O 0 
6 5 I Coating removed Blank 1.5 0, 0, 0, 0 0 
7 2 I Coating removed Blank 2.0 0, 0, 0, O 0 
- 2 I Cu coated Blank 2.0 a: 4.6: ¢ 6 0 
9 2 I Coating removed Cu coatedt 2.0 100, 60, 80,90, 50 30-100 

10 2 I Cu coated Cu coatedt 2.0 90, 90, 50, 60, 100 50 

11 2 I Annealed Blank 1.5 & 0 

12 2 I Annealed Cu coated 1.5 50, 90 30-50 

13 4 I Coating removed Blank 1.5 0, 0, O 0 

14 2 Ill Annealed Cu coated 1.5 100, 60, 75, 50, 100 30-50 

Chemical Composition of Welding Rods and Sheets 
Rod No. *- Si Mn P Ss i Mo 
2 0.08 0.07 0.5 N.d. N.d. 
3 0.08 0.07 0.4 0.015 0.022 Trace Trace 
4 0.18 0.25 0.6 N.d. N.d. 0.75 0.16 
5 0.14 0.25 0.6 0.013 0.004 0.66 0.18 
Sheet No. 
I 0.25 0.31 0.59 0.015 0.007 1.00 0.21; 1mm. thick 
III 0.21 N.d. 0.48 0.023 0.032 0.05 N.d.; 9mm. thick 


* All results refer to Focke-Wulf clamped test specimens, except tests 2 and 5 that were tested unclamped. 


t Five hours’ immersion in a CuSO, solution resulting in a very thin copper coating. 
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Table 14—Effect of HS on the Weld Crack Sensitivity of 
Aircraft Cr-Mo Steels. Miller 


Crack Sensitivity,* %, 

Average of 20 Specimens 
Using Pure 

Cylinder When H.S 


Series Steel Acetylene Added to Gas H,S Content 
1 Cr-Mo 1452t 11 13 0.03 
29  Cr-Mo 1452¢ 8.5 6 0.33-0.13 
3 Cr-Mo 1452+ 21 20 0.54-0.33 
4 Unalloyed 47 54 0.75-0.37 
5 Cr-Mo 1452 3 3 0.75-0.23 
5 Cr-Mo 1452 13 a 0.92-0.39 


* Focke-Wulf tests. 
+ German Commercial Designation. 


of HeS + PHs, in aggregate contents exceeding 0.80%, 
however, have proved harmful (Table 15). 

Similar tests by the Heinkel Aircraft Laboratory 
(reported by the same author) have shown that Cr-Mo 
steels welded with commercial acetylene of widely vary- 
ing degrees of purity behaved very much alike with 
reference to crack sensitivity. The crack tests were 
made on cross welds, using the total length of the cracks 
as a measure of crack sensitivity (Table 16). In general 
agreement with the results recorded above, also here 
additions of 0.06—0.21 volume per cent of H2S seemed to 
have no effect; additions of 0.6% or over, however, in- 
creased the crack sensitivity in each steel, the extent of 
the increase being proportional to the original cracking 
value of the steel, e.g., from 11 to 35 mm. in steel 1, 
from 49 to 118 mm. in steel 2 and from 35 to 114 mm. in 
steel 3, Table 16. The lower limiting value of the H.S 
content (0.6%) as found in these experiments, in com- 
parison with that found in the earlier tests (0.9%), is at- 
tributed by the author to the greater sensitivity of the 
cross-weld tests. 

Similar results have been obtained by the Krupp Labo- 
ratory and the German National Materials Testing Labo- 
ratory, the former employing cross-weld and bead-weld 
(no filler metal) test specimens and the latter Focke- 
Wulf tests. The gas compositions used and the results 
obtained are shown in Tables 17 and 18. As can be 
clearly seen, the average values obtained are well within 
the range of experimental scatter and do not show any 
definite unidirectional trend. Perhaps the safest con- 
clusions to draw from these tests is that the total H2S + 
PH; content in commercial acetylene gas is so small that 
their presence does not affect the crack sensitiv ity. 


PH, on the Weld Crack 


Table 15—Effect of PH; and H.S + 
Sensitivity of Aircraft Cr- Mo Steels. Miller" 


Crack Sensitivity,* %, 
Average of 20 Specimens 


With H.S 
Using or H.S + PH; Con- 
Pure + PH; tents, % 

Series Steel Acetylene Additions H.S PH; 

Cr-Mo 1452 9 0.1 
2 Unalloyed 6 eS 0.12 
3 Cr-Mo 1452 9 0.12 
4 Cr-Mo 1452 q 27 0.59-0.24 0.18 
5 Cr-Mo 1452 22 27 0.23 0.18 
6 Unalloyed 11 10 0.40-0.11 0.18 


* Focke-Wulf tests. 


Table 16—Effect of Gas Purity on Weld Crack Sensitivity 


WELDING CHROMIUM STEELS 


of Aircraft Cr-Mo Steels. Heinkel Aircraft. Miller" 


Series 1 2 3 4 
1 Cylinder acetylene gas* 
Number of cracks 2 4 3 4 
Length of cracks, mm. 3 40 23 139 
2 Generator acetylene gast 
Number of cracks 2 3 4 4 
Length of cracks, mm. 11 24 35 133 
Cylinder acetylene gas with small 
additions of 
Vol. % H:S 0.057 0.060 0.063 0.065 
0.134 0.064 0.120 0.106 
0.145 0.128 0.150 0.126 
0.211 0.138 
Number of cracks l 4 4 4 
1 4 4 4 
1 4 4 
1 4 
Length of cracks, mm 2 29 38 130 
4 34 47 116 
2 13 34 114 
4 44 
4 Cylinder acetylene gas with higher 
H2S contents 
H2S content, vol. % 0.640 0.515 0.610 0.610 
Number of cracks 3 4 4 4 
Length of cracks, mm. 35 118 114 104 
* HS = 0.019 vol. %; PH: = traces 
t HoS = 0.019 vol. %; PH: = 0.011 vol. % 


Effect of Welding Method 


Worst results as regards crack sensitivity are obtained 
from welding with the oxyacetylene flame, according to 
Bochenek.*® Atomic hydrogen welding gives better re- 
sults, although considerably inferior to those obtained 
with metallic arc welding (Table 19). The inferior 
behavior of gas welds is attributed by the author to the 
larger contraction stresses induced by this method. 
In a private communication Dr. A. B. Kinzel, Union 
Carbide and Carbon Research Laboratories, rates the 
processes in exactly the opposite order. 


Testing for Cracks 


Yimen"® describes a quick method of testing for cracks, 
as practiced in the Government Airplane Factory in Fin- 
land as follows: Clean weld with wire brush and paint 
it with hot linseed oil; remove the oil and spread a fine 
suspension of chalk in dilute alcohol. The alcohol dries 
quickly leaving a fine white deposit. Upon tapping with 
a wooden mallet, any oil present in fine cracks will come 
to the surface and outline the cracks as distinct lines in 
the white chalk. 


General Observations 


Birdsall’ suggests that welding parallel to the grains 
helps to avoid cracking, since the cracks tend to run 
across the grains. Overheating is also suggested by the 


Table 17—Effect of Gas Purity on Weld Crack Sensitivity 
as Reported by Krupp Works. Muller" 


Crack Sensitivity, Length of Cracks, Mm 
Remelted Bead 


Thick- Cross-Weld Specimens lest Specimens 
ness of Cylin- Genera- 
Plate, Cylinder Generator der tor 
Series Mm Steelt Gas* Gast Gas* Gast 
1 1.5 Unalloyed 20 44 50 31 50 24 47 25 
2 1.2 Unalloyed 57 36 53 65 46 62 43 25 
3 1.2 “r-Mo 3 0 6 6 52 18 50 50 
4 1.25 Cr-Mo 16 24 8 29 52 45 
5 1.25 Cr-Mo 34,53,49,44 32, 66, 56, 27 50 52 50 45 
6 1.25 Cr-Mo 44 28 30 46 55 iO 
7 1.25 Cr-Mo 14 6 14 9 30 0 
8 1.0 Cr-Mo 6 6 20 25 0 4 50 20 
Avg 27 32 42 42.3 


* “Very pure’’—composition not given. 
+ HeS = 0.014 vol. %; PH: = 0.045 vol. %. 
+ Various crack-sensitivity grades. 
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tory. Muller" 
Crack Sensitivity* of Series A,t % 


Pure Cylinder Gas§ 0.15 Vol. % 0.31 Vol. % 
Specimen Welder A Welder B H.S Added H.S Added 


1 38 33 30 32 14 35 36 25 
2 25 12 50 25 27 «(44 2% 12 
3 50 23 25 10 29 27 «(17 
4 35 O 35) = OOO 4 12 19 17 
5 5 15 15 50 5 5 7 19 
Avg. 22.3 28.5 18.5 20.4 


Crack Sensitivity* of Series B, %t 
Specimen Pure Cylinder Gas$ 0.095 Vol. % H.S Added 


1 5 8 0 
2 0 5 10 
3 5 8 7 
4 0 15 10 
5 8 0 0 
6 0 5 5 
7 5 7 5 
8 5 7 5 
9 3 0 20 
10 0 7 7 


* Focke-Wulf tests; clamped specimens. 
_t Cr-Mo steel—very crack-sensitive grade; composition not 
given. 
t Cr-Mo steel—less crack-sensitive grade than A; composition 
not given. 
§ Composition not given. 


same author has a contributing cause for cracking. Suita- 
ble design, e. g., avoiding superfluous crowding of the 
seams, helps in combating the danger of cracking; 
Bochenek”® suggests that the distance between parallel 
seams should be at least 40mm. Left-hand welding is in 


no way different from the right-hand technique as re- 
gards crack sensitivity.*° 


Weldability of Substitutes for Cr-Mo Steels in Aircrat 
Construction 


In an effort to conserve strategic alloying elements for 
war production, a number of German investigators have 
in the past few years attempted to develop substitutes 
for the commonly used Cr-Mo steel in aircraft construc- 
tion. The chief efforts have been in the direction of in- 
creasing the contents of the comparatively cheaper ele- 
ments, silicon and manganese, at the expense of chro- 
mium and molybdenum. 

Cornelius": has shown that the substitution of vana- 
dium for molybdenum in equal proportion yields a stee| 
that has mechanical properties equal to, and sometimes 
better than, those possessed by the Cr-Mo aircraft steels. 
As for weldability, these Cr-V steels are in many re 
spects superior to the Cr-Mo steels. Thus, the maximum 
weld hardness in a Cr-V steel was 300 VHN, that in a 
Cr-Mo steel was 420-460 VHN. The Cr-V sheets 
(0.04—0.06 in.) could be welded with either base metal 
or soft plain carbon steel filler rods; in both cases the 
welds proved free from crack sensitivity as tested by 
the Focke-Wulf method. Their mechanical properties 
in the as-welded condition compared favorably with 
those of Cr-Mo steels in the same condition. The vana- 
dium steels had the advantage of possessing a more 
freely dispersed needle-like microstructure in the weld. 
A further possibility of substitution was shown by the 
same author to exist in employing plain chromium steels 
(1%) with a somewhat higher carbon content (0.30%). 
The mechanical properties of these steels in the as- 
welded condition were also satisfactory, although they 


Table 19—Effect of Method of Welding on Weld Crack Sensitivity of Cr-Mo Aircraft Steels. Bochenek” 


Oxyacetylene Atomic Hydrogen Metallic Arc 
Depth of Depth of Depth of 
Cracks Cracks Cracks 
as % as % as % 
Average of Sheet Average of Sheet Average of sheet 
-————-Chemical Composition—————~ No. of Cracks, Thick- No. of Cracks, Thick- No. of Cracks, Thick 
Test Piece Cc Mn 4 SS) Cr Mo Tests % ness Tests % ness Tests % ness 
Sheet 1 mm. thick 0.26 0.50 0.011 0.017 1.06 0.21 6 0.7 50 6 0 0 5 0 { 
Sheet | mm.thick 0.26 0.50 0.34 0.033 1.06 0.21 6 57 100 6 32 50-100 6 0.8 ot 
Sheet 1 mm. thick 0.26 0.50 0.013 0.029 1.06 90.21 6 3 90-100 6 0.2 25 6 0 v 
Sheet 1 mm.thick 0.26 0.50 0.034 0.043 1.06 0.21 6 53 100 6 15 100 7 1 25 
Sheet 1 mm.thick 0.25 0.52 0.011 0.048 0.98 0.33 5 46 100 , - ‘ 4 0.8 2 


Table 20—Tensile Strength of Unwelded and Cope — Cr-Mo Sheets (1 Mm. Thick). Cornelius and 
enrath*’ 


T.S. of Unwelded Plates 
(Average of 2 Tests), Psi. 


T.S. of Welded Platest 
(Average of 3-6 Tests), Psi 


Oil Oil 

Quenched Quenched 

from from 
Thick- Annealed 850° C., Annealed 850°C. 
Steel ness, Composition Soft 1 Hr.at ‘'/2Hr. at As 1 Hr. at ‘'/;Hr.at 
No Mm S Si Mn P S Cr Mo Annealed 640°C. 600°C. Welded 640°C. 600° C 
1 0.25 0.31 0.60 0.015 0.007 1.0 0.21 86,800 139,400 92,500 138,000 
43 l 0.32 0.81 0.7 0.013 0.024 1.13 ~ 99,600 99,600 141,000 102,400 102,400 145, 100 
41 0.9 0.31 0.72 0.71 0.014 0.026 0.7 0.25 110,900 106,700 135,100 106,700 111,000 132,300 
42 1 0.32 1.2 0.75 0.011 0.027 0.52 0.30 101,000 101,000 153,600 101,000 103,800 146,500 
44 1.2 0.32 1.35 1.17 0.013 0.015 .. 0.25 110,900 108,100 135,100 111,000 109,500 138,000 
40 0.8 0.31 0.55 1.14 0.012 0.025 0.72 0.25 110,900 115,000 128,000 118, 100 122,300 119,500 
45 1 0.28 0.57 0.91 0.018 0.013 0.57: 0.19 163,600t 103,800 139,400 119,500 102,400 135, 100 


* Commercial Cr-Mo aircraft steel (German 1452); rest are laboratory steels. 
Normalized. 


} Plates were in soft annealed condition before welding. 
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Table 21—Weld Crack Sensitivity* of Various Cr-Mo Steels. 
Cornelius and Bollenrath”’ 


Average, 
% 

0, 0, 0, 0, 0 

, 0, 0, 0, 0 

, 0, 0, 5, 1 

0, 0, 0, 0 

, 6, 0, 0, 1, 1 

0, 0, 0 

0 


Weld Crack Sensitivity, 
or 


1/, thickness of sheet 


1/, thickness of sheet 


* Focke-Wulf tests. 
+ For composition see Table 20 


tended to develop greater weld hardness than the Cr-V 
steels. (Note: For mechanical properties of these 
steels see section on Chromium-Vanadium Steels in 
Part I.) 

Similarly, satisfactory results have been obtained by 
Eilender, Arend and Schmidtmann™” by completely 
eliminating molybdenum and increasing the manganese 
content to about 1.5%. Oxyacetylene-welded thin 
sheets (1-1.5 mm.) of this steel fractured invariably out- 
side the weld and proved free from crack sensitivity in 
Focke-Wulf tests, in spite of their high P + S content 
(0.066%). Like the Cr-V steels, also the Cr-Mn steels 
developed lower weld hardness (320 VHN) than the 
Cr-Mo steels (450 VHN). Welds made in hardened 
plates hardly showed hardness maxima in the heat- 
affected zones. Furthermore, the Cr-Mn alloys were 
somewhat less susceptible to notch-impact strength 
reduction at low temperatures than the Cr-Mo steels. 
Addition of 0.25% vanadium in no way improved either 
the properties or the weldability of these steels. In 
view of the generally satisfactory mechanical properties 
and especially the good weldability, the authors recom- 
mend as a substitute for Cr-Mo steels, one containing 
0.21-0.25 C, 1.3-1.5 Mn, 0.03 P max., 0.03 S max. and 
0.6-0.8 Cr. (Note: For detailed mechanical proper- 
ties of these steels see section on Chromium-Manganese 
Steels in Part I.) 

Cornelius and Bollenrath* have attempted to develop 
weldable aircraft steels of higher strength by increasing 
the silicon and manganese content at the expense of a 
reduction in chromium and molybdenum, Table 20. 
The steels were prepared in a 20-lb. high-frequency acid- 
lined laboratory furnace, cast into small cylindrical ingots, 
then forged and rolled to 1-mm. (0.04-in.) thick sheets. 
As compared with the commercial Cr-Mo aircraft type, 
no special difficulties were encountered in welding these 
experimental steels, except the Mn-Si-Mo type that 
lacked fluidity. All the experimental steels had a ten- 
sile strength exceeding 99,600 psi. in both the as-welded 
and annealed conditions, compared with 92,500 psi. 
for the commercial Cr-Mo grade. In the heat-treated 
condition there was little difference between the several 
compositions tested, the welded specimens showing 
approximately the same T.S. as unwelded material. 
With few exceptions, all specimens broke outside the 
weld. Most of the steels investigated were free from weld 
crack sensitivity in Focke-Wulf tests (Table 21). In 
view of the rather high carbon and sulphur contents of 
these steels (0.32 and 0.26, respectively) and the results 
obtained with Cr-V steels (discussed above), it appears 
that the dependence of crack sensitivity in commercial 
aircraft Cr-Mo steels on their S and C content does not 
necessarily apply to other chromium alloy steels. 
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“As Welded’ 


Vickers Hardness 


| 
Annealed 


200 | | 4 


Distance From Weld (mm) 


Fig. 5—Hardness Distribution in Various Cr-Mo Steel (0.04 


In.). Cornelius and Bollenrath** 


The highest weld hardness (550 Vickers, Fig. 5) was 
developed in the steel containing 0.31 C, 0.55 Si, 1.14 
Mn, 0.72 Cr and 0.25 Mo. With the exception of steels 
44 and 45 (see Table 20), all others attained hardness 
maxima above that of the parent sheets. One-hour 
annealing at 640° C. did not remove the hardness 
maxima; total heat treatment, however, equalizes the 
hardness over the entire welded sheet. From _ the 
standpoint of weldability as determined by the developed 
hardness the authors recommend as substitutes for the 
Cr-Mo aircraft type two steels of the following com- 
position: 0.3 C, 1.4 Si, 1.2 Mn, 0.25 Mo or 0.3 C, 0.57 Si, 
0.9 Mn, 0.6 Cr and 0.2 Mo. 


Arc Welding 


According to Industry and Welding* metallic arc weld- 
ing has been successfully used on S.A.E. X4130 metal 
as thin as 0.031 in., but only with great skill. Direct 
current is used exclusively. Kujasew and Artemjew™ 
report that aircraft Cr-Mo steels, metal arc welded with 
low carbon electrodes, had a T.S. = 97,500 psi., elonga- 
tion = 32% and a bend angle = 31.6° (no details of thick- 
ness). The welds were free from gas pockets and slag in- 
clusions and showed good welding penetration. 
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Welding Cr-Si-Mo Heat-Resistant, High-Pressure Steels 
General Observations 


HE straight chromium steels, with chromium 
contents up to 2-3%, do not present any special 
welding difficulties.* Best results are obtained 
with these steels if the carbon content is kept below 
0.08%; if the carbon is higher, the welds should be pre- 


heated or stress relieved. Rapatz, Hummitzch and 


Schiitz™ state that vanadium decreases the fluidity of the 
weld metal and thereby causes a tendency on the part 
of the welder to overheat and to produce a coarse- 
grained structure. The fluidity may be increased by 
additions of cobalt or molybdenum, although these also 
unfortunately increase the ease with which the metal may 
be overheated. 


Part II]—Welding Heat, Wear and Corrosion- 
Resistant Cr Steels 


Since these steels are air hardening, care must be taken 
to avoid rapid cooling. The latter may be achieved by 
having two welders work simultaneously, one doing the 
preheating and the other the welding. In actual in- 
stallation work, where a recrystallization and annealing 
treatment is difficult to achieve, a simple stress-anneal- 
ing operation, 30 min. at 750° C., is usually sufficient. 
Although the microstructure resulting from the latte; 
treatment is not as good as one would want it to be (no 
details), the mechanical properties obtained are satis- 
factory, as will be seen from the tests described below. 
The authors stress relieved the welds with the aid of a 
cylindrical muffle furnace built around the joints. This 
method has a further advantage over the recrystallizing 
and annealing operation in that the higher temperatures 
of the latter process lead to thick crust formations that 


Table 22—Mechanical Properties of Gas-Welded Thick Cr-Si-Mo Tubing. Schiffler and Wingerath”’ 


Dimensions of Specimen 


Cross 
Form* of Width, Thickness, Section, Yield Elong., Length, 
Specimen Specimen Mm Mm. Mm.? Strength, Psi. T.S., Psi. % Mm. 
Pipe 1 
1 Long 20.0 15.0 300 55,900 81,700 22.0 100 
2 Long 20.0 15.3 306 53,600 82,800 23.5 100 
3 Short 19.4 15.1 293 67,900 108,200 
4 Short 19.6 15.3 300 67,800 108,200 
Pipe 2 
5 Long 19.9 15.1 300.5 48,200 85,200 23.2 100 
6 Long 22.0 15.1 302 51,000 85,200 2 23.8 100 
7 Short 19.9 14.5 288 .5 70,100 107,700 
8 Short 19.7 15.0 195.5 72,700 107,900 


* See Fig. 6. 


Welding Technique 


Schiffler and Wingerath” investigated the mechanical 
properties of gas welds in 14- and 22-mm. ('/» and 7/s-in.) 
thick Cr-Mo-Si tubing containing 0.06-0.12 C, 2-3 Cr, 
1—1.5 Si and 0.5-0.8 Mo (outside diameters: 152 and 
241 mm., respectively). These tubes are used chiefly for 
high-temperature and high-pressure steam conduction in 
steam power plants. Exact fitting and equal diameter 


of both parts are very essential. The flame must be 
neutral to prevent decarburization and overheating. 


Z =Tensile B = Bend 
K =Impact Test 
Specimens 


Fig. 6—Tensile, Bend and Impact Test Specimens Used b 
Schiffler and Wingerath” 
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Table 23—Notch Impact Strength of Gas-Welded Cr-Si-Mo 
Tubing. Schiffler and Wingerath”’ 


Notch 
Dimensions Cross Impact Position 
Width, Thickness, Section, Strength, of 
Specimen Mm. Mm. Mm.* Mkg./Cm.? Notch* 
Pipe 1 
9 6.9 10.0 69 17.8 a 
10 Fe 10.0 71 6.7 b 
11 6.8 10.2 69.4 19.0 é 
12 6.9 10.0 69 17.6 a 
13 6.9 10.0 69 7.4 b 
5 10. 5 5.9 


10 
16 .0 10.0 70 9.0 b 
17 6.5 10.0 65 20.1 c 
18 6.8 10.0 68 15.6 a 
19 6.8 10.0 68 Ye 


10. 


= notch in top transition zone. 
b = notch in weld. 
= notch in bottom transition zone. 


might result in overheating during operating conditions 
because of the decrease in conductivity. 


Mechanical Properties 


Long and short tensile test specimens were cut from 
the pipes as shown in Fig. 6, after the welds had been 
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machined flush with the surface of the pipe. The short 
specimens, breaking in the weld by virtue of their dimen- 
sions (see Fig. 6) had a tensile strength of 108,000 psi. 
in the heat-treated condition (30 min. at 750° C.); 
the long specimens broke in the plate—T.S. = 81,000— 
95,000 psi. All the welds reached a bend angle of 180° 
without serious cracking, with either the top of the 
weld or its root in tension; their notch impact strength 
was likewise satisfactory (Tables 22 and 23), with the 
notch placed in either the weld or at the top or bottom 
of the transition zone (Fig. 6). 


Impact Strength 


Standard size notched bar specimens cut from an arc 
bead weld on an as-rolled steel plate containing 0.14 C, 
0.49 Mn, 0.49 Si, 0.70 Mo and 1.81 Cr had a Charpy 
impact strength of 77 ft.-Ib., in the tests of Jackson and 
Rominski.2 The standard V notch was machined tan- 
gent to the fusion zone. The unwelded as-rolled plate 
had a Charpy strength of 14 ft.-Ib. Similar specimens 
cut from a weld joint in these plates showed Charpy 
values of 32 and 24 ft.-Ib., the former having the V 
notch at the fusion line and the latter in the annealed 
zone. The maximum weld hardness of the heat-affected 
zone was 397 Vickers Brinell (10 kg. load); that of the 
base plate, 295. 


Effect of Electrode Coatings 


Aleksejew and Meksin® found metallic arc-welded 
butt joints in 8- and 14-mm. plates porous and in- 
homogeneous when welded with base metal electrodes 
having a coating of the following composition: 25% 
Mn ore, 21% Ti ore, 25% kaolin, 0.17% ferromanganese 
and 12% starch. The plates contained 0.30-0.27 C, 
1.12-1.15 Cr, 0.58-C 05 Mn, 0.29-0.30 Mo and 0.10—0.32 
Si. Such welds are suitable only where low strength is 
permissible, according to the authors, and even then the 
electrode diameter should not exceed 4 mm. and the 
thickness of the coating be under 0.75-1.0 mm. Using 
low carbon electrodes with coatings containing pyro- 
lusite, ilmenite, kaolin, chalk and waterglass (no com- 
positions given) the authors found cracks in the thick 
plates (14 mm.) and inhomogeneity in the thin plates (8 
mm.). Very good welds were obtained, however, when 
the latter coating was substituted by one containing 
ferrotitanium (16% Ti) and 30% waterglass (1:1 ratio). 


Flash Welding 


For unalloyed steels with 0.10—0.45 C the most favor- 
able upsetting pressure in flash welding is 4270 tons/ 
in.,? according to Denker.*® Alloying elements, however, 
increase the viscosity of the fused metal and require the 
use of a correspondingly increased upsetting pressure. 
Another complication arises from the fact that, due to the 
excess air pressure which originates inside the tube during 
welding, oxidation is very liable to occur, especially with 
chromium, leading unavoidably to flaws and cracks in the 
seam. By enveloping the weld site in a protective gas 
atmosphere, the oxidation of the alloying elements is 
avoided, so that even higher alloyed steel tubes may be 
satisfactorily welded by this method. Thus, specimens 
cut from flash-welded tubes (0.20 C, 3.0 Cr, 0.6 Mo and 
0.6 W), welded in a protective gas and heat treated, 
Showed excellent bending properties. Bending was 
done over a mandrel of 1 in. diameter, with the seam in 
tension. The tube was 4 in. in diameter and of 0.43 in. 
wall thickness. The structure of the transition zone 
did not differ from that of the weld metal. The author 
States that with proper machine settings and precautions 
flash welding is more reliable than arc welding. 


Arc Welding 


Wallace*™ reports the successful Union-melt welding 
of 2'/.-3% Cr-Mo-V steels (0.12-0.20 C, 2.5-3.0 Cr, 
0.40-0.50 Mo, 0.20—0.27 V), in the form of interchanger 
shells used for the extraction of nitrogen from the at- 
mosphere. Preheating is very important if cracking 
is to be avoided. 


Hard Surfacing 


“Build-up” welding has come into use in the past few 
years not only as a method of repair or reclamation of 
worn parts but also as a process of manufacture of hard 
and wear-resistant engineering equipment. One of its 
great advantages is a large saving in cost and expensive 
materials resulting from the fact that the core is made of 
relatively cheap low carbon steel and that the hard- 
surfacing may be applied locally where it is most needed, 
i.e., the parts of a machine that are most exposed to 
wear-resistant action. Furthermore, the structure as a 
whole, consisting of a hard surface backed against a soft 
core, is apt to be more shock and impact absorbing than 
if it were made of solid wear-resistant steel. Although 
hardness is not the sole criterion of wear-resistant proper- 
ties, it is true, however, that as the hardness increases 
the wear-resistance also increases. The hardness of 
build-up welds depends on the type and content of the 
alloying elements in the weld metal as well as on the 
welding technique. As for the former, among the most 
important deep air-hardening alloy agents are Cr and 
Mn. Many welding rods for hard surfacing contain 
also W which increases the hardness by virtue of its 
carbide-forming characteristics. To study the effect 
of the welding technique, Rapatz, Hummitzch and 
Schiitz® investigated the hardness of a series of welds 
deposited by the electrodes whose composition is given 
in Table 24. Gas welds proved considerably softer than 
bare electrode arc welds. The difference, according to 
the author, lies in the greater heat input and the re- 
sulting slower cooling rate of gas welds. Furthermore, 
arc welds are usually deposited on the cold plate surface 
whereas gas welding is preceded by preheating. A 
further difference arises from the different alloying 
element recoveries of the two processes—are welding 
usually causing the greater losses. 

For build-up cutting surfaces on tools, welding rods 
that approximate the composition of high-speed tool 
steel are often used: 0.65—0.90 C, 3.5-4.5 Cr, 10-18 W, 
0.5-1.5 Mo and 2-20 Co. Built-up cutting surfaces, 
after a direct oil quench from the welding temperature, 
may show even better cutting characteristics and greater 
cutting speeds than forged tools of similar composition. 
The authors attribute this improvement to the cast 
structure of the weld metal (no details). 


Welding 4-6% Chromium Steels 


Tensile Strength 


Multiple-pass shielded metal arc-welded pipes (10*/, 
in. O.D., */s in. wall thickness; analysis: 0.14 C, 0.39 


Table 24—Hardness of Gas and Arc “‘Built-Up'’ Welds. 
Rapatz, Hummitzch and Schiitz”* 


Brinell Hardness, 


Mm.? Observations 


Chemical Composition, % Kg./} 
Gas Welds Metallic Arc 


No. Cc Mn Cr WwW 


1 0.20 1.70 ‘ . 160 200 Machinable 

2 0.30 1.10 0.90 eo. 260 290 Machinable 

3 0.70 2.00 0.90 ; 430 520 Can be shaped 
4 1.00 2.00 1.10 500 600 only by grind- 
5 1.15 0.40 1.00 1.70 375 530 ing 
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Table 25—Tensile of Welded 46% Chrome- 
j 
Heat Test Strength, WELD Derg: 

Process Treatment No. Psi Remarks 3 “er 
Metallic No preheat, no 78,800 Failed in parent | 

arc stress relieve 79,500 metal 
Metallic No preheat, 2 76,560 Failed in parent | 

Metallic Preheat, no 3 80,000 Failed in parent & 

arc stress relieve 79,300 metal 
Metallic Preheat, 4 77,430 Failed in parent PRENEAT AND NO STRESS PRENEAT AND Raver 

are stress relieve 78,280 metal © PREHEAT ANO No STHESS REL PRENFAT STEESS 
Atomic As welded 5 101,600 Failed in weld se : Ee : | 

hydrogen DISTANCE BETWEEN READINGS & 
Atomic Stress relieve 6 88,530 Failed in parent : 

hydrogen 88,250 metal Fig. 7—Hardness of 5% Chrome-'/:% Moly Steel Welded by [ES 

Mn, 0.38 Si, 4.70 Cr and 0.46 Mo) in the as-welded condi- preheated and annealed after welding. Oxyacetylene Fig. 


tion with no preheat failed in the parent plate, yielding 
a tensile strength of 79,000 psi., according to tests by 
Emerson.” The pipes were beveled 37'/2° to the hori- 


butt-welded '/,-in. annealed plates containing 0.07 C, 
5.51 Cr, 0.50 Mo and 0.37 Ti showed a tensile strength of 


55,000-65,000 psi. as welded ;** local blowpipe annealing th 
zontal and welded with coated base metal electrodes, for 3 min. at 1200-1400° F. did not materially change he 
using a */, x */,-in. split-band backing ring. Pre- these values. The welding rods contained 6-8% chrom- m 
heating and stress relieving did not have an appreciable jym and some columbium (no details). at 
effect on the tensile strength (Table 25) but modified tr 
considerably the type of fracture, non-stress-relieved Hardness pe 
specimens showing a non-ductile weld and heat-affected In Fig. 7 is shown the Brinell hardness distribution in Fi 
zone, as evidenced by the “‘necking down” of the parent the metallic arc welds tested by Emerson® (base metal 
plate on either side of the weld. Atomic-hydrogen electrodes). It should be noted that in the lower layers be 
welds in the same pipes (6.58 in. O.D.; 0.432 in. wall of the as-welded joint the maximum hardness was lower he 
thickness) made with bare base metal electrodes ('/s than that in the upper layers (250 vs. 350), presumably H 
and */1. in. diameter) failed in the weld, yielding atensile jp ecause of the self-tempering of the former during al 
strength of 101,600 psi. in the as-welded condition; welding. The maximum hardness of the preheated 3¢ 
after stress-relieving failure occurred in the parent plate plates (550-650° F.) was somewhat higher than that of di 
and the tensile strength was lowered to 88,500 psi. as non-preheated samples; from the standpoint of hardness w 
Single-pass Union-melt butt welds in */s- and */rin.  ajone, therefore, preheating seems to be disadvantageous. p 
plates, made with base metal ‘/ ein. electrodes, yielded That preheating is necessary, however, to prevent crack- B 
tensile strength values of 67,390 and 77,510 psi., respec- ing as the first pass is deposited on the cold plate, can be 
tively, after annealing for 1 hr. at 1625° F., according seen from the effect of preheating on cooling rates, as shown hi 
to tests by Wallace" (Table 26). The welding settings jn Fig 8. Stress relieving (1 hr. at 1350° F.) reduced the di 
for the */s-in. plates were: 30 volts, 850 amp., 20'/ 2 weld hardness to 150-200 Brinell, regardless of conditions \ 
in./min. welding speed, 60° V; for the °/,-in. plates —38 of preheat. The atomic hydrogen welds showed a very C 
volts, 1240 amp., 13*/: in./min. welding speed, 45° V. inuch similar behavior as regards hardness (Fig. 9), ce 
For both plates the weld seam was backed with a | x 2-in. Ww 
copper backing strip. Both welds proved 100% perfect el 
under X-ray examination. The */s-in. plates broke out- a 
side the weld; the */,-in. plates broke partly in the weld ; : ;, al 
and partly in the base All-weld-metal taken from hi 
the above plates and given the same heat treatment A+ ATomic HYDROGEN 0. 
(1625° F. anneal) yielded a T.S. = 70,000-78,000 psi. k 
and an elongation = 20.5-25.0% in 2 in. S 
4-6% Chrome-'/2% Moly, steel plates, metallic arc ty 
welded with base metal electrodes, broke in either the 
plate or the weld, yielding a tensile strength of 65,000— h 
67,000 psi., in tests by Thomas.* The plates were : d 
S 
Table 26—Physical Properties of Weld Metal and Welded § 
Plates of 4-6% Chrome-'/,;% Moly Steel. Wallace"! 
Tensile 
Strength, Elong., % 
Test Size Treatment Psi. in 2In 
Weld metal H 
*/s-in. plate 2in. x0 402 1 hr. at 1625° F. 70,610 25.0 9 
‘/-in, plate 2in. x 0.505 l hr. at 1625° F. 78,740 20.5 ro 
Welded plates 9 
plate 0.376x1.495 Lbhr.at1625° F. 67,390 outside ; 
/ein. plate 0.735x1.493 1 hr. at 1625°F, 77,510 Broke partly in Time 
weld, partly 9 


in base metal 
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Fig. 8—Effect of Preheating on Cooling Rates of Welded 5" 
hrome-'/,% Moly Steels. Emerson*? 
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Fig. 9—Hardness of 5% Chrome-'/,% Moly Steel Welded by 
Atomic Hydrogen Process. Emerson** 
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the stress-relieved specimens showing only a slight rise in 
hardness over the unwelded plate. Also in the Union- 
melt welds of Wallace,™ an annealing treatment of 1 hr. 
at 1625° F. resulted in a fairly uniform hardness dis- 
tribution over the entire cross section of the weld proper 
and heat-affected zone, 70-80 Rockwell B, as shown in 
Fig. 10. 

Tempering welds in a 5% chrome-'/2% moly 0.1% car- 
bon steel for 2 hr. at 750° C. reduces the hardness of the 
heat-affected zone from 426 to 180 Brinell, according to 
Harris® (no details). The maximum weld hardness in 
air-cooled oxyacetylene-welded 4-6% chrome steels is 
340-430 Brinell, according to Oxyacetylene Tips* (no 
details); a 4-hr. anneal at 1300° F. reduces it to 200, 
while cooling from 1600 to 1292° F. at the rate of 50° F. 
per hour and then air cooling reduces it further to 140 
Brinell. 

Effect of Columbium.—Additions of Cb reduce the air- 
hardening tendency of these steels and thereby also re- 
duce the induced hardness of the weld zone, according to 
Wilkinson® (no details). Similarly, Franks® states that 
Cb bearing (about 0.5% Cb) 4-6% Cr steels can be suc- 
cessfully welded with austenitic Cr-Ni welding rods 
without encountering difficulties due to excessive hard- 
ening in the heat-affected zone. Thus, an arc weld in 
an annealed '/s-in. plate containing 5.09 Cr, 0.46 Mo 
and 0.07 C and made with a 24 Cr—12 Ni rod showed a 
hardness in the transition zone of RB = 110; adding 
0.51 Cb to the plate reduced the weld hardness to 85 
RB (compared with 75 RB for the unwelded plate). 
Similar results will also be obtained when 25 Cr-20 Ni 
type welding electrodes are used. 

Bruckner™ investigated the hardness maxima of the 
heat-affected zones in single bead metallic arc welds 
deposited on two plates, one containing 0.11 C, 0.19 
Si, 0.51 Mo, 5.85 Cr, and the other 0.065 C, 0.22 Si, 


0.51 Mo, 5.66 Cr and 0.55 Cb. Under the same condi- 
tions of welding, the former developed a hardness of 
437 Vickers as against 383 for the latter. For a fair 
comparison between the two steels as to the effect of 
Cb on hardness maximum, it should be noted, however, 
that the Cb-bearing steel also contained less carbon 
(0.065% vs. 0.11% carbon). 

Brooks* (private communication) states that titanium 
behaves in a manner similar to columbium. Further- 
more, according to the latter author, practically all of 
the non-hardening 5% chromium-molybdenum material 
manufactured to date has been titanium bearing. 

Effect of Phosphorus.—Newell and Olzak® have found 
that up to 1%, phosphorus does not appreciably reduce 
the weld hardness of these steels to below that of a low P 
steel of the same carbon content (Table 27). Their 
tests consisted of metallic arc single bead welds deposited 
on annealed plates, with Fleetweld soft steel coated rods. 

Ductility and Impact Strength——The absolute neces- 
sity of stress-relieving welds in these steels is illustrated 
by the tests of Emerson,” Table 28. As-welded metal- 
lic arc welds (base metal electrodes) snapped upon 
reaching angles well below 70°. Preheating alone did not 
improve the bend angle; stress relieving (1350° F.), 
however, restored the ductility completely, so that 180° 


* Cramp Shipbuilding Co., Philadelphia, Pa. 
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Hardness impressions taken ut approximately 1/8" intervals 
—_ the edge of ench plate across tho weld to the oppo- 
site edge. 
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Fig. 10—Rockwell B Hardness of Q-Welded 4-6% Chrome- 
Moly Plates. Wallace*! 


Table 27—Effect of Phosphorus on Weld Hardening of 5 Cr-'/,% Mo Steels. Newell and Olzak" 


Chemical Composition— 
Si Cr 
0.098 ).356 5.07 
0.104 .334 99 
.28 88 
).40 5.01 
.30 .79 
.418 5.25 


Hardness, As-Welded 
Weld Metal Weld-Affected Zone 
Rockwell Brinell Rockwell Brinell 
0.020 B-100 396 
0.116 B- 96 216 3! 322 
0.094 B- 98 228 >-36 331 
B- 97 af 340 
B- 95 f 206 
B- 98 228 Sod 313 
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72 72 70 16 76.5 75.5 a 
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76 4. | 80 | 79.5 75.5 | 
75.5 75 14 77 73.5 
75 75.5 76 77 75 
75 75 76 77 76.5 74 
76 74.5 75 76 7 74.5 
75 75 74 76 77 74 
76 75.5 72 76 77 3.5 “a 
— 75 75.5 73 76.5 ”7 7 : 
wear 5 75 73 76 
75 75 75 76.5 
75 74 
75 - 
Heat Mo 
935 0.58 
934 0.54 
930 0.54 
932 0.51 
933 0.48 
| 5% 936 0.58 
ER 
1942 407-s 4 


Table 28—Bend-Ductility Tests on Welded 46% Chrome-'/:% Moly Steel. Emerson™ 


Test 

Process Heat Treatment No. 
Metallic arc No preheat, no stress relieve 1 
Metallic arc No preheat, stress relieve 2 
Metallic arc Preheat, no stress relieve 3 
Metallic arc Preheat, stress relieve + 
Atomic hydrogen As welded 5 
Atomic hydrogen Stress relieve 6 


Root bend. 


bend angles were easily reached. As-welded atomic 
hydrogen welds were even more brittle than metallic 
arc welds in the as-welded condition but yielded 180° 
bend angles when stress relieved. Local blowpipe 
annealing (3 min. at 1200-1400° F.) improves the 
ductility considerably raising the free bend angle of 
oxyacetylene welds from 45-90° to 120-180°.% Boutté*® 
recommends stress-relief treatment as follows: 1 hr. 
at 850-875° C., cool slowly at a rate of 25-30° C. per 
hour to 650° C., then air cool. Bruckner®™ states that for 
preheats up to 700° F. postheat treatment is necessary. 

Unwelded, as-rolled plates containing 0.11 C, 0.38 
Mn, 0.19 Si, 0.51 Mo and 5.85 Cr have a Charpy impact 
strength of 147 ft.-lb., according to Jackson and Romin- 
ski.“ Standard size notched bar specimens (0.394 x 
0.394 x 2.165 in.) cut from single bead arc welds de- 
posited on '/»-in. plates yielded a Charpy strength of 
22 ft.-lb. The standard V notch was machined tangent 
to the fusion line in the above specimens. Specimens 
cut from actual weld joints in the above plates had an 
impact strength of 37 ft.-Ib. when the notch was placed 
in the fusion line, and one of 30 ft.-Ib. when the notch 
was placed in the heat-affected zone. The Union-melt 
welded plates of Wallace* (see above) yielded an average 
Charpy impact strength of 31.7 ft.-Ib. with the notch in 
the center of the weld. 

Welds produced in columbium-bearing 4-6% chro- 
mium steels with the 24% chromium and 12% nickel 
steel rods possess a high degree of ductility and tough- 
ness and the metal is not greatly hardened in the ad- 
jacent zones. According to Franks,” Izod impact values 
of at least 35 ft.-Ib. will be obtained in these welds and 
in the adjacent zones, showing that the unannealed welds 
are sufficiently tough for many purposes. 


Cracking 


Rollason® investigated the cracking behavior of °/,- 
in. thick 6% chrome steel (0.16 C, 5.88 Cr, 0.35 Mo) 
plates in a modified fillet Reeve test (for description see 
section on Cr-Ni-Mo Steels, Part I). As shown in Table 
29, cracking occurred in the majority of cases either in 
the weld throat or along the boundaries of the columnar 
crystals which are characteristic of these steels. From 
restraint butt-weld tests on the same steel (high-tensile 
Cr-Mo electrodes) Rollason and Cottrell’ have found 
that the cracking occurs at 60-85° C. In the same tests, 
Cottrell, Winterton and Crowther® observed that crack- 
ing was only very slight when the cooling was delayed 
for 10 min. at 100° C.; after a delay of 20 min. at that 
temperature, cracking was still less and found only at a 
few places along the weld. The authors suggest that 
the improvement is due to the fact that the martensite 
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% Elongation on 
Face Bending Remarks 


70° bend, weld snapped 


2.5 Weld metal highly raised but did not faij 
41.5 180° bend, ductility good 
34.1 180° bend, ductility good 

a 25° bend, snapped, stress concentration 

around gas pocket 

2.0 Weld metal raised but did not fail 
34.6 180° bend, ductility good 
34.6 180° bend, ductility good 

oe) Brittle as glass, slight deflection caused failure 

: Brittle as glass, slight deflection caused failure 

47.5 180° bend, ductility good 
47 .5* 180° bend, ductility good 


present is toughened and is able to withstand the in- 
duced stresses. The same effect may be produced by 
preheating to 200-250° 3%, 41, 4 

Emerson™ states that if the welding is done without 
preheating, cracks develop in the root of the weld as a 
result of the quenching action of the first pass on the cold 
pipe. If the first, and possibly the second, pass can be 
laid down without cracking, there is reasonable assur- 
ance that the weld will not crack, according to the latter 
author. 

Rollason*® states that the majority of cracking failures 
in these steels in service is associated with the sealing 
runs deposited on a screwed pipe and flange or pipe and 
extension piece fitting. 


Welding with Austenitic Electrodes 


Welding with austenitic electrodés without preheat 
or post annealing results in a hard and brittle adjacent 
zone in much the same way as when welding with base 
metal electrodes, except that the weld proper in the 
former case is considerably softer, according to tests by 
Thomas, Fig. 11. Welds made by the author with 
19-9 and 25-20 chrome-nickel electrodes were able to 
bend 180° without cracking, the latter showing some- 


; 
WELDED 


Fig. 11—Hardness Surveys of Welds in 4-6% Cr-Mo Steels. 
Thomas** 
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Table 30—Chemical Analysis of Plates, Electrodes and Weld 
Metal. Wallace"! 


© Mn P Ss Si Ni Mo 
Plate 
in, 0.076 0.40 0.019 0.415 87 0.149 
3/4 in 0.12 0.36 0.020 0.404 5.15 0.393 0.58 
Weldingelectrode 9 o95 9; 0.014 0.419 5.23 0.208 0.54 
(7/4 in. diam.) 
ion 500 ve 0.081 5 5.12 0.53 
3/«-in. plate 0.109 2 5.06 0.51 
£1400 
ure E 25 Cr-20 Ni type. By tempering after welding at 
ure e 1400-1500° F. it is possible to eliminate the hardening 
effect and to raise the plastic properties of the welded 
| | 
O51 {10 100 1000 10000 100000 1000000 
by Transformation Time Seconds 
TH 
ut Fig. 12—S-Curve for a 5.5% Cr-0.5% Mo Steel. Davenport! 3 
Id what greater ductility and lower weld hardness (in weld 
be metal proper). The tensile strength of these welds Y 
ir- compared favorably with those made with base metal T 
ter electrodes (70,000 psi., fracture in plate, vs. 67,000 psi., t 
both as welded). The author, therefore, suggests weld- 
res ing these steels with 25-20 electrodes wherever preheat \Orn OF macs 
ng and subsequent anneal are impracticable. To illustrate w 
nd the advantage, the author cites the successful behavior of Ss ~ 
such welds for 8 months (still in service at time of report) g ay 7 
in an oil refinery piping system where all other welds ~ 4 
previously tried failed within 3 or 4 months. Brooks* 
at (private communication) emphasizes the desirability of 
at using the higher alloy (25-20) electrodes, stating that 
=m industrial experience has indicated quite clearly that in 
he the absence of extremely favorable conditions, dilution 
eae of the 18-8 electrode frequently becomes so great as to 
th produce a weld having an unstable composition, which 
to may crack shortly after welding or in service. The 
choice of 18-8 or 25-20 should be predicated upon the 
extent of dilution which is likely to occur. It is also 
worth remembering that in the restraint butt-weld crack 
tests of Rollason and Cottrell,“ welds made with austeni- 
] tic Cr-Ni electrodes (18-8 type) were free from all 
sah cracking. The authors propose the explanation that 
2 ee the region around the weld picks up enough alloying 
element content to cause a large retention of austenite 
+ with reference to martensite, thereby producing a tougher 
structure. 
mee” Also Thikodev and Solov’eva“ state that the best 
= method of welding a steel containing 0.15 C, 5-6 Cr, 20 
ie 1.5-1.7 Si and 0.3-0.5 Mo is metallic are welding with TEMPERATURE //7¥ °C 


electrodes of austenitic Cr-Ni steel of the 25 Cr-12 Ni or 


Fig. 13—The Effect of Low Temperatures on the Tensile 
* Cramp Shipbuilding Co., Philadelphia Pa Properties of Stainless Steel Welds and Base Metal. Henry, 
Cordiano and Umanoff* 


Table 29—Modified Reeve Test on 6% Cr-Mo Steel, °/,-In. Thick, 3-In. Run. Rollason“ 
Length, Current, Time, Energy /Cm Cracking in 
f Electrode Type In Amp. Volts Sec. in Watt Sec. Weld Plates* 
Nea EAR 4-6% chromium 3.8 120 45 18,700 nil 
is tan ) 18/8 wound extruded chromium 5.5 100 32 34 14,000 T nil 
High tensile 130 28 28 T nil 
7 2% nickel Cr-Mo high tensile 3. 125 : 28 j T nil 
110 2 38 d Nil to F, Grade 4 


crack through throat of weld. 
‘teels. fine cracks along columnar crystals. 
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Fig. 14—Effect of Low Temperatures on the Tensile Impact 
Properties of Stainless Steel Welds. Henry, Cordiano and 
Umanoft® 


seams. The heat treatment may, of course, be omitted 
in those cases where the welded members are to be used at 
high temperatures and where tempering in service may 
take place (the steels are heat resistant and are used 
mostly at 1300-1400° F.). The welding operation did 
not impair the resistance of the welded structure to 
oxidation at 1300° F. in flue gases containing SO2. 


General Observations 


S-Curve.—On the basis of S-curve data for this class 
of steels, Fig. 12, Aborn® has calculated that the maxi- 
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Fig. 15—Data from Stainless Steel Welds Made with °/,,-In. 
Diameter Tips at 50,000 Psi. Electrode Pressure in Four Different 
Times. Hess and Wyant®® 
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Fig. 16—Data from Stainless Steel Welds Made in 6 Cycles 
with °/,.-In. Diameter Tips at 50,000 Psi. Electrode Pressure. 
Hess and Wyant®® 


mum safe cooling rate to avoid martensite formation is 
28° F. /min. in the temperature interval between Ae, and 
650° F. 

Recovery.—In the Union-melt welds of Wallace," 
chemical analysis of the weld metal has shown that there 
was practically no loss of alloying elements, Table 30. 
For gas welding, however, a rod containing 1~1'/.% 
more chromium than the base metal is recommended,” 
to allow for oxidation losses. 

Are and Gas Welding.—Because of, the danger of air 
hardening, metallic arc welding is to be preferred, ac- 
cording to Boutté,*® because of the greater localization 
of heat in this process. In general, if the carbon content 
is greater than 0.15%, the steels should be arc welded; 
if less, they may also be gas welded.* 

Spot Welding.—For spot welding 0.8-, 1.0- and 1.5-mm. 
sheets of a ferropearlitic heat-resistant Cr-Si steel con- 
taining 0.09 C, 0.51 Mn, 1.46 Si, 0.68 Al, 8.75 Cr, 0.26 Ni, 


9,000 
8,000 } 
Air Corps Specification / 
20011A 
7,000 |— Minimum Strength for 
Single Shot Shear Spec- 
6,000 
5000 
= Spot welded 
3 18-8 stainless 
4000  sfee/ spec. No. 
W068 
3,000 
2,000 


Spot welded 
24 St Alclad 
@l-alloy Spec. 


11067 
| 

0 0020 0040 0060 0.080 0100 
Thickness of Each Sheet-Lap Joint 


Fig. 17—U. S. Air Corps Specifications for Minimum Shear 
Strength of Single Spot Welds in Aircraft 18-8. Cudhea” 
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9015 S and 0.015 P to one containing 0.15—0.25 C, 
0.17-0.37 Si, 0.35-0.65 Mn, 0.2 Cr and 0.3 Ni, Scharkov 
and Eljkin® found the following machine settings most 
suitable: electrode pressure = 60 kg., electrode diame- 
ter = 4-5 mm., time = 0.15-0.20 sec. The spot welds 
were free from porosity and cracking, showed complete 
penetration and had the following strength characteris- 
tics per point: 648-710 kg. for the 0.8-mm. sheets, 
320-900 kg. for the 1.0-mm. sheets and 1110-1250 kg. 
for the 1.5-mm. sheets. 

Technique.—Unlike mild steel electrodes, those of 
the 4-6% chrome variety can be used in the vertical 
and overhead position only with difficulty (Emerson®). 
Even in the flat position these electrodes require greater 
precautions than mild steel electrodes; 10-15% higher 
welding current was found desirable to eliminate poros- 
ity. For the same reason, it is necessary to maintain a 
rather large weld pool to allow for escape of gases. Also the 
atomic-hydrogen process is confined to the flat position. 

Weldability.—Steels containing 0.02—-0.42% carbon 
and 4.96% chromium are reported by Takadera“ to be 
unsatisfactory from the standpoint of weldability. With 
a reduction of the chromium content to 3.06%, how- 
ever, satisfactory results were obtained (no details). 


Welding Stainless Chromium Steels 


Note: For problems relating to the effects of weld- 
ing on the corrosion resistance of the stainless steels, 
the reader is referred to a recent Review of the Literature 
on the “Corrosion Resistance of Welded Joints,’ Tue 
WELDING JOURNAL, 21 (5), Research Suppl., 209-s to 
237-s (1942). Herein are reviewed only the physical 
properties of the joints.) 


Plain Chromium Steels 


The plain chromium steels may be divided for pur- 
poses of classification into two main groups: (a) the 
martensitic type, containing usually 12-18% Cr and 
about 0.20% C, and (b) the ferritic type, with Cr con- 
tents above 18%. It should be noted, however, that 
the line of demarcation between the two types its not 
sharply defined, and whether a steel will be martensitic 
or ferritic at room temperature depends on the relative 
contents of both Cr and C, the former promoting the 
ferritic and the latter the martensitic constitution. From 
the standpoint of welding, the problem with these steels 
centers about the air-hardening properties of the mar- 
tensitic type and the excessive grain growth of the fer- 
ritic type, both phenomena leading to either cracking or 
undue brittleness. 

Air Hardening and Grain Growth.—As in the case of 
the 4-6% Cr steels, the solution to these problems has 
been found in either preheating and subsequent heat 
treatment or adding certain elements that inhibit air 
hardening. Thus, Brady‘ states that with chromium 
steels containing Cr < 16% preheating to 300-500° F. 
and subsequent furnace cooling should be employed to 
counteract the air-hardening effect; preheating, how- 
ever, is unnecessary if austenitic electrodes of the 25 Cr- 
20 Ni or 25 Cr-12 Ni type are used, provided the work 
is not allowed to become too warm during the welding 
operation. Similarly, according to the same author, 
adding 0.20-0.40% Al to 12-16% Cr steels eliminates 
the problem of air hardening. Sanderson® states that 
welds in 12-16% Cr and 0.20% C steels should always be 
heat treated—-heating to 815° C. and furnace cooling. 
Metallic arc-welded '/,-in. plates containing 12% Cr 
and 0.11 C, using either 18-8 or 4-%% Cr electrodes, 
showed good physical properties if preheated to 700° F. 
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Fig. 18—Hardness Tests of High-Alloy Stainless Steels. Emerson®! 
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and annealed at 1350° F. after welding, according to 
tests by Emerson™ (Tables 31 and 32). Fracture on 
tension occurred in the plates (T.S. = 62,500 psi.) and 


Table 32—Free Bend Tests. Emerson"! 


% Elonga- 
the welds withstood a 180° bend. tion in 
The ferritic chromium steels present the problem of No. parent Metal Electrode cons Sinise 
excessive grain growth, which cannot be cured by heat 1 Lowecarbon 25-12 15.0 180° bend, difficult to get uni. 
x orm bending (not maxi- 
treatment alone. Brady*’ states that many mills are mum elongation of weld). 
producing these steels with additions of N» which re- 
4 g 
duces grain growth and improves the grain structure of 2  Lowcarbon 18-8 6.5 180° bend, non-uniform bend. 
the heat-affected zone adjacent to the weld. Sanderson*® and adjacent 
states that the use of austenitic 18-8 welding rods reme- Lewentten 618-6 9.5 180" bend, non-uniform bend 
° ing through and adjacent to 
dies the situation but does not eliminate all the difficul- weld, 
. . 25-12 ow carbo 30° was obtaine: 
ties. According to Emerson™ both 17% and 27% Cr ter 
irons (0.08% and 0.13% C, respectively) can be arc weid. The 60° bend took 
. or place in parent meta! ad 
welded successfully with 18-8 or 25-12 electrodes, al- . iacent to weld 
25-12 L 25° was obtaine 
though annealing may often be required to produce de- , sata eal followed by failure through 
sirable ductility in the heat-affected zone of the parent 
plate (Table 32). The 17% Cr plate welded with 18-8 : : eat te weld 
2 25 5 ( é e 
electrodes fractured through the top bead near the line * appearames of bend 
oO SI ; > > > cally austenitic 
f fusion on tension, and in the heat-affected zone on 27% Cr 95-19 19.0 
bending prior to reaching 180° (as-welded). The 27% appearance of bend typi 
Cr plates fractured in the parent metal and withstood a 5 27% Cr 18-8 17.0 190° hen, appecrecce <a 
180° bend angle. The author points out, however, : ; ductility good 
27% Cr 18-8 16.0 180° bend, appearance and 
that these welds should not be used under conditions of ductility good 
alternate heating and cooling, since failure might result 
from the differences in the coefficients of expansion and 17% Cr 25-12 16.5 Weld satisfactory but cracked 
contraction of the two materials. For service of this 7 17% Cr 18-8 20.5 Weld satisfactory but cracked 
i ste: Ne 
type base metal electrodes should be used. The hard- 
i > »Ids 32 after welding 
ness paar emenene of these welds are shown in Fig I . 17% Cr 18-8 17.0 Weld satisfactory but cracked 
Brazing.—Stainless steel of the straight chromium in heat-affected zone. Need 
. . . li la 
type is not easily copper brazed in any present-day com- ther 
mercial reducing atmosphere, even where a flux is used, 8 12% Cr 18-8 C.B. 10.5 oy A appearance satis 
according to Kelly.*® It differs from the low carbon 12% Cr 18-8 CB. 10.5 180° bend, appearance satis- 
steels in that the Cr oxidizes at high temperatures to 9 12% Cr 4-6% Cr 14.0 180° bend, appearance satis 
form Cr,0;. The atmosphere best suited for this type 
of work is one which is capable of reducing Cr2O, at the 12% Cr 4-6% Cr 16.0 180% bend, appearance satis 
brazing temperature and requires no flux, because the 2 ey sean 
alloying action between the brazing material and the 1° | 
. . « 
straight Cr steels is prevented almost entirely by verylow 11 18-8 17% Cr 3.0 180° bend 
18-8 17% Cr 6.5 180° bend 
12 25-12 27% Cr 16.5 180° bend, appearance satis 
factory 
25-12 27% Cr 15.0 180° bend, appearance satis 
61 factory 
Table 31—Tensile Tests. Emerson 13-25-12 17% Cr 2.5 Fractured through weld face 
Ultimate face of weld brittle but root 
Strength, of weld ductile 
No Parent Metal Electrode Psi. Remarks 25-12 17% Cr >.5 Fractured through weld face. 
1 ‘/ein.lowcarbon 25-12 45,200 Fractured in parent metal 
'/ein. low carbon 25-12 45,000 Fractured in parent metal uctile 
2 '/yin. lowcarbon 18-8 45,000 Fractured in parent metal 
'/,in. lowcarbon 18-8 45,000 Fractured in parent metal 
3 ‘'/¢ein, 25-12 Low carbon 35,200 Very coarse crystalline frac- 
ture directly through cen- ° ° 
of weld partial pressures of either or water vapor that 
Im, carbon ery coarse cryste irac- 
directly through usually present in many fluxes. 
ter of weld jinwecticoate req 
4 Wein. 27% Cr 25-12 75.550 Fractured in parent metal . ay investigated the phy sical peope rties of joints 
«in 27 Zo Cr 12 75 in parent ina 12% Cr steel (0.09 12.0 0.50 Mn, 0.35 Ni, 
27% Cr 18-8 75.600 Fractured in parent metal 0.30 Si) brazed with Cu, Cu-Ni-Fe or Co-Cu alloy in a 
6 Mein. 17% Cr 25-12 80,550 Fractured in parent metal > a7 
7% hy drogen atmosphere. The brazed joints stood up 
7 Vein. 17% Cr 18-8 77,800 Fractured through edge of surprisingly well under tension (Table 33), but showed 
oo disappointingly low values of impact and fatigue strength 
1/,-in. 17% Cr 18-8 No test § Ste 74 -ey > 
sS ! . in. 1 29 Cr 18-8 C.B. 62,200 Fractured in parent metal (Table 34). Standard impact specimens with key hole 
, eBes wees 62,450 Fractured in parent metal notches at the joint had an impact strength of 0.99-1.75 
2 6% C 62,200 ‘ract arent ts 
(im, 129% Gr 46% Cr 54.600 Fractured in parent metal {t.-lb. in the as-brazed condition; heat treatment (950° 
10 18-8 27% Cr 87 300 Fractured in parent metal ; sheati Te. 
'/,-in. 18-8 27% Cr 85,000 Fractured through center of C ” rapid cooling, rehe ating to 650 C., cooling) improv ed 
weld; extremely crystal- these values somewhat to 1.4-3.8 ft.-lb. The fatigue 
11 '/ein. 18-8 17% Cr 67,200 vinstens thea top edge endurance limit was about 20,000 psi., so that the ratio 
ete. 18-8 17% Cr en sa .,. of fatigue strength to ultimate strength is obviously low. 
weld followed by a shear A oe T 
failure along fusion line ustent 
12 35 Cr 92,800 Fractured in parent metal ype 
'/qin. 25-12 7% Cr 93,000 Fractured in parent metal . : 
13 25-12 17% Cr 88.700 Fractured through weld. and Impact Cordiano 
The top bead (on face mano investi S neth ol 
'V/ein, 25-12 17% Cr 82.800 weld) appeared very brit- . ‘ gate! the tens e and impact stre gt . 
tle while root of weld ap- Metallic arc and gas butt welds in */,-in. plates containing 
peared very ductile. Top Nia 5 ; 5- 
bead showed very crys. 6-20 Cr, 8-12 Ni, 0.50 Mn, 0.50 Si, 0.05-0.15 C and 
talline fracture welded with a low carbon austenitic filler rod (0.083 C, 
Crand 8.91 Ni). The welded plates were annealed 
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Table 33—Tensile Tests on Brazed 12% Cr Steels. 


TS., Pai. 
Unheat-Treated 


Kelly* 


Sample No. Brazing Material At 900° F. 
1 Cu 33,800 33,200 
4 Cu 118,900 21,800 
2 Cu-Ni-Fe* 125,600 33,300 
5 Cu-Ni-Fe 139,600 32,900 
3 Co-Cut 124,000 38,800 
6 Co-Cu 85,000 26,900 


* 85 Cu-10 Ni-5 Fe. 
+ 3 Co-97 Cu. 


Table 34—Fatigue Tests on Brazed* Joints. Kelly“ 


As Brazed 

Stress, Psi. Cycles Remarks 
50,000 3,000 Broke 
30,000 6,000 Broke 
30,000 7,000,000 Unbroken 
30,000 142,000 Broke 
20,000 1,762,000 Unbroken 
20,000 11,590,000 Unbroken 
20,000 681,000 Broke 

Heat Treated, 950° C., Rapid Cooling, 650° C., Draw 

30,000 186,000 Broke 
22,500 43,000 Broke 
20,000 8,674,000 Unbroken 


* 85 Cu-10 Ni-5 Fe brazing material. 


at 1950° F., air cooled, and tested at temperatures 
ranging from +20° C. to —80° C. The welded joints 
under tension broke in either the weld metal or the scarf, 
or partly in each. While the tensile strength of the 
unwelded plates increased considerably as the tempera- 
ture dropped from +20° C. to —80° C., their elongation 
and reduction of area values decreased only slightly. 


17 % CR ELECTRODE 
27 Yo CR ELECTRODE 
I | | 
—— — +} 
Ww 
x 100}— = 2 a | + + + + 4 
Y 18-8 BASE METAL 
> 


Fig. 19-—-Hardness Values of 18-8 Plates Welded with 17% Cr 
and 27% Cr Electrodes. Tested As Welded. Emerson*! 


The same trends were also shown by the welded speci- 
mens, but to a lesser degree (Table 35 and Fig. 13). 
The impact strength tests of the welded plates yielded 
somewhat erratic results (Table 36 and Fig. 14) that 
permitted no specific conclusions except to state that at 
temperatures between 0° C. and —S0° C. the welds 
were about 80% as strong as the base metal. 

In the tests of Emerson," 18-8 plates welded with 27 
or 17 Cr electrodes fractured in tension entirely through 
the weld, the fracture being brittle and crystalline 
(Table 31). 25-12 plates welded with 17 Cr electrodes 
fractured through the weld, with the top bead appearing 
hard and crystalline and the bottom bead relatively 
ductile and fine grained. The same plates welded with 
27 Cr electrodes, however, broke in tension in the parent 
metal (T.S. > 90,000 psi.) and showed a bend angle of 
180° (Table 32). The hardness of the weld deposit of 17 
Cr electrodes on 18-8 parent metal was over 400 Vickers 
(Fig. 19), although microscopically there was no struc- 
ture present which could be associated with this high 
hardness value. On the basis of ¢he above results, 
the author concludes that 17 Cr electrodes are not suit 
able for welding either the 18-8 or the 25-12 Cr-Ni 
stainless steels. 


From tests by the same author it is evident that 
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O LOW CARBON ELECTRODE, 25-12 STAINLESS STEEL PLATE 
4 18-8 STAINLESS STEEL PLATE 
@ 25-12 STAINLESS STEEL ELECTRODE, LOW CARBON PLATE 
4 !8-8 STAINLESS STEEL ELECTRODE, LOW CARBON PLATE 


Fig. 20—Hardness Values of 18-8 and 25-12 Plates Welded with Low Carbon Electrodes. 
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neither 18-8 nor 25-12 Cr-Ni plates should be welded 
with plain low carbon electrodes, because of the danger 
of cracking in the weld during cooling or even after some 
time has elapsed. Microscopic examination also re- 
vealed a large number of small cracks within the weld 
metal running parallel to dendritic segregation. 25-12 
plates welded with plain carbon electrodes showed a 
brittle and hard fracture through the center of the weld 
in both the tensile and free bend tests (Tables 31 and 32). 
The high hardness values of the welds (> 400 Vickers) 
are shown in Fig. 20. 

Effect of Welding on Magnetic Permeability—The 
austenitic stainless steels of the 18-8 or 25-12 type, if 
free from ferrite, have practically the same permeability 
(1.003 at 436 oersteds). Careful welding does not ap- 
preciably alter this value, according to Austin and 
Miller." In Table 37 are reproduced some permeability 
measurements made by the latter authors on austenitic 
metallic arc butt welds in */s-in. plates. The shown per- 
meabilities are well below the maximum of 1.02 permitted 
by the U.S. Navy Department (Spec. 47-S-20A, May 1, 
1937) for such materials. It should be noted, however, 
that where a minimum permeability is essential it is ad- 
visable to have the Ni-Cr ratio as high as is compatible 
with other requirements. 


Table 35—The Effect of Low Temperatures on the Tensile 
Properties of Stainless Steel Welds and Base Metals. Henry, 
Cordiano and Umanoff* 


Tensile Proportional Reduc- Modulus of 
Temperature Strength, Limit, Elong., %, tion of Elasticity, 
of Test, ° C Psi. Psi. 2 In. Area, % Psi. 

Base Metal Tests 
20 95,000 17,500 66.0 80.0 29.2 x 106 
0 125,500 23,000 58.5 74.5 28.8 x 106 
—20 137,500 26,500 45.5 57.2 28.8 X< 108 
—40 156,300 25,000 54.2 68.5 28.1 108 
— 60 163,000 27,500 55.5 69.0 31.2 K 108 
— 80 171,000 22,500 49.0 60.0 29.6 108 
Weld Tests 
21 83,300 22,500 32.5 27.5 27.1 X 10¢ 
21 82,000 25,000 31.0 24.0 26.9 & 106 
0 103,500 25,000 34.3 25.5 26.9 & 108 
0 104,500 25,500 40.5 35.5 28.9 x 106 
— 20 92,000 25,000 22.5 17.0 28.1 x 106 
—20 84,000 30,000 21.0 17.0 31.8 X 106 
—40 103,500 25,500 19.3 42.0 29.6 x 106 
—40 133,000 25,000 23.0 25.5 30.5 x 108 
—40 101,000 25,000 21.0 17.0 31.6 x 108 
— 60 97 500 27,500 17.0 15.0 29.6 xX 108 
— 60 93,000 25,000 17.0 23.5 32.9 & 108 
— 80 121,000 22,500 19.3 23.5 30.4 X 106 
— 80 130,000 22,500 22.5 20.5 28.0 « 108 


Welding Free-Machining Stainless Steels 


The free-machining stainless steels are either of the 
plain chromium or the 18-8 type, containing special 
alloying elements that improve the machinability. 
To the former are added S + Mo (0.30 and 0.35%, re- 
spectively), to the latter S + Mo or Se + P (0.30 and 
0.120, respectively). In general, these steels are not 
as suitable for welding as the regular grades, the chief 
difficulty arising from the tendency of the S and Se 
particles to decompose during welding and cause gas 
porosity. Nevertheless, with the proper technique, 
strong and ductile welds can be obtained, according to 
Watkins.” In Table 38 are reproduced the physical 
properties of austenitic welds in 18-8 free-machining 
steels, as obtained by the latter author. It will be noted 
that the per cent elongation is lower for the butt welds as 
compared with the unwelded base metal, this being 
particularly true for the free-machining grades. Despite 
this, however, the butt welds withstood a 180° bend. 


Spot Welding Thin Gage 18-8 


Welding Conditions.—For spot welding 18-8 sheets, 
0.040 in. thick, Hensel® recommends the following 
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Table 36-—The Effect of Low Temperatures on the Tensile 
Impact Properties of Stainless Steel Welds and Base 


Metal 
Henry, Cordiano and Umanoff* 
Impact Strength, 
Tempera- Ft.-Lb 
ture of Test Test Test Elong., %, Reductior 
Test,°C A B Cc 0.80 In rea, % 
Weld Tests 
26.6 108.0 116.2 115.5 46.3 46.3 5.0 69.1 69.7 | 
0 120.8 161.0 168.8 43.8 57.5 57.7 66.0 67.9 6128 
—20 158.5 163.0 152.8 48.8 48.8 48.8 45.4 37-6 ; 
—40 110.2 149.¢ 147.8 36.3 42.5 43.8 20.9 48.2 44 
— 60 151.5 142.5 : 42.5 40.0 he 44.6 37.6 
— 80 138.0 140.3 be 33.8 37.5 ; 29.6 36.0 
Base Metal Tests 
26.6 218.2 82.5 73.5 
0 186.9 66.3 70.7 
— 20 174.5 58.8 65.2 
—40 178.0 56.3 68.2 
— 60 174.0 50.0 65.9 
—80 174.2 48.8 63.4 
welding conditions: current timing = 2-10 cycles, 


welding pressure = 15,000-40,000 psi., kva. input = 
16-25. The above settings are to be applied with elec- 
trodes whose contact area of the welding face is 0.013- 
0.08 sq. in. Frost states that as a general rule the kva. 
input and the time for 16-gage sheets (0.062 in.) is about 
half of that required for mild steels, recommending a 
6-cycle current period, 17 kva. transformer capacity, and 
an electrode (0.20 in. diameter) pressure of 275 Ib. Hess 
and Wyant® find that 50,000 psi. (5/i.-in. diameter 
electrode) is about the optimum pressure for spot weld- 
ing 0.068-in. thick 18-8 sheets, although very good re- 
sults, with only slightly less strength, could be obtained 
at 40,000 psi. Six cycles were found by the same authors 
to be preferable to two cycles (Fig. 15) and very slightly 
preferable to 4 cycles, the shorter times showing a con- 
siderable area of incipient fusion around the weld. 
Strength Characteristics.—In Fig. 16*are reproduced the 
tensile strength values of single spot lap welds in 0.068-in. 
thick 18-8 stainless sheets, as reported by Hess and 
Wyant.” From a microscopic study of the welds the 
authors conclude that welds made with low current show 
no well-defined fusion zone and fail by a brittle shearing 
between the sheets; those made with the proper current 
failed by a ductile tearing at the stress concentration 
point. Frost®* reports a strength per lineal inch value 
of 400-530 Ib., which is 1'/, to 2 times that of mild steel. 
Wilkinson® states that spot welds in thin gage stainless 
steel used for aircraft construction will twist at least S80 
before shearing. Also, according to the same author, a 
spot weld in austenitic stainless steel has twice the 
shearing strength of a rivet of like diameter in the same 
steel, its shear value being in the neighborhood of 90,000 
psi. In Fig. 17 are shown the minimum U. S. Air Corps 
Specifications for the shear strength of single spot welds in 
aircraft 18-8, as reported by Cudhea.” In Table 39 is 
reported the minimum single spot shear strengtir as a 


Table 37—Permeability of Stainless Alloy Steel Welds. 
Austin and Miller*' 


1 > 3 
Parent, metal (*/s in.) 18-8t 18-8t 18-12§ 
Welding rod (coated) 18-8 18-12¢ 18-12t 
Type of joint 60° V, butt 60° V, butt 60° V, but: 
Welding current (amp.) 50-60 50-60 50-60 
Arc voltage 28 28 28 
Permeability (unetched) 1.029 1.030 1.006 
Permeability (etched) 1.009 1.020 1.004 
* Bad weld; much oxide. 
+ 0.08 C, 18.15 Cr, 8.70 Ni. 
¢ 0.08 C, 16.47 Cr, 11.32 Ni. 
§ 0.08 C, 17.04 Cr, 12.67 Ni. 
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Table 38—Physical Properties of Resistance-Welded Butt Joints in Free-Machining Stainless Steels. Watkins® 


18-8 
Property Base Metal Butt Weld 
Ultimate strength, psi. 90,000 89,500 
Yield strength, psi., 0.2% set 35,500 38,500 
Elongation, % 60.0 50.0 
Reduction in area, % 70.0 49.0 
Rockwell hardness B-77 B-78 


Cold bend 180° 180° 


*().35 Mo, 0.30 S 
+ 0.30 Se, 0.120 P. 


Table 39—Spot-Weld Strength Data for 18-8 Aircraft Steel. 
tbert* 


Hibe 
Minimum * Design 
Shear Shear 
Strength Strengtht Pressure on 


Thickness, per Spot, per Spot, Electrodest Time in 
In. Lb Lb. Lb. Cycles 
0.005 140 90 100 | 
0.010 280 165 125 
0.015 430 285 150 
0.020 575 380 175 
0.025 720 475 200 Less than 6 
0.030 860 570 295 } 
0.035 1000 665 250 | 
0.040 1140 750 275 | 
0,050 1420 940 325 | 
0.060 1710 1130 375 |} 


* Based on formula ¢ (T.S.)/7 = shear per spot, where ¢ = sheet 
thickness, T.S. = tensile strength. 

+ Two-thirds of minimum shear of single spot values. 

t Pressure may be varied to minus 20% from recommended 
values. 


function of sheet thickness, reported by Hibert.55 Wilk- 
inson®* states that heat treating spot-welded stainless 
steel at relatively low temperatures, about 400° F., 
improves the elastic properties without having an ad- 
verse effect on either the tensile strength or the corro- 
sion resistance. 

Design Considerations——In designing, as in rivet 
practice, it is customary to avoid stressing the spot weld 
intension. Cudhea*’ lists the following precautions to be 
observed in designing: (a) The number of spot welds 
at any point should be increased by 50% of the number 
required as calculated from the design load and the 
minimum strength per spot, to allow of variations in 
welding. (b) When a spot-welded joint is subject to 
reversals of stresses, the number of spots should be fur- 
ther increased by an additional 100%, thereby giving a 
total factor of 1'/. x 2, or 300%, based on design oad. 
(c) Spot welds should be spaced two weld diameters 
apart, although in the light gages (0.006—0.018 in.) the 
spacing can be diminished considerably without serious 
proximity effects. (d) When welding together two 
sheets of different thickness, the shear strength of the 
thinner of the two should be used for design calculations. 
(e) Annealed stainless steel gives weld strengths 40% 
lower than those obtained in fully hardened sheets. 

_ Spot Welding 18-8 to Brass.—The greatest difficulty 
in joining these two materials arises from the large dif- 
lerence in the specific resistance of the two materials, 
causing the maximum resistance to exist not between 
the two interfaces, but in the stainless sheet. From a 
study of the optimum welding conditions, Hensel, 
Larsen and Holt® conclude that with the proper choice 
of electrode design in combination with suitable welding 
conditions it is possible to attach brass to stainless and 


18-8 S-FM* 
Base Metal Butt Weld 


18-8 Se-FMt 
Base Metal Butt Weld 


86,500 81,000 100,000 96,000 
32,750 35,750 33,250 36,500 
55.0 34.5 53.5 40.0 
58.0 33.0 62.5 34.5 
B-80 B-79 B-78 B-78 
180° 180° 180° 180° 


obtain a “‘reasonable”’ strength; the type of weld, how- 
ever, is altogether different from the conventional resist 
ance weld found when similar materials are joined. 
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The Tensile-Impact Resistance of 


Carbon-Molybdenum Welds at 


Elevated Temperatures 


Introduction 


ODERN power plants are being designed for 
operating temperatures of 950° F., 1800 Ib. work- 
ing pressure and possibly higher. This makes 

the specifications, fabrication and rigid testing of power 
plant piping and welded joints a necessity. Of the 
different tests used to determine some characteristics of 
welds, tensile-impacts seem to be the most desirable in 
order to simultaneously test all zones of a welded joint 
in impact. While considerable attention has been and 
still is being given to the effect of elevated temperatures 
on the general properties of metals, little work, if any, has 
been done in the field of tensile-impact testing of welds 
at higher than room temperature. Because a pre- 
knowledge of the exact behavior of welded joints sub- 
jected to elevated temperatures will furnish the possi- 
bility for adequate compensation in the original design, 
it is assumed that this investigation is fully justified and 
timely. 


Apparatus and Method 


The physical testing conducted in this investigation 
was performed on a Tinius-Olsen impact machine, of the 
pendulum type, especially adapted for tensile-impact 
testing. The addition of an especially constructed 
heating attachment, shown in Fig. 2, made high-tempera- 
ture testing possible. 

Tempering salts (m. p., 450° F.; b. p., 1500° F.) were 
used for the purpose of temperature control. In pre- 
paring for a test, enough salts were placed into the steel 
+ Contribution to Fundamental Research Division. 

t Associate Professor of Metallurgical Engineering, Polytechnic Institute of 
Brooklyn. Abstracted from a thesis for the degree of Master of Mech. Eng., 


-by Marcel A. Cordovi, June 1942 : 
} Graduate Fellow, Polytechnic Institute of Brooklyn. 
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Fig. 1—Tensile-Impact Specimen 


By O. H. Henry‘ and M. A. Cordovi' 
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Fig. 2—Heating Arrangement 


tank so that when the salts reached their melting point 
they covered the jig and specimen. The jig (see Fig. 3 
which is attached to two thin metal strips, the other end 
of which turns about a pivot on the base of the testing 
machine, was heated with the specimen attached. In 
this way it was possible to quickly transfer the specimen 
from the heating medium to the machine, without appre- 
ciable change in temperature. Because of the short 
interval of time (2-3 sec.) elapsing in transferring the 
specimen, the temperature at the instant of the impact 
yas within 5° above or below the temperature recorded. 


Temperature Measurement 


Two Chromel-Constantan thermocouples were used 
for the temperature measurement. They were placed 
adjacent to the specimen and at the other end of the salt 
bath, respectively. A Thwing millivoltmeter, of 1000 
ohms internal resistance, was used to measure the poten 
tial across the thermocouple leads. No tests were made 


until the two thermocouples gave readings substantially 
alike. 
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Fig. 3—Gas Furnace with Specimen, Jig and Cross-Arm 
Immersed in Heating Bath 


Materials Tested 


The tests made in conjunction with this investigation 
were performed in three series: carbon-molybdenum 
base metal,* chromium-molybdenum base metal,* and 
carbon-molybdenum welds. The specimens were taken 
rg a section of chromium-molybdenum (2'/,% Cr, 

¢ Mo and 0.15 C) tubing welded to a carbon-molyb- 
Peon (Mo 1% and C 0.15) tubing, using a shielded arc 


bd Tested at room temperature only. 


Table 1—Results of Tensile-Impact Tests of Stew 
Molybdenum Welds at Elevated Temperatures 

C-1-Cr C-3-Cr C-5-Cr C-7-Cr C-9-Cr 

C-2-Cr C-4-Cr C-6-Cr C-8-Cr C-10-Cr 


Specimen No. 


C-11-Cr C-12-Cr 
Test Temp., °F. 80 550 780 900 1000 
8O 550 780 900 1000 
550 \ 900 
Diam. of test sec- 0.201 0.200 0.201 0.200 0.200 
tion, in. 0.200 0.199 0.200 0.201 0.199 
0.200 0.200 
Area of test section, 0.03171 0.03140 0.03171 0.03140 0.03140 
sq. in. 0.03140 0.030388 0.03140 0.03171 0.03038 
0.03140 0.03140 
Impact scale read- 55.8 48.4 27.4 28.5 28.2 
ing, ft.-Ib. 55.3 47.5 24.8 24.2 24.1 
43.6 23.9 


Elongation in 0.80 0.278 0.260 
in. 0.268 0.221 


0.199 0,229 0. 226 
0.220 0.201 0.260 


Reduced diam.,in. 0.121 0.119 0.118 0.115 0.109 
0.115 0.119 0.125 0.121 0.117 
* 


> 
Reduced area, sq.in. 0.0115 0.0112 0.0111 0.0097 0.0094 
0.0104 0.0112 0.0124 0.0117 0.0109 
Impact, actual value, 69.8 61.6 33.7 35.6 35.2 
ft.-Ib. 69.2 59.4 30.8 30.2 29.8 
53.3 28.8 
Per cent elongation 34.8 32.52 24.95 28.64 28.25 
in 0.80 in. 33.5 27.60 27.52 25.12 32.56 
* * 
Per cent reduction 63.6 64.3 64.9 69.1 70.1 
of area 66.8 62.8 60.6 63.2 64.2 
* 


* Broke near neck; 
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Fig. 4—Size and Composition of Tubes from Which Tensile- 
Impact Specimens Were Produced 


carbon-molybdenum (Mo 1%, C 0.15 electrode). The 
tensile-impact specimens were produced from two tubes 
of size and composition as shown in Fig. 4. The tubes 
were preheated to 400° F. before welding and a carbon- 
steel chill ring was used at the bottom of each weld. 
The welding was carried out with a carbon-molybdenum 
electrode. Two passes from '/s-in. wire were deposited 
at the bottom of the groove at 75 amp. and 30 v. The 
remainder of the weld was made with °/y-in. wire at 125 
amp. and 40 v. The tube assembly was rotated during 


“Fig. 5—Photograph of the Macrostructure of Specimen M- l. 
Etchant: 50% HCl; 50% water. Temperature: 170° F. 
Time: 1 Hr. 
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Fig. 6—Results of Hardness Survey 


C-Mo Base Metal at Room Temperature 


Specimen no. 

Test temp., °F. 

Diam. of test section, in. 
Area of test section, sq. in. 
Impact scale reading, ft.-lb 
Elongation in 0.80 in. 
Reduced diam., in. 
Reduced area, sq. in. 
Impact actual value, ft.-lb. 


Percent elongation in (0.80 in. 


Per cent reduction in area 


Table 2-—-Results of Tensile-Impact Tests of Cr-Mo and 


Cr-Mo C-Mo 
80 80 
0.200 0.200 
0.0814 0.0314 
69.1 13.6 
0.249 0.261 
0.119 0.125 
0.0112 0.0124 
87.7 54.3 
31.12 32.62 
64.3 60.5 


Table 3—Results of S 


Molybdenum Welds at Room Temperature 


Specimen no. 
Test temp., °F 
Diam. of test section, in. 


Area of test section, sq. in. 


Tensile strength, psi. 
Elongation in 0.80 in. 
Reduced diam., in. 

Reduced area, sq. in. 


Per cent elongation in 0.80 in. 


Per cent reduction in area 


Fig. 8—Fracture of Specimen C-l-Cr (at 80° F.). 


Cr-13-Mo 

0.200 
0.0314 
73,570 
0.2312 
0.115 
0.01345 

28.7 

$7.1 


Magnification: X 100 
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Fig. 7—Results of Physical Tests of Welds og > | Chromium- 
Molybdenum and Carbon-Molybdenum Tubing 


welding. Heat treatment consisted of heating to 1525° 
F., holding the temperature for 2 hr., followed by furnace 
cooling. 


Non-Destructive Tests 
Prior to the destructive tests, a series of non-destruc- 
tive tests was conducted on the weld and adjacent areas. 
(a) Macroscopic Examination.—Study of the photo- 
graph, Fig. 5, clearly shows the exact position in which 
the beads were laid. The heat-affected zone is well 


Fig. 9—Fracture of Specimen C-12-Cr (at 1000° F.). 
Magnification: X 100 
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Fig. 10—Weld Junction of Specimen C-1-Cr 


Fig. 11—Weld Junction of Specimen C-12-Cr 


defined and the structure of nearly parallel bands running 
in the direction of working, in both base metals, is clearly 
revealed. 


(b) Microscopic Examination.—The same etching solu- 


Fig. immmemmees Base Metal. Magnification: 


tion and method were followed with all the specimens 
examined in connection with this investigation. The 
etching solution used consisted of 50°, hydrochloric acid, 
40% nitric acid and 10% picric acid. 

(c) Rockwell Survey.—The results of the Rockwell ‘‘B’’ 
scale (converted from Rockwell ‘30 T"’ scale) are given in 
Fig. 6. The survey showed that the hardest portion of 
the weld material is along the junction with the Cr-Mo 
base metal. Just adjacent to the heat-affected zone 
which is rather ‘‘soft,’’ the metal is comparatively hard. 
The hardness decreases slightly toward the extremities of 
the specimen. On the whole, the hardness readings for 
the Cr-Mo base metal are slightly higher than the ones 
for the C-Mo metal. 


Results of Tests 


The experimental results and calculated data obtained 
from the tensile impact tests on the welded specimens are 
givenin Table 1. The results are plotted in Fig.7. The 
tensile impact resistance of the Cr-Mo and C-Mo base 
metals is given in Table 2. Table 3 gives the static 
tensile results obtained with the welded specimens 
Photomicrographs of the fractures and of the welded 
junctions of specimens tested at room temperature and 
1000° F., respectively, are shown in Figs. 8 and 9. 


Discussion of Results 


Usually the effect of temperature rise up to 1000° F. is 
to reduce the tensile strength, proportional limit and the 
elastic modulus and to increase ductility and the tendency 
to creep in the steel. By referring to Fig. 7, it can be 
seen that the tensile impact strength is highest at room 
temperature, then falls off a negligible amount until it has 
almost passed the “‘blue heat’’ range and reaches its low- 
est value at 950° F. The elongation dropped to about 
55% of its original value in the vicinity of 700 to 750° F. 
and then started to climb up. At 1000° F. the elonga 
tion was only 3% smaller than that at room temperature. 
The drop in strength was approximately 40°% at 1000” F. 

A similar result was obtained in plotting the per cent 
reduction in area. A reversal in the latter occurred in 
the vicinity of 700° F.; the variations, however, ex 
tended over a range of only about 12°). This seems to 
indicate that the elongation, which is a measure of the 
total deformation, is much more affected by the increase 
in temperature than is the reduction of area which ts 
more a measure of local deformation. These results also 
show that while the strength of the material decreased 
appreciably with an increase in temperature up to S00 
850° F., the material regained some of its strength and 
even picked up some of its original ductility after it 


Fig. 13—Carbon-Molybdenum Base Metal. Magnification: 
X 100 
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Fig. 14—Chromium-Molybdenum and Weld. Fig. 
Magnification: X 100 


passed this temperature range. It could be inferred, 
therefore, that 850 to 900° F. is the “‘critical tempera- 
ture’ for this material. 

The photomicrographs, Figs. 8 and 9, show the longi- 
tudinal sections of specimens C-1-Cr and C-12-Cr which 
were ruptured at room temperature and at 1000° F., 
respectively. They show the structure at and adjacent 
to the point of rupture. In comparing these two photo- 
micrographs, it will be noticed that the grains are less 
drawn out in the direction of loading at 1000° F. than at 


15—-Carbon-Molybdenum 
Magnification: X 100 


Weld. Fig. 16—Carbon-Molybdenum and Weld. 


Magnification: X 100 


80° F. This could be explained by the partial recrystal- 
lization occurring at thishighertemperature. Figures 1() 
and 11 show the weld junction of the above specimens. 

It is interesting to note that the elongation and the per 
cent reduction in area at room temperature in the impact 
tests are larger than in the static tests. This also sup- 
ports the results of other investigators and is advanced 
as a reason for the larger energy values obtained when a 
material is ruptured in dynamic rather than in a static 
test. 
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Progress Report on the Use 
Welding as a Means of Fabricating Air- 
craft Structural Parts from X-4130 Steel 


of Flash 


By R. P. Della-Vedowat 


HE work reported in this paper was carried on for 

the purpose of establishing the butt flash welding 

of X-4130 steel as a production process for the 
joining of structural assemblies for aircraft. 

Welding machine settings were established for various 
sizes of X-4130 steel tubing throughout the range of the 
100 kva. machine in the Lockheed laboratory. The 
weld quality and consistency produced by these settings 
were checked by physical testing. These data are pre- 
sented as curves, so that any cross-sectional area, wall 
thickness or diameter of tubing (within the capacity of 
the machine) can be welded by referring to these curves 
for the proper settings. 

It is concluded that butt flash welding is a satisfactory 
production process for the joining of X-4150 steel in 
structural assemblies for aircraft. 


Object 


To study the feasibility of the butt flash welding 
process (i.e., the assembly of parts by butting them 
together, heating them by means of an electric current, 
followed by a quick upset under heavy forging pressure) 
as a production means, for the fabrication of X-4130 steel 
in aircraft structural assemblies. 


Conclusions 


From the results obtained, butt flash welding is 
deemed a satisfactory and desirable production process 
for welding X-4130 steel in aircraft structural assemblies 
because it offers the following advantages: 


1. Good consistency. 

2. Weld strength equal to that of the tube itself (in 
tension). 

4. Cost economy. 

4. Weight economy. 

5. Close tolerances and elimination of warping. 

6. Possibility of ‘‘finish machining’ parts prior to 
welding. 

7. Since the process is semi-automatic, less-skilled 
operators are required. 


Introduction 


A. Description of Process 


Flash welding is a method of joining metal parts by 
means of the heat generated due to the passage of current 


* A contribution to the Welding Research Committee. 
t Research Engineer, Lockheed Aircraft Corp. 


Fig. l1—Flash Welder in Operation 


in the form of a series of small arcs across a short gap 
between the surfaces to be welded. 

The parts to be welded are held in dies and butted 
together in the welding machine. Current is passed 
through the parts between the electrodes (dies) and the 
flashing cycle begins. During the flashing operation the 
parts are brought together at a rate equal to the loss due 
to the “burn off’ during flashing. The flashing opera- 
tion brings the ends of the parts up to a temperature 
(in a predetermined time) sufficient to cause a thin film 
of molten metal to exist at the point of flashing. This 
film is backed up for a very short distance by metal in the 
plastic state. When this condition is reached, the force 
exerted on the parts is suddenly increased, thus forging 
the ends together. This forging pressure causes the 
molten film to be exuded and the plastic metal is forged 
together in a weld. Figure 1 shows a flash welder in 
operation. 

Flash welding is unlike are or torch welding in that the 
weld is composed of metal from the parts themselves, 
rather than from the foreign material added in the weld 
bead, and thereby results in a forged, rather than a cast 
structure. Figures 2 and 3 are macrophotographs of 
sections through typical flash welds. 


B.. History of Development 


The butt flash welding process has been in fairly com- 
mon use in the automotive and other industries. In the 
aircraft industry, however, its use to date has been some- 
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Fig. 2 
Macrophotographs of Sections Through Typical Flash Welds 


what retarded by the difficulties inherent in applying it 
to the chromium-molybdenum (X-4130) steel used so 
extensively in aircraft structures. This steel has a pro- 
nounced tendency to air-harden and so becomes brittle 
in the region affected by the weld heat, unless special 
care is taken to prevent this effect. To date, no satis- 
factory process specifications, design information, or test 
and inspection procedures have been available. 

The test and development program described in the 
present report was undertaken at Lockheed in recog- 
nition of the possibilities inherent in the process and in 
response to numerous requests from design and shop 
groups for specific information on strength, consistency, 
machine settings, equipment characteristics, etc. 


C. Preliminary Investigation 


The results of a preliminary investigation indicated 
very clearly that if flash welds in X-4130 steel are not 
made under reasonably good control, with proper setups 
checked by physical testing, the results will not be suffi- 
ciently consistent for structural applications. 

This test program is not so much concerned with basic 
research on the flash welding process, as with the specific 
study of flash welds made in X-4130 steel—mostly in 
tubular sections. 


Procedure and Results 


Preliminary welder settings were made for various 
sizes of tubing, and the welds were check tested. These 
settings were made by the trial and error method, since 
no basic data were available. 

First, an initial setting was made on a specific size 
of tubing, then variables were adjusted to produce what 
appeared to be a satisfactory weld. Several welds were 
then made, and for each size, certain settings in the 
immediate range were changed. After these welds were 
tested, four or five more specimens were made at the 
setting which gave the best result. If these check speci- 
mens proved to be good, a consistency run of 25 welds 
was made to establish the weld quality obtainable. In 
all cases, the flash was ground off on the outside of the 
tubing to within '/s in. of the tubing surface, but left 
intact on the inside. The welds for these consistency 
runs were tested in the “as-welded’”’ condition with no 
heat treatment after welding. 

These check tests were made for combinations of 
diameters and wall thicknesses falling within the range 
of the machine. 

An investigation was made of the effect of normalizing 
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Fig. 3 


after welding. Tests were made of local normalizing 
of the weld area using an induction machine; also gen- 
eral normalizing of the welded assembly using the stand- 
ard heat-treating equipment. Static tension and tensile 
impact tests have shown that welds normalized after 
welding do not develop higher strength characteristics 
than welds made in normalized tubing and tested in the 
“as-welded”’ condition. 

Preliminary curves (Figs. 4, 5 and 6) have been 
plotted to show the machine settings as functions of 
wall thickness and/or total cross-sectional area. With 
the establishment of such data, any combination of 
tubing dimensions within the range of the machine may 
be satisfactorily welded. 

Die openings and burn-off of parts (flash plus upset) 
in inches, as well as the flashing time, were determined 
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Fig. 4.—Flashing time vs. Tubing Wall Thickness 
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to be functions of the tubing wall thickness. The upset 
and clamping pressures, and the current (determined by 
transformer tap setting and heat control setting), are 
functions of the cross-sectional area of the tubing (see 
Fig. 8 (A) for description of terms). Therefore, any 
combinations of wall thickness and tubing diameter 
having equal areas require the same transformer tap 
setting. Likewise, regardless of area or outside diameter, 
tubes having equal wall thickness require the same die 
openings, burn-off and flashing time. 

In establishing settings for this machine, it is desirable 
to maintain a consistent increase in the value of each 
variable as the wall thickness and area of the tubing to 
be welded are increased. However, there are probably 
several sets of settings that could be made on any such 
machine to weld satisfactorily one specific size of tubing; 
and advantage may be taken of this fact in developing a 
comprehensive set of curves to fit allcases. For example, 
three check points may be determined to establish a 
tentative curve showing the relation of tubing area to 
the transformer tap setting; but exact adherence to 
these settings may not be essential if other variables are 
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Fig. 5—Machine Setting vs. Tubing Wall Thickness 


adjusted accordingly. Hence, a new tubing size may be 
chosen and the tentative curve then used to determine 
the transformer tap setting. Upon testing, it may be 
found that the weld is not strong enough, but that by 
increasing the current a stronger weld may be made. 
This new setting would not be compatible with the 
tentative curve; but the latter may be changed some- 
what by properly balancing the tap setting for the pre- 
vious points with compensating variations in the related 
mechanical settings. The latter in this case would be 
the flashing time and the time interval between current 
cut-off and start of the upset. By a painstaking appli- 
cation of this process it has been found possible to obtain 
a set of curves of broad applicability. 

The relation of the time of current cut-off to the time 
of upsetting (forging) was found to be extremely im- 
portant. Since this relation cannot be found (to any 
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Fig. 6—Transformer Tap Setting vs. Jubing Area 


degree of accuracy) by visual observation while the set- 
tings are being adjusted, an oscillograph was connected 
to the flash welder (see Fig. 7). Traces of current, volt- 
age, cylinder pressure and platen movement were re- 
corded for various welder settings (see Fig. 8 (B)). 

From these oscillograms a family of curves (Fig. 9) 
was plotted showing the cycles time interval between cur- 
rent cut-off and start of the upset (forging action) versus 
the current cut-off setting, for various flashing times. 
Figure 9 was plotted for a fixed upset valve setting of 3, 
which was used throughout the tests. Should this valve 
setting be altered from position 3, the curves would be 
shifted by a corresponding amount. 

The calibration curves given in Fig. 9 can be used in 
setting the machine for any desired time interval between 
current cut-off and upset; and the proper values to use 
for this time interval have been found to be a function 


Fig. 7—Recording Oscillograph Attached to Flash Welder 
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of tubing cross-sectional area, as shown in Fig. 10. The 
procedure is to fix the time interval by Fig. 10, select 
the proper flashing time from Fig. 4 (as a function of 
wall thickness) and then use Fig. 9 to determine the 
corresponding current cut-off setting. For example, if 
it is desired to weld 0.065 in. x l'/s in. O.D. tubing 
(area of which is 0.295 sq. in.), reference to Fig. 10 
shows that the current cut-off should occur 8! 's cycles 
after upset. From Fig. 4, the flashing time for tubing 
of 0.065 in. wall thickness should be 3*/, seconds. Then 
from Fig. 9, for this flashing time of 3*/, seconds, and 


for cut-off to occur 8'/s cycles after upset, the current 
cut-off adjustment should be set at 3'/2 (for an upset 
valve setting of 3). 

It was found desirable to bevel or chamfer the end of 
one of the tubes at the point of joining before welding. 
This encourages a more consistent flashing condition and 
eliminates any possibility of faulty welds due to a burn- 
ing condition if the initial flash is too abrupt. 

It was also determined that it is extremely important 
that the dies be in perfect alignment. This ensures a 


uniform heating around the tubing wall at the section of 
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Fig. 8B—Typical Oscillogram Showing Current, Voltage and Die Travel 
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Fig. 9—Time Interval Between Current Cut-off and Start of Upset 
vs. Current Cut-off Settings 


joing and prevents a ‘“‘crawling”’ of one tube wall over 
the other. This, of course, becomes more and more 
important as the wall thickness is decreased. The dies 
should also fit the tubing very closely and the gap 
between the mating die halves should be held to a mini- 
mum. 

Having made optimum adjustments as described in 
the foregoing paragraphs, a series of consistency tests 
was run, the results of which are summarized in Table 1. 


Discussion of Results 


A. Value of Curves 


It is felt that the curves of machine settings, etc., as 
developed, are valid, since welds on various sizes of 
tubing, using the data from the curves, have exhibited 
satisfactory physical characteristics. It is also noted 
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Fig. 10—Time Interval vs. Tubing Area 


that definite trends have been established which will 
give the machine operator an understanding of the rela- 
tion of the settings necessary to weld any size tubing, 
and also assist him in becoming familjar with its opera- 
tion as well as its possibilities and limitations. This is 
very important, as the degree of confidence and under- 
standing an operator has in the machine will be reflected 
in the quality of his work. 

Such a correlation of points is also a definite aid to the 
designer, since it will enable him to find how long a 
tubing, or end fitting, must be made in order to allow 
for the burn-off that takes place during welding. This 
set of curves will also satisfy all tube size combinations 
(within the range of the machine) of any design require- 
ment. 

If random machine settings were made without regard 
to correlation between tube sizes, both the designer and 
the operator would be at a loss to predict the conditions 
which would result for a new tubing size. 

Although it has been observed that most of the ma- 
chine variables are confined to a rather narrow range for 
any specific tubing size for a group of related settings, it 


Table 1—Consistency Tests on Flash Welded X-4130 Tubing 


Welded in the “‘as-received’’ normalized condition using 100 kva. Type B-7-30° Hydraulically operated 


Flash Welder—tTested in ‘ 


‘as-welded”’ condition. * 


Ultimate Tensile Strength, No. of Lowest Lowest 
Specimens Unit Stress at Failure, Psi. Weld Weld Failure, Tube Failure, 

Tube Size, "n Tested Average Maximum Minimum Failure Psi.t Psi.t 
0.0385x 5 115,000 127,900 96,300 None 96,300 
0.085x ! 25 127,900 134,000 122.600 l 126,000 122.600 
0.049 x 1 25 113,900 117,000 109,500 2 110,400 109,500 
0.049 x 1'/. 25 120,000 123,000 118,000 2 118,500 118,000 
0.065 x 1'/, 25 111,000 120,000 105,000 None 105,000 
0.065 x 1'/, 25 109,500 111,000 104,000 3 104,000 109,000 
0.083 x 13/s 25 116,000 136,000 101,000 6 101,000 111,000 
0.083 x 2!/; 25 113,000 121,000 99,500 10 99,500 109,000 
0.156x 3/, 25 110,900 112,700 110,000 None 110,000 


+t Minimum guaranteed ultimate tensile strength for normalized 


* Outside flash ground off to within '/¢ in. of surface, inside flash intact 


X-4130 tubing is 95,000 psi 
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Fig. 1l—Comparison of Arc Welded to Flash Welded Parts 


Approximate Weight Comparison of Arc-Welded 
to Flash-Welded Parts 


~ 


A B Exp. Control Rods 

(Torch Welded) 
Arc welded 2.5 Ib. 1.6 Ib. 0.49 Ib. 
Flash welded 2.1 Ib. 1.5 lb. 0.45 Ib. 


is recognized that they are not critical enough to present 
any serious problem for production. 


B. Weld vs. Tubing Failure 


At the outset of this test program, it was supposed 
that if welds were really good they could be made t, 
give consistent failures in the tubing, with no failures jp 
the weld itself. It was assumed that if welds were of 
good quality, failures would always occur in the tubing. 
if welds were of poor quality the weld itself would {ajj. 
and at load values far below the strength of the tubing. 
However, while welds made under unfavorable cond). 
tions are weak and always fail at low load values in the 
weld itself, it has been determined that welds made with 
the proper machine settings and control will withstand 
loads up to the ultimate strength of the tubing, and at 
this point failure may occur either in the tubing or in 
the weld. One reason for tubing failures (see Table | 
is that the cross-sectional area at the weld is greater 
than the cross-sectional area in the tubing, causing a 
higher unit stress in the tubing. As previously men- 
tioned, the flash is left intact in the inside of the tubing, 
and ground off to within '/¢ in. of the tubing surface on 
the outside. Under such conditions, a weld failure does 
not mean that the weld was of poor quality, as may be 
seen in Table 1. There are cases noted of the lowes/ 
weld failure occurring at a higher value than the lowes; 
tubing failure. In cases where the lowest failure occurs 
in the weld, the lowest tubing failure is very little above 
the failing load of the weld. As shown in Table 1, all 
failures, whether in tube or we'd, were well above the 
minimum guaranteed ultimate tensile strength of the 
tubing. 


SPOT WELDING OF ALUMINUM ALLOYS 
IN AIRCRAFT 


The AMERICAN WELDING Society has 
recently approved and published a com- 
mittee report on the above subject, en- 
titled ‘“‘Emergency Standards and Recom- 
mended Practices and Procedures for Spot 
Welding Aluminum Alloys.” This report 
is the result of nine months of concen- 
trated work by the Committee and repre- 
sents tentative recommendations for 
standards of weld quality and performance 


as well as general recommendations of the 
best practices and procedures to be fol- 
lowed in spot welding of aluminum alloys 
in the aircraft industry. It also contains 
a general discussion of the theory of spot 
welding, particularly as applied to alumi- 
num in the aircraft industry. The sub- 
jects covered include standards of weld 
quality, surface preparation for spot weld- 
ing, welding technique, methods of test- 
ing, methods of inspection, design of spot- 
welded parts, welding equipment and in- 
stallation, as well as a short dissertation on 


personnel requirements and production 
methods. The report was prepared by a 
committee composed primarily of welding 
engineers of various aircraft companies 
and is an attempt to provide a practical 
guide and a reference book to any one 
engaged in spot welding of aluminum 
alloys. 

This report was published by the AMgr- 
ICAN WELDING Society, 33 West 39th 
St., New York, N. Y., in the form of a 
heavy paper covered pamphlet, 8'/, x 11 
in., 48 pages, illustrated, price $1.00. 


Supplement. 


New York, N.Y. 


PHYSICS OF THE WELDING ARC AND METAL TRANSFER 


A comprehensive survey of the world’s welding literature on the above subject has been 


made by W. Spraragen, Executive Secretary and Dr. Bela A. Lengyel, Research Assistant of 
the Welding Research Committee. 


This report is now available in mimeograph form. The 
Committee is anxious to secure the critical comments and suggestions of all those interested 
in the subject so that the review may be modified and improved. 
will then issue the report in printed form in a forthcoming issue of the Welding Research 
Copies of the report may be obtained as long as they last, free of charge, by 
those interested by addressing a letter to the Welding Research Committee, 29 West 39th St. 


The Literature Division 
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The Effects of Residual Stress and Exter- 
nal Restraint on Some Welding Charac- 


teristics of SAE X-4130 Steel Tubing 


By G. Sachs‘ and W. E. Davis’ 


Introduction 


RITTLE fractures have been observed more fre- 

quently in welded steel structures than in those 

fabricated by other methods. This fact has been 
attributed generally to the unfavorable combination of 
structural, metallurgical and stress-strain conditions 
during and after welding. 

Regarding the stress-strain conditions, attention has 
been concentrated particularly on the state of residual 
stress present in the vicinity of the welded bead after 
welding.! On the contrary, little fundamental knowledge 
is available regarding the states of both stress and strain 
while the metal in the bead solidifies and cools down to 
room temperature. While the latter problem is much 
more involved than the former, it is recognized that the 
brittle fractures develop more frequently during welding 
than in service and that the service failures may be 
initiated frequently by invisible fractures or cracks which 
were propagated during the welding operation. 

One of the factors, which is regarded as having con- 
siderable influence on the success or failure of welding, 
is the restraining effect of the construction, assembly or 
fixtures on the metal being welded. Such a restraint is 
usually considered as unfavorable. This is illustrated by 
the generally recognized higher cracking tendency of two 
plates being welded together while rigidly held in fix- 
tures than of two plates being welded together while 
being free to move. 

On the other hand, it is also known that some types of 
restraint as exerted by special fixtures will facilitate the 
welding. 

There are fundamentally three sources of stress and 
strain, the superposition of which results in the condition 
which might be called the state of restraint in welding. 
First, the welding process itself creates high temperature 
differences and consequently long range plastic and elas- 
tic reactions in the structure to be welded. Second, 
residual stresses may have been retained from the 
processing of the metal and from the assembly of the 
structure prior to welding. Third, the welding fixtures 
will introduce additional stress at the start of and during 
the welding procedure. 

Fundamentally, the welding procedure is a duplex 
operation. The deposited bead assembles two previously 
loose parts of the structure into a rigid unity. As this 
unity is attained at high temperatures, the cooling process 
first introduces considerable plastic movements and sub- 
sequently high residual stress in the bead and its vicinity. 

* Contribution to Fundamental Research Division, Welding Research 
Committee. Abstract from a thesis presented to the Case School of Applied 
Science by W. E. Davis in partial fulfillment of the requirements for the M.S 
Degree. Sponsored by the Ohio Seamless Tube Company, Shelby, Ohio. 


t Case School of Applied Science, Cleveland, Ohio. 
+ Cleveland Transit System, Cleveland, Ohio. 


However, the heat of the deposited bead will simul- 
taneously affect some parts of the structure which con- 
tain high stress prior to welding. This action is basically 
a stress relief operation, similar to that created by cutting 
partially through the section affected. It may result in a 
bending, pulling apart and/or pushing together of the 
metal in this section, and consequently in a certain 
change of the state of restraint throughout the structure. 

The combination of these two reactions determines the 
state of residual stress after welding, both in the zone 
directly affected by the welding and in the more distant 
parts of the structure. 

Finally, superimposed to this welding stress, additional 
residual stress is created by the removal of fixtures and by 
finishing operations, such as machining, which produce a 
similar effect. 

Considering the large variety of thdividual effects, 
which furthermore may vary from point to point during 
welding, it is not surprising that the knowledge of the 
stresses present during and after welding a structure is 
rather inadequate, in spite of the large number of re- 
spective investigations.' 

Few attempts have been made to analyze experiment- 
ally these relations and to isolate the effects of some of 
these factors. The paper presented by the authors con- 
stitutes a contribution to this problem. 

Thin-walled tubing has been selected as a structure 
which is of a simple, symmetrical type and consequently 
subject to comparatively simple methods of stress 
analysis. A bead was deposited lengthwise on short 
specimens of such tubing. A number of arbitrary factors 
were varied, representing different types of restraint. 

The determined effects are of two types: 

1. The vicinity of the welded bead was observed for 
the occurrence of fractures and other failures. 

2. The residual stress present in the major part of 
the tubing was evaluated from distortion resulting from 
lengthwise splitting the welded specimens.’ (No at- 
tempt was made to analyze the weld stress proper in 
the welded bead and its immediate vicinity.’ *) 


Material and Procedure 


Material 


SAE X-4130 steel tubing, which is the most commonly 
used for aircraft tubing, was selected for this investiga- 
tion. The gage was 1*/, in. outside diameter, 0.083 in. 
wall thickness. Three different lots from various sources, 
designated A, B and C, were available, in lengths of 15 to 
20 ft. The processing conditions of the different lots were 
unknown. 

The chemical composition of all three lots was well 
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within the values of the ‘Navy Aeronautical Specifica- 
tion No. 44 T18C, issue January 1, 1939” (0.25-0.35% 
C, 0.40-0.60% Mn, 0.040% max. P, 0.045% max. §S, 
0.80-1.10% Cr, 0.15-0.25% Mo). 

Yield strength, ultimate strength and elongation were 
well above the values required for this specification 
(85,000 psi. yield strength, 105,000 psi. ultimate strength, 
12% elongation). The individual values varied for each 
lot within considerable limits. The only significant 
difference between the three lots was the higher yield 
strength of lot A than that of the lots B and C. 

The microstructure of the three lots is rather different, 
Figs. 1 to 3. Lot A showed a fiber structure, indicative 
of a manufacturing process which terminates in cold 
working and a process anneal. Lot B possessed a fine- 
grained, rather indefinite structure, indicative of a rather 
fast cooling after final normalizing. Lot C had an equi- 
axial ferritic-pearlitic structure which is also explainable 
by final normalizing but slower cooling than in the case of 
lot B. These peculiarities and differences in structure ap- 
parently result from the fact that SAE X-4130 tubing 
requires some special heat treating in order to develop 
sufficiently high yield strength and ultimate strength in 
order to comply with the specifications. 

All three lots possessed a decarburized surface layer. 

One of the principal reasons for the selection of the 
three lots of tubing for this investigation was their 
pronounced difference regarding residual stress retained 
from their processing. Lot A was practically stress-free, 
while lot B contained very high, and C somewhat lower, 
residual stress. The state of stress had been previously 
analyzed*® and was characterized by the presence of high 
tensile stress at the outer surface. The magnitude of the 
stress was evaluated by lengthwise splitting of speci- 
mens, which resulted in opening, the extent of opening 
being a measure for the average circumferential stress in 
the tubing (see later). 


Welding Procedure 


Specimens two inches long were cut from the tubing, 
using a power saw with water cooling, and burrs care- 
fully removed. 

A single bead was deposited longitudinally on these 
specimens by arc welding. Extreme caution was exer- 
cised to secure constant current values.* The are was 
struck approximately one-quarter inch from the edge 
of the tubing and carried first backward to the edge. 
This method is recognized as necessary to secure ade- 
quate penetration at the beginning of the bead. The 
are was then carried forward until the crater reached the 
edge of the specimen. The direction of travel was then 
reversed and the are broken after filling the crater about 
one-quarter to three-eighths inch back of the edge of the 
specimen. 

During welding, the specimen was held lengthwise in a 
vise at an element opposite to the deposited bead. The 
pressure was kept as low as possible. The tubing was 
kept for at least one hour before welding in the shop, 
the temperature of which was 60 to 70° F. 

A constant potential, variable amperage, direct current 
welding machine was used. It is recognized that the re- 
cent improvements in welding machines for use in weld- 
ing aircraft tubing are aiding materially in increasing the 
quality of welds on aircraft. However, the use of such 
a machine, with the so-called hot start and crater elimi- 
nator, would have partially obliterated the very diffi- 
culties that it was desired to study. 


* We are indebted to Mr. W. F. Aid, Superintendent of Way and Structures, 
Cleveland Railway Company, Cleveland, Ohio, for his cooperation in permit- 
ting the welding of specimens in his welding shop. We are also indebted to 
Mr. A. Maruna, Welding Foreman, Cleveland Railway Company, for the 
welding of many spceimens. 
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Figs. 1 to 3—Microstructures of Various Lots of SAE X-413 
Tubing (100 X) 


The open circuit voltage was maintained at a constant 
value of 76 volts. The welding current was maintained at 
60 amp. for all welds except for the series in which the 
effect of increasing the amperage was studied. Large 
meters, accurately calibrated, were used to obtain current 
values. 


Determination of Residual Stress 


The common method of stress determination in thin- 
walled tubing consists of splitting (and slitting) speci- 
mens, and measuring the resulting deflections.* This 
method indicates only the relieved bending moment and 
is, therefore, restricted to stress distributions of a non- 
symmetrical or ‘“‘unbalanced’’ nature, which develop a 
considerable bending moment in the section. 

In determining the circumferential stress, the main 
operation consists of measuring the change of diameter, 
indicated by the opening or closing of the specimen after 
splitting with a hack saw. The hack saw produces a cut 
about !/ in. wide, and in some cases of excessive de- 
crease in diameter a narrow strip has to be removed to 
permit the total change. The change of circumference is 
directly determined by means of a measuring microscope 
as the change in distance between gage points, marked as 
intersections of two longitudinal and two circumferential 
scratches, '/, and 1 in. apart, respectively. 

The following formula is used for calculating the sur- 
face stress )?: 


E AD 
= = 1 
where 
E = Modulus of elasticity = 30,000,000 psi. for 
steel. 
v = Poisson’s ratio = 0.28 for steel. 
d = Wall thickness = 0.083 in. 
AD = Difference between diameter after and before 
splitting. 
D» = The mean diameter of the tubing, as an average 


before and after splitting. 


However, the stress state present in welded tubing is 
not uniform along the circumference but varies with the 
distance from the welded bead. Therefore, the change in 
circumference on splitting was here used as a measure o! 
the stress in welded tubing, rather than calculate a 
“surface stress’’ which has no physical meaning. 
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Fig. 4—Effect of Welding Conditions on Residual Processing 
Stress in SAE X-4130 Tubing 


The Effect of Residual Stress in Unwelded Tubing 


Residual stress, if present in commercial SAE X-4130 
tubing, is mainly of the circumferential type and is char- 
acterized by two features, (a) a tensile stress at the outer 
surface, and (6) a non-symmetrical distribution over the 
wall thickness.*, Consequently, if the metal is being cut 
longitudinally from the outside, the tensile stress tends to 
pull the surface fibers apart in the circumferential direc- 
tion, and the bending moment tends to produce an in- 
crease in diameter or widening of the cut. If the tubing 
is split, this opening of the cut is used as a measure 
for the magnitude of the residual stress. The cutting 
procedure results in a successive stress relief which 
suddenly reaches a maximum at the instant that the cut 
is completed, 


Effect of Welding on Residual Stress 


It might be expected that the welding of a structure 
containing residual (or “‘internal’’) stress causes a certain 
stress relief. This stress relief could be brought about in 
two different manners. The one type of stress relief 


Fig. 5—Typical Cracks Occasionally Occurring in SAE X-4130 
Tubing When Depositing Bead by Arc Welding 


(Approx. full size) 


1942 RESIDUAL STRESS IN X-4130 STEEL TUBING 


should be the same as that caused by cutting but this 
being restricted locally and existing only temporarily. 
The other type of stress relief is caused by the heating, 
and is restricted to a certain portion of the tubing on 
either side of the bead. If the stress relief is of the first 
type, the tubing should increase in diameter during weld- 
ing, while no substantial dimensional changes are ex- 
pected from a stress relief anneal. Rather, a slight de- 
crease in diameter and some distortion should occur on 
cooling because of the contraction of the metal in the 
weld bead. 

In order to test the validity of these conceptions, 
specimens from the three lots of tubing, A, B and C, were 
welded under various conditions. Unwelded and welded 
specimens were then split and the amount of opening 
measured. 

The following conclusions can be drawn from the re- 
sults of these tests, Fig. 4. 

(a) The weld stress retained in tubing which was 
initially free from residual stress, such as the lot A, is 
insignificant, being restricted to the vicinity of the welded 
bead, confirming previous results.* These stresses have 
no effect on portions of the tubing (or of other structures) 
some distance apart from the welded bead, and conse- 


Figs. 6 and 7—Cracks Developed in SAE X-4130 Tubing on 
Depositing a Bead by Means of Oxyacetylene Welding 
(Approx. full size) 


quently no effect upon the opening of the tube after 
splitting. 

(6) The welding of tubing which is restrained by the 
presence of residual stress causes fundamentally a stress 
relief. The stress-relieving effect increases slightly with 
the magnitude of the initial residual stress, being over 
55% for the lot B containing very high stresses, but only 
approximately 50% for the lot C containing only one- 
third as much residual stress as lot B. 

The absence of an increase in diameter on welding 
these specimens indicates that this stress relief is to the 
most part a localized anneal. 

Correspondingly, the stress-relieving effect also in- 
creases with both increasing amperage and increasing 
diameter of electrode, Fig. 4. 

By splitting specimens at various distances from the 
welded bead, it was shown that the measured effect does 
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not depend upon the method of testing. This is indica- 
tive of a stress distribution which consists only of a 
bending moment at each point of the cross section but 
does not develop a resultant compression or tension at 
any point. If such a normal force, varying along the 
circumference is present, the stress state is difficult to 
evaluate, as discussed later. 


Cracking Caused by Residual Stress 


Of the 36 arc-welded specimens, three developed cracks 
at the start of the bead, Fig. 5. These three specimens 
belonged to lot B, or to the tubing with the maximum 
residual stress. 

The effect of residual stress on cracking during welding 
was followed up in a more detailed manner by tests of 
the same type except that the bead was deposited by 
means of oxyacetylene gas welding.* The welding con- 
ditions were as follows: a */;, in. diameter, low carbon 
welding rod; no. 6tip; acetylene pressure, | lb.; oxygen 
pressure, 12 lb.; '/, in. cone length. It was attempted 
to deposit the bead in such a manner that approximately 
'/sin. of the length was unwelded on each end of the bead, 
Figs. 6 and 7. 

Cracks developed in a number of the welded specimens 
in the unwelded metal at the start of the bead, Figs. 6 and 
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Fig. 8—Microstructure of Section Perpendicular to Start of 
Crack in Welded SAE X-4130 Tubing (50 X) 


7. The photomicrograph, Fig. 8, illustrates that the 
path of the crack is intercrystalline in relation to the large 
austenitic grain which had grown in the SAE X-4130 
steel adjacent to the welded bead. In some other speci- 
mens depressions were noticeable at the same location, 
and a slight compression under a hydraulic press de- 
veloped cracks of the same type through these depres- 
sions and extending into the bead. 

Six specimens were welded from each lot and no cracks 
were found in lot A, two visible cracks with two more 
cracks developing after slight compression in lot B, and 
two cracks after slight compression in lot C. Weighing 
the cracks visible only after compression as one-half 
crack, the ‘“‘cracking tendency” in this series of tests was 
zero for lot A, 50% for lot B and 17% for lot C. The 
respective residual stresses were determined on unwelded 
specimens as follows: — 2000 psi., 23,000 psi. and 15,000 
psi., respectively. 

In a second series of tests, specimens of lot B were 
subjected to stress relief anneals at temperatures of 1000° 
and 1100° F., for one-half hour, which, respectively, re- 
duced the residual stress from 23,000 psi. to 10,000 psi., 
and 7000 psi. Out of twelve specimens welded as sup- 
plied, seven showed visible cracks, and three more after 


* We are indebted to Mr. C. L. Bennett, Instructor in Welding, Case School 
of Applied Science, Cleveland, Ohio, for the preparation of these specimens 
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PRESS CHUCK 


(a) (b) 


Fig. 9.—Fixtures for in Tubing Before 
elding 
(a) In Direction of Diameter Through Bead. 


(b) In Direction of Diameter Perpendicular to Diameter 
Through Bead. 


slight compression, or 71% cracking tendency ; all of 
four specimens stress relieved at 1000° F. developed 
cracks after slight compression, i.e., 50%; and out of 
eight specimens stress relieved at 1100° F., four showed 
cracks after slight compression, or 25%. 
Thus, the magnitude of residual stress is one of the 
important factors regarding the development of weld 
cracks of the type, illustrated in Figs.5 to 7. The crack- Fig. 


ing tendency increases with the magnitude of residual cest 
stress, other conditions being identical. Among the 

conditions which also affect the cracking tendency are wil 

the welding procedure, the dimensions of the tubing and aes 

the length of the bead. deus 

Regarding the stress relief caused in unwelded tubing ere 

by annealing, a few tests have shown that in order to perp 

reduce residual stress in SAE X-4130 tubing below a of th 

value of 5000 psi. the following alternative treatments are Hi 

required: pred 

1200° F. for 10 minutes,” seg 

1100° F. for 60 minutes, or ied 

1000° F. for 24 hours 1 

old; 

The Effects of External Restraints weld 

prop 

As previously mentioned, external restraint is gen- rega 

erally believed to increase considerably the difficulties of 7 
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Fig. 11—Cracks Adjacent to Weld in Tubing Subjected to Ex- 
cessive Predistortions in Direction of Diameter Through Weld 


(Approx. '/: actual size) 


welding. This is obviously true for the frequently used 
welding test which consists of the welding together of two 
clamped plates. The main factor which complicates the 
welding in this test is probably the presence of tension 
perpendicular to the welded bead during cooling because 
of the contraction of the metal. 

However, some authorities have mentioned the use of 
predistortions or particular types of restraint as means 
for the reduction of weld stress and prevention of weld 
cracking.* 

The use of predistortions by mechanical means is quite 
old; its use probably dates back to the early days of 
welding. Many such processes or fixtures have been 
proposed. However, no information could be secured 
regarding the effects of special predistortions during weld- 
ing of tubing. : 

Basically, it should be possible to create any type of 
stress state by means of special fixtures, or by the appli- 
cation of external loads during welding. The possible 
variations have not been investigated or recognized as 
yet. 

As a contribution in this direction, the effects of two 
types of external restraint or predistortion and of vary- 
ing magnitude were investigated. 

Predistortion by Means of Compression in the Direction of 

a Diameter Through the Welded Bead 


The fixture illustrated in Fig. 9 (@) was used to pre- 
distort the tubing prior to welding in the direction co- 


Fig. 12—Typical Fractures Adjacent to Weld When Severely 
Predistorted 


(Approx. 1'/; actual size) 


Fig. 13—Effect of Varying Location of Splitting After Welding 
Tubing Which Has Been Severely Predistorted Perpendicular 
to Diameter Through Weld 


(Approx. */, actual size) » 


incident with the diameter through the weld. A gage 
stop, limiting the decrease of diameter in this direction 
to '/e4, Or in. was inserted into the specimen 


Fig. 14—Schematic yay ee When Split as 
own in Fig. 
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Fig. 15—Effect of Various Predistortions Perpendicular to 
Diameter Through Weld Upon Amount of Opening (or Closing) 
When Split Opposite to Bead 


which was being compressed by means of a fixture which 
permitted the welding through the one slotted jaw. 

The specimens were provided with a welded bead, as 
previously described, the conditions being 160 amp. and 
'/e-in. weld rod. After welding, the tubing remained in 
the fixture until it had cooled down to room temperature. 
The specimen was then split at a diameter opposite to 
the weld and its opening on splitting measured. 

By varying the location of the split in relation to the 
welded bead, it was shown that the opening was not 
dependent upon the method of measuring, other condi- 
tions being constant. This is explained by a stress state 
in such tubing which is fundamentally of the same type 
as that in tubing not predistorted but containing residual 
stress as discussed previously. 

The results, Fig. 10, indicate that a predistortion acts 
in a similar manner as the presence of residual stress. 
While the stress distribution may be of different types, 
the resultant effect was in both cases an opening on split- 
ting. The opening caused by a predistortion of the 
stress-free tubing, lot A, is slightly larger than that of 
the undistorted tubing, containing high residual stress, 
lot B. The effects of residual stress and predistortion 
are apparently superimposed to each other as the opening 
for each lot increased with increasing predistortion up to 
a certain limit. 

However, when a certain predistortion was exceeded, 
the sample was found to be fractured through the parent 
metal parallel and close to the welded bead, Fig. 11. 
The amount of predistortion that was possible without 
failure was different for the various lots of tubing, i.e., 
increased with decreasing magnitude of residual stress. 
Lot A broke at */¢ in. distortion, lot B at '/g, '/. and 
3/e4 in. distortion, and lot C at */¢ in. distortion. 

Correspondingly, the maximum amount of opening 
on splitting, obtainable for the welded specimens con- 
taining residual stress and/or subjected to the described 
type of predistortion, was found to be almost constant 
for the various lots of tubing, or somewhere between 0.10 
and 0.12 in. Thus, the conclusion may be drawn from 
these tests that welding will be associated with cracking 
or rupturing if a tensile stress above a certain limit is 
present at an unknown time after welding and after re- 
lease of the pressure exerted by the pressure chucks. 

The failures on welding with predistortion in the direc- 


432-s WELDING RESEARCH SUPPLEMENT 


tion of the diameter through the weld extended in gj) 
instances over the full length of the specimen, Figs, || 
and 12. All failures were of the brittle type, indic.tiye 
of a large austenitic grain size, and not discolored, sug. 
gesting a cold break at a temperature sufficiently low to 
prevent oxidation. 


Predistortion by Means of Compression in the Direction 
of Diameters Perpendicular to the Diameters Through the 
Welded Bead 


The fixture illustrated in Fig. 9 (6) was used to pre 
distort the tubing prior to welding in the direction of a 
diameter perpendicular to the diameter through the weld 
A gage stop, limiting the decrease of diameter in this 
direction to */¢4, 1/32 and */s, in. was again inserted into 
the specimen which was being compressed by means of a 
fixture. 

The specimens were provided with a welded bead, as 
previously described, the conditions being 160 amp 
and '/s-in. weld rod. After welding, the tubing remained 
in the fixture until it had cooled down to room tempera 
ture. 

Splitting of a number of specimens, lot A, subject to 
the maximum predistortion of */¢ in., at various elements 
in relation to the weld disclosed that the effect was highly 
dependent upon the location of the saw cut. It varied 
from considerable closing, if the cut was opposite to the 
weld, to opening by approximately 50°) of the amount 
of closing, if the cut was through the weld, Figs. 13 to 16. 
While the surface of the severed tubing remained on ; 
cylinder for these two positions, it became offset for any 
other position of the split, showing a maximum offset at 
an element 60° apart from the weld, Figs. 13 to 16. 

The state of (circumferential) stress which causes such 
distortions of the welded tubing on splitting may be ten- 
tatively considered as a superpositiot! of (a) a bending 
moment opposite to that of residual processing stress 
and (b) stresses caused by a high tension force present in 
the weld and a corresponding reactive compression fore: 
at the opposite element. Such a bending moment 
would cause closing for any location of split, while th: 
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Fig. 16—Effect of Varying Location of Splitting Upon Amoun' 


of Opening (or Closing) and Upon Radial Offset After Welding 
When Tubing Has Been Predistorted Perpendicular to Wel 
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Fig. 17—Effect of Preheating Upon Opening on Splitting 


relief of the high tension by cutting through the weld 
would cause opening, or the relief of the high compres- 
sion by splitting through the opposite element would 
cause closing, or the relief of shear, if present, by splitting 
through any other position would cause an offset. The 
presence of such a tension force in the weld can be ex- 
plained as the reactive force developed on removal of the 
fixture, resulting from the original compression force 
created by applying the fixture but relieved by the weld- 
ing heat. 

The presence of such a compression force prior to weld- 
ing would also explain that none of the specimens failed 
during or after welding. 

It is to be expected that with increasing predistortion, 
the state of initial residual stress in a specimen will be 
progressively displaced by the stress state developed by 
the predistortion. This is confirmed by the results of the 
tests, Fig. 15, if the amount of closing on splitting 
through an element opposite of the weld may be con- 
sidered as a measure for the progress of this process. 
The tubing free from residual stress will assume with 
small predistortions the state of stress belonging to pre- 
distortion; however, if residual stress is present in the 
tubing, a certain minimum predistortion is necessary to 
eliminate first this residual stress. The various lots of 
tubing behave somewhat differently in this respect. 


Other ‘Stress Relieving’’ Measures 


Other measures which are generally considered to 
facilitate the welding, or to relieve the weld stresses, are 
preheating' and peening.' Therefore, a few tests were 
made in order to determine the stress state in welded 
tubing which was, respectively, heated prior to welding 
or subjected to peening after welding. 

The welding conditions for both series of tests were: 
welding current, 60 amp., direct; welding electrode, '/, 
in. coated low carbon. 


Effect of Preheating 


Means for creating and controlling preheating of 
tubing in the welding shop were not available. There- 
iore, only a few temperatures of preheating were in- 
vestigated.?, A temperature of 212° F. was applied to 
the specimens by immersion in boiling water for 30 min. 
A temperature of 550° F. was assumed to be the tempera- 
ture of specimens preheated by means of a gasoline blow- 
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Fig. 18—Effect of Varying Severity of Peening Upon Opening 
on Splitting 


torch to approximately 650° F., as indicated by the 
melting of a drop of solder having the desired melting 
point on the surface of the specimen. 

The preheating of the tubing up to a temperature of 
550° F. causes, according to Fig. 17, only an insignifi- 
cant relief of the residual stress present after welding. 

As preheating is known to be of considerable benefit in 
practical welding,‘ the effect observed here does not meas- 
ure the actual stress conditions in the weld, confirming 
the previously developed conceptions. 


Peening 


A series of tests was conducted in order to determine 
the effect of peening after welding on the residual stress 
in the welded specimen. Peening hammers weighing 5, 
12, 16 and 20 oz. and handles 10 in. long were used. The 
specimen was firmly gripped during the welding and 
peening operations in a vise along an elemgnt opposite to 
the welded bead and 50 blows applied to the bead. This 
peening was started from the same end as the welding 
and the entire bead progressively hammered. 

The generally accepted conception that peening relieves 
a part of the residual welding stress is, according to the re 
sults of these tests, Fig. 18, not universally true. While 
it is quite feasible that the residual stress in the welded 
bead proper is equalized and relieved by the peening 
operation, the trend of the curves in Fig. 18 indicates that 
peening creates a state of residual stress of its own. The 
magnitude of these peening stresses increases with in 
creasing weight of the peening hammer, being super 
imposed to the state of residual processing stress retained 
after welding. Thus, the resultant stress may cause 
first a decrease of the opening on splitting from the 
opening of the tubing that had not been peened, while 
heavier hammers produce opening on splitting which 
surpasses that caused by the residual processing stress. 
No attempts have been made to analyze the peening 
stress in a more detailed manner. 
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Effect of Zinc Chromate Paint on 
Welding 


By C. T. Gayley' 


HENEVER a protective coating is applied to 
steel, which afterward is fabricated by weld- 
ing, consideration must be given to the prob- 
able effect of the coating on the weldability of the steel, 
and the soundness and strength of the welds. The 
obvious way to by-pass the issue is to remove the coating 
in the vicinity of a joimt by scraping, sand blasting, or 
burning and brushing, prior to welding. But this is 
costly, and in war times, when labor is scarce, definitely 
retards production of vital equipment. It is therefore 
more practical in many cases, to determine the detri- 
mental effects, if any, of the protective coating on the 
quality of the welds. Thus it was considered desirable to 
determine the effect of zinc chromate paint on the sound- 
ness and strength of welds made in its presence, before its 
adoption as an after-pickling-paint, that is, as a coating 
* This paper represents only the personal opinions of the author and in no 
way reflects the official attitude of the Navy Department. Contribution to 
the Welding Research Committee. 


+t Associate Welding Engineer, Test Laboratory, U. S. Navy Yard, Phila- 
delphia. 


Fig. 1—Welds in Black Medium Steel 
A, mediurn steel—mild steel electrode, direct current. 
8. medium steel—mild steel electrode, alternating current. 
C, medium steel—austenitic electrode, direct current. 


Fig. 2—Welds in Steels Coated with Zinc Chromate Primer 


A, medium steel—mild steel electrode, direct current. 

B, medium steel—mild steel electrode, alternating current 

C, high-tensile steel—mild steel electrode, direct current. 

D, high-tensile steel—mild steel electrode, alternating current 


to prevent rust in the interval between the pickling 
operation and fabrication, and as an all-purpose primer 

The zine chromate paint selected for tests contained 
about 65°% zine chromate in the pigment and the vehicle 
contained about two parts of phenolic varnish and on 
part of alkyd resin. Welds were made in medium steel, 
high-tensile steel and high-alloy steel, using mild and 
austenitic steel shielded arc electrodes. 

The plate material was sheared, machined and pickled 
Therefore, the machined bevels of the butt joints wer« 
pickled. The zinc chromate primer was then appried on 
all surfaces, including the beveled edges and the backing 
strips used in the groove welds. Preparation and appli- 
cation of the paint were done under normal shop cond: 
tions. 

A heavy coating of the primer was applied, and aiter 
drying, the thickness of the film was measured with 4 
General Electric Film Thickness Gage of the induction 
type. The average thickness of the paint was shown to 
be 3.5 mils. As applied in shop practice, the average 
thickness of prime coatings generally runs from 0.6 to 
1.0 mil. The conditions for these tests were therefore 
much more severe than under normal shop conditions 

Groove welds were prepared in the flat, vertical and 
overhead positions, using medium steel, high-tensile 
steel and high-alloy steel test plates, */, x 5 x 12'/s in., 
to form single bevel butt joints 12'/; in. long with |; x 
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Type of Specimen 


Longitudinal all- 
weld-metal std. 
0.505 in. 


Transverse strap 
type */4X 1'/.x 
2 in. gage length 


Longitudinal all- 
weld-metal std. 
0.505 in. 

Transverse strap 
type 


Type of Specimen 

Longitudinal ll- 
weld-metal std. 
0.505 in 


Transverse strap 
type */,x 11/.x 
2 in. gage length 


Type of Specimen 


Longitudinal all- 
weld-metal std. 
0.505 in. 


Transverse strap 
type */,x 1'/.x 
2 in. gage length 


Longitudinal all- 
weld-metal 

Transverse strap 
type 1'/,x 
2 in. gage length 


Position of 
Welding 


Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Vertical 
Vertical 
Vertical 
Vertical 
Overhead 
Overhead 
Overhead 
Overhead 


Flat 
Flat 
Flat 
Flat 
Flat 


Welding 
Flat 
Flat 

Vertical 

Overhead 
Flat 
Flat 

Vertical 

Vertical 

Overhead 

Overhead 


Welding 
Current 


. 


Table 1—Results of Tensile Tests 
Medium Steel Welded with Mild Steel All-Position Electrodes, ‘“As-Welded”’ 


Yield Point, 
Psi 


Tensile Strength, 
Psi 


From Welds Made on Painted Plate 


58,000 
54,000 
54,000 
54,500 
55,800 
56,500 
41,600 
47,000 
47,000 
43,000 
46,200 
46,800 
41,000 
45,000 
50,800 
48,000 
46,000 
43,000 


From Welds Made 


51,000 
49,500 
48,500 
42,500 
49,500 


Table 2—Results 
Painted High-Tensile Steel Welded with Mild Steel All-Position Electrodes, 
Position of 


Yield Point, 
Psi. 
55,500 
56,500 
61,500 
59,500 
58,800 
59,400 
56,400 
57,000 
58,000 
58,400 


Yield Point, 
Psi 


Table 3—Results of Tensile Tests 
Medium Steel Welded with Mild Steel Flat Position, A.C. or D.C. Electrodes, “ 


71,500 
66,000 
66,500 
69,500 
68,500 
68,500 
67,900 
57,400 
69,300 
66,300 
68,200 
69,000 
67,200 
67,700 
70,400 
68,200 
68,800 
65,000 
on Black Plate 
60,000 
65,500 
63,500 
68,500 
68,000 


of Tensile Tests 


Tensile Strength, 


Psi 
68,500 
70,000 
76,000 
72,500 
79,800 
79,600 
71,200 
70,000 
73,600 
76,400 


Tensile Strength, 
Psi. 


From Welds Made on Painted Plate 


58,500 
57,500 
62,000 
54,500 
60,500 
58,500 
58,000 
40,000 
42,500 
37,000 
38,000 
36,500 
41,000 
44,000 
47,000 


67,500 
67,000 
67,000 
67,500 
67,000 
66,000 
67,600 
69,000 
68,400 
69,200 
66,200 
66,200 
66,700 
68,800 


From Welds Made on Black Plate 


54,500 


50,800 
46,200 
51,000 
45,500 


EFFECT OF PAINT ON WELDING 


63,000 


62,600 
62,700 
69,200 
68,200 


Elongation, 


cy 


in 2 In 


As-Welded”’ 


Zlongation, 


in 2 In 


As-Welded’’ 


Elongation, 
or 


in 2 In 


Location of 
Fracture 


Base mets 

Base met 

Base metal 
Base met 

Weld metal 
Weld metal 
Weld metal 
Weld metal 
Base metal 
Weld metal 
Weld metal 
Weld metal 


Base metal 
Base metal 


Location of 


Fracture 


Weld metal 
Weld metal 
Weld metal 
Weld metal 
Weld metal 
Weld metal 


Location of 
Fracture 


Weld metal 
Weld metal 
Base metal 
Base metal 
Weld metal 
Base metal 
Base metal 
Base metal 


Base metal 
Jase metal 
Base metal 
Base metal 
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Fig. 3--Welds in Steels Coated with Zinc Chromate Primer 


| 
A, medium steel—-austenitic electrode 


B, high tensile steel-—austenitic electrode 
C, high alloy steel —austenitic electrode 


| in. backing strips and a '/,-in. root opening. An inter- 
pass temperature of 200° F. was used in the preparation 
of these welds and after completion they were tested as 
follows: 

X-ray examination of each weld was made and the 


results compared with results of X-ray examination »; 
similar welds in black plate and with Navy Departmen; 
Standards for radiographic examination. This compari- 
son revealed that all welds made in the three types of 
steel with chromium-nickel austenitic electrodes 
plates painted with the zinc chromate primer were satis 
factory with respect to porosity, and, in fact, showed 
practically no porosity; that all welds made with heay, 
mineral coated straight-polarity, flat position electrode: 
in medium and high-tensile steels coated with the zr, 
chromate primer were equal to or better than Nay 
Department Standards and equal to or better thay 
similar welds on black plate; and that the majority of 
welds deposited with all-position reverse polarity mild 
steel electrodes in medium and high-tensile steels in th 
presence of the zinc chromate primer were equal to or 
better than the Standards. 

A transverse section was taken from each of the grooy, 
welds and examined macrographically. Representatiy; 
sections were examined metallographically at a magniti 
cation of 20 XK and 100 X. No perceptible differences 
in macro- or microstructures of welds or base metals 
between painted and black plates were revealed. Typical 
photomacrographs are shown in Figs. 1 to 3, inclusive. 

Two standard 0.505-in. diameter all-weld-metal longi- 
tudinal tensile specimens were taken from one of two of 
the groove welds prepared in the flat position, and tw 
transverse tensile specimens were taken from the remain 
ing joint, 1'/. in. wide for a 2-in. gage length and the ful! 
’/,in. thickness of the plate. One standard 0.505-i1 
diameter all-weld-metal longitudinal tensile specimer 
and two transverse specimens were taken from eac! 
vertical and overhead weld. The results of tensile test 
of these specimens are given in Tables 1 to 6, inclusiv: 

T-joints were assembled from */s x 4 x 8-in. high 
tensile steel test plates coated with the zine chromat 
primer and welded with string bead fillets using th: 


Table 4—Results of Tensile Tests 
Painted High-Tensile Steel Welded with Mild Steel Flat Position, A.C. or D.C. Electrodes, ‘‘As-Welded”’ 


Welding Yield Point, 


Type of Specimen Current Psi. 
Longitudinal all- D.C. 61,500 
weld-metal std Dc. 53,500 
0.505 in. A.C 62,500 
A. 60,000 
Transverse strap D.C. 58,500 
type x 58,300 
2 in. gage length A.C 60,500 
A.C 61,300 


Tensile Strength, Elongation Location of 
Psi. % in 2 In. Fractur 

69,500 
66,000 29 
72,500 28 
68,000 29.5 = 
74,500 18.5 Weld meta! 
69,800 13.5 Weld metal 
77,000 18.5 Weld metal 
76,000 16 Weld metal 


Table 5—Results of Tensile Test 
Painted High-Tensile Steel Welded with 25% Cr-20% Ni Alloy Electrodes, Reverse Polarity, ‘‘As-Welded”’ 


Position of Yield Paint, Tensile Strength, Elongation, Location ol 
Type of Specimen Welding Psi. Psi. % in 2 In. Fracture 
Longitudinal all- Flat 62,000 86,000 37.5 
weld-metal std Flat 56,500 85,500 37.5 
0.505 in. Vertical 51,500 82,000 35 
Overhead 63,000 93,000 36 
Transverse strap Flat 74,700 81,900 37.5 Base metal 
type */,x 1'/,x Flat 66,800 81,500 35 Base metal 
2 in. gage length Flat 59,000 81,000 35 Base metal 
Flat 69,000 84,000 31.5 Base metal 
Vertical 62,300 79,600 32.5 Base metal 
Vertical 64,900 79,400 36.5 Base metal 
Vertical 54,500 83,700 34 Base meta 
Vertical 65,000 83,800 41 Base meta! 
Overhead 62,500 81,800 35.5 Base metal 
Overhead 66,900 82,000 33.5 Base metal 
436-s WELDING RESEARCH SUPPLEMENT SEPTEMBER 


three 
ince 
they 
exanl 
resul 
Su 
mad 
chro: 
and 
Thes 
spec 
reinf 
ina 
the | 
with 
benc 
scril 
pain 
iron 
piec 
into 
chro 
teste 


Wele 


App 
Gas 
Und 


Ove 


Slas 


194 


: 
Ay 
By 
lirect c 
j current. 
direct Cl 
j st Current 
lirect current. 
irren 
it. 
— 
athe 
— 
- 
= 
Sar 
— 
Con 
EN 
i 
‘ 


4 
oj 
nent Table 6—Results of Tensile Test 
7arl- Painted High-Alloy Steel Welded with 25% Cr-20% Ni Alloy Electrodes, Reverse Polarity, ‘‘As-Welded” 
S Of Position of Vield Point, Tensile Strength, Elong ation, Location of 
on [ype of Specimen Welding Psi. Psi % in 2 In. Fracture 
atis Longitudinal all- Flat 48,000 82,500 16.5 
wer weld-metal std Flat 49 500 93.000 40.5 
505 in Vertical 59,500 92,500 32 
Overhead 62,500 92,500 29.5 
lransverse strap Flat 84,900 100,100 13.5 Weld metal 
type 1'/2x Vertical 69,500 94,300 15 Weld metal 
vaV) 2 in. gage length Vertical 72,800 97,000 15 Weld metal 
thar Overhead 85,000 102,500 11.5 Weld metal 
Vv of Overhead 84,500 101,000 11.5 Weld metal 
mild 
th 
saad three types of electrodes. After examination for appear- 
ince, gas holes, undercutting, overlapping and convexity, 
a they were broken with the root of the weld in tension and 
sich examined for porosity, slag inclusions and cracking. The 
_ results of this test are given in Table 7. 
re Single bevel 60° included angle butt joints were also 
er made in */s-in. medium steel plates coated with the zinc 


chromate primer, in the vertical and overhead positions, 
ail and using both mild steel and austenitic electrodes. 
‘Bt These were machined into transverse and root bend 
_— specimens 1'/: in. wide, with backing strip and weld 
reinforcement removed. They were tested by bending 
_ in a guided-bend jig in the same manner as described for 


bya the U.S. Navy Dept. Welders’ Qualification Test No. 1, 
‘ic with which so many are familiar. The results of these 
_ bend tests are given in Table 8. 

a T-bend specimens were prepared in the manner de 


Bissell and Williams,' using both 
All base material was cut 
high-tensile steel. The 


scribed by Ellinger, 
painted and black plates. 
from a single plate of 20-Ib. 


: pieces were pickled and wire brushed, and then divided 
om into two groups, one of which was coated with the zinc 
chromate primer. They were then welded, sawed and 
tested in the manner described in the above-mentioned 
Table 7—Results of Fillet Weld Tests 
Welds on High Tensile Steel Coated with Zinc Chromate Primer 
Welded with 
Welded with Welded with Reverse 
Reverse Straight Polarity 
Polarity Polarity All-Position 
Posi- All-Position Flat-Position Austenitic 
tion Electrodes Electrodes Electrodes 
Appearance H Satisfactory Satisfactory Satisfactory 
V Satisfactory Satisfactory 
O Satisfactory Satisfactory 
Gas pockets H None None None 
V None None 
O None None 
Undercutting H None None None 
Vv None None 
O None None 
Overlapping H None None None 
V None None 
O None None 
Convexity H_ Satisfactory Satisfactory Satisfactory 
V Satisfactory ...... Satisfactory 
O Satisfactory 1. Satisfactory 
P_rosity H None None None 
V None None 
O Slight Very slight 
Cracking H None None None 
V None None 
oO None None 
Slaginclusions H None None None 
V None None 
O None None 
ER 1942 


EFFECT OF PAINT ON WELDING 


Fig. 4—Welds in High-Tensile Steel Coated with Zinc Chromate 
Primer. For T-Bend Test 


reference. The results of the T-bend tests of black and 
painted plates are given in Tables 9 and 10. Macro- 
graphs of T-welds for T-bend specimens are shown in 
Fig. 4. 

Discussion 


It was the opinion of the operators who prepared the 
test plates that the presence of the primer was trouble- 
some in groove welds in the vertical and overhead posi- 
tions from the standpoint of manipulating the arc in a 
manner to obtain proper deposition of the weld metal. 
The same may be said, however, of any paint coating 
After the first pass had been deposited, the paint had 
been so burned that it was completely removed from the 
vicinity of the weld during the cleaning operation pre 
ceding the deposition of the next layer. 
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Table 8—Guided Bend Test Results 


Medium-Steel Base Metal Coated with Zinc Chromate Primer 


- -——Electrode 


Diam., 

In. Type 

3/16 Mild Steel, All-Position 

/\6 Mild Steel, All-Position 

3/16 Mild Steel, Flat and Horizontal 
3/16 Mild Steel, Flat and Horizontal 
25 Cr-20 Ni All Position 

3/15 25 Cr-20 Ni All Position 


Tyee 
FRACTURES 


Tyee I 
Fractures 


PainTEO 
Berore Wevoine 


Uneain Teo 
(Brack) 


Fig. 5—-Photographs of Typical T-Bends 


Bend Test 


Current Pos Root Ten. Face Ten 
D.C., Rev. Pol. Vv Satisfactory Satisfactory 
D.C., Rev. Pol. oO Satisfactory Satisfactory 
US sai St. Pol. F Satisfactory Satisfactory 
F Satisfactory Satisfactory 
D.C., Rev. Pol. V Satisfactory Satisfactory 
D.C., Rev. Pol. Oo Satisfactory Satisfactory 


It is to be noted that all welds made in medium stee! 
with mild steel electrodes may be considered 100° 
efficient, regardless of coating; that welds made in high- 
tensile steel with mild steel electrodes have the norma! 
strength of this type of weld metai; and that welds iy 
high-tensile steel with 25 Cr-20 Ni electrodes are 100° 
efficient, all breaking in the base metal and not in the 
bond. 

Collin and Lowe’ conducted an investigation covering 
the effects of twelve coatings on welding. Based on the 
effects on strength, ductility, arc action, spattering and 
the resulting defects, these investigators gave zin 
chromate paint a rating of ninth out of the twelve 
number one having the least detrimental effects. The 
present investigation, based on a more extensive group 
of tests confined to the determination of the effect o1 
welding of only the one coating, does not substantiat 
such a conclusion. The present tests show little or no 
difference between welds in black plate and in plat. 
coated with zinc chromate primer, and it does not appear 
possible to evaluate eight other coatings in between, 
showing varying degrees of harmful ‘effects. 

It is probable that a part of the variations in tensil 
strength and elongation ascribed to the effect of th 
coatings by Collin and Lowe may have been due to no 
homogeneity of the welds, since the results for the effect 
of each coating were based on specimens taken from 
single weld. Experience indicates that it is quite risky t 
take as conclusive the results from a single weld. Eve: 
closely controlled automatic welding equipment does 
not produce a uniform weld. Three of the variables bh: 
yond the control of the welding operator are (1) th 
occurrence of laminations and inclusions in the bas 
metal, (2) the occurrence of slag stringers and inclusions 


Table 9—Results of T-Bend Tests 
1/,-In. High-Tensile Steel Welded with Reversg Polarity, Mild Steel Electrodes, Horizontal Position Tested ‘‘As-Welded” at 70° F 


Width of Max. Load Angle at 

Are Are Character Specimen, Lb. per Max. 

Volts Amps. of Current In. In. of Width Load Fracture 

From Welds Made on Black Plate 
24 205 D.C. 1.27 5650 56° Type II* 
24 205 DA. 1.33 5700 50° Type II* 
24 205 D.©. 1.27 5650 60° Type II* 
24 * 205 ae. 1.18 5600 56° Type II* 
From Welds Made on Plate Coated with Zinc Chromate Paint 
25 200 D.C. 1.27 5600 50° Type II* 
25 200 D.C. 1.30 5600 50° Type II* 
25 200 D.C. 1.30 5550 56° Type II* 
25 200 D.C. 1.26 5650 50° Type II* 
25 200 DAS 1.27 5750 50° Type II" 
25 200 D.C. 1.40 5800 50° Type I1* 
25 200 D.C. 1.35 5750 50° Type II* 
25 200 D.C. 1.30 700 50° Type II* 
* Nore: Fractures were not exactly similar to types described in reference 1. See Fig. 5. 
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Table 10—Results of T-Bend Tests 


In. High-Tensile Steel Welded with Straight Polarity, Mild Steel Electrodes, Horizontal Position Tested ‘‘As-Welded” at 70° F 


Width of Max. Load 
Arc Are Character Specimen, Lb. per Angle at 
Volts Amps. of Current In. In. of Width Max. Load Fracture 
From Welds Made on Black Plate 
7 210 D.C 1.34 5350 43° Type I* 
27 210 D.C 1.40 5400 43° Type I* 
27 210 D.C 1.30 5600 50° Type I* 
27 210 D.C 1.40 5650 43° Type I* 
24 200 A.C 1.27 5600 50° Type I* 
24 200 A.C 1.40 5350 40° Type I* 
24 200 A. 1.50 5300 40° Type I* 
24 200 Pk 1.33 5350 45° Type I* 
From Welds Made on Plate Coated with Zinc Chromate Paint 
26 210 D.C. 1.35 5550 50° Type I* 
Da} 210 Die. 1.35 5600 50° Type I* 
26 210 ae. 1.30 5700 50° Type I* 
26 210 D.C. 1.25 5550 50° Type I* 
26 210 A.C. 1.45 5800 50° Type I* 
26 210 A.C. 1.30 5850 50° Type I* 
6 210 AC. 1.35 5800 50° Type I* 
26 210 A.C 1.35 5750 50° Type I* 


*Note: Fractures were not exactly similar to types described in reference 1. See Fig. 5. 


in the core wire of the electrode and (3) variations in 
thickness and other defects in the electrode coating. It 
is customary to even out the effects of these uncontrolled 
variables by making a number of similar welds on which 
tests are conducted. It would seem, then, that the re- 
sults obtained by Collin and Lowe should not be con- 
sidered too conclusive. 

It may be claimed that the results herein reported are 
equally inconclusive. However, the many practical 
welding tests, using three different positions of welding 
and two distinct types of welds, with a coating of zinc 
chromate primer abnormally thick, having failed to 
show any appreciable difference in the welds on black 
and painted plates would seem a pretty definite indica- 
tion that zinc chromate primer, when no more than the 
normal thickness of 0.6 to 1.0 mil is present, will cause 
no detrimental unsoundness in welds. 

As in welding on any painted surface, fumes are 
evolved which should be removed by suction or other 
adequate ventilation. The fumes, however, seem no 
more objectionable than when welding on any painted 
suriace. 


Conclusions 


No increase in porosity of weld metal deposited in 
grooves painted with zinc chromate primer using all- 
position, reverse polarity, and flat straight polarity 
shielded are mild steel and austenitic electrodes in 
medium, high-tensile and high-alloy steel base metals, 
over weld metal deposited in the absence of primer, has 
been established by X-ray or metallographic examination 
of specimens herein described. 


EFFECT OF PAINT ON WELDING 


The zinc chromate primer has no appreciable effect on 
the physical properties of all-weld-metal specimens taken 
from groove welds, and no measurable decrease in the 
strength of the bond in any of the combinations of elec- 
trode material and base metals used in these tests. 

Satisfactory single and double pass fillet welds can be 
made in the presence of zinc chromate primer. 

Satisfactory face and root bend specimens were ob- 
tained from welds prepared in the presence of zinc 
chromate primer. 

T-bend tests indicate there is no change in the weld- 
ability of high-tensile steel due to the presence of zinc 
chromate primer. 

The opinions and assertions contained herein are the 
private ones of the writer and are not to be construed as 
official or reflecting the views of the Navy Department 
or the Naval service at large. 
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THE WELDING RESEARCH COMMITTEE 
NEEDS YOUR SUPPORT! 


EVER HAS research and standardization been more important in the Weld- 
ing Field than at the present time. The radio, newspapers, popular maga- 
zines as well as the technical press have stressed the importance of welding 

as a mass production tool. Every day we read of launchings of huge merchant 
and naval vessels weeks and months ahead of schedule with welding playing a 
major role in this speed-up. Tanks are rolling off the assembly line—all welded 
in ever-increasing numbers. In the construction of planes, guns and bombs 
welding is used more and more. We are doing these things well. Undoubtedly, 
we could save time, materials and money if we had just a little bit more knowledge 
here and there or a better understanding of the underlying fundamental phenomena. 


New steels require additional information on weldability and best techniques. 
Occasional trouble could be overcome if we knew more about residual stresses. 
More accurate knowledge would enable us to raise our unit stresses in material sub- 
jected to fatigue or impact. Quantitative knowledge of effects of each variable 
would enable us to substitute more efficient, speedier resistance-welding processes 
where applicable. Dozens of specific instances and other examples could be cited. 


The Welding Research Committee was organized some five years ago to provide 
united and cooperative action in solving welding problems. It has brought into 
its fold the major scientific research talent available in the welding field and it is 
constantly on the lookout for additional talent and laboratory facilities. It has 
solved many problems and it is working on others. It has reviewed and corre- 
lated most of the research information on welding existing in the literature of the 
world. 


Anticipating the needs of our government it started at considerable expenditures 
of funds fundamental researches on weldability which have since been taken over 
by governmental agencies. As a matter of fact fully half of the funds involved in 
its $200,000 a year program of research comes from governmental agencies. 
Industry to a very large extent is doing its share. 


WHAT IS NEEDED NOW! 


Further progress can be made if the Committee receives the following support. 


(1) Release of reports on pieces of welding researches that have not 
as yet been published. These reports may be past theses of stud- 
ents at universities, or laboratory reports on the overcoming of 
some difficulty or the securing of quantitative knowledge for some 
particular application. 


(2) Financial support in the forms of contributions ranging from $100 
to several thousand either without strings or earmarked for some 
specific project. 

(3) Cooperation from laboratories, university, private or governmental. 

(4) Bringing to the attention of the Committee needed research. 


All persons interested please communicate with the 
WELDING RESEARCH COMMITTEE 


29 West 39th Street 
New York, N. Y. 
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The Spot Welding of 0.040 In. 
5.A.E. X-4130 Steel 


By W. F. Hesst and D. C. Herrschafti 


; Schroder in a recent report on the spot welding of 0.040 
Recommended Sawreey for Spot Welding S.A.E. in, N-A-X 9115 hich-tensile stecl 

X-4130, 0.04 . Thick N-A-A gh-tensile steel.’ 
~eaetiiaea _—- The steel used for this work was S.A.E. X-4130 with 


lectrode diameter, in 
- anes the following ladle analysis 
nde shape 30° bevel 
lectrode pressure, psi 30,000 Carbon 0 20 Silicon () 25 
rresponding total electrode force, Ib 1473 - 
urrent, amp 12,800—13,200 Phosphorus U.ULO Molybdenum 0.1 
between weld and heat treatment, cyck 18 Sulfur 0.02 
f heat treatment, cycles 6 
Heat-treatment current, amp 11,400—11.800 Che average A » ] M Tall size ol this stock was 
88-92°. of weld current No. S and the sheet had the following mechanical propet 
Shear strength per a“ % Ib 2600-2700 ties: Yield strength, psi., 72,000; ultimate strength, 
trength per spot, 50-850) 
psi., 95,000: elongation, 2 i This material 
n ratio 1.05-1.07 
ndentation 3.00-3 .50 
ter, in 0.210-0, 220 
failur Ductile tear 


Material 


HIS investigation was carried out on stock of 
0.040-in. thickness and follows the same general 
procedure as used by W. F. Hess and C. R 


presented at the Annual Meeting, A.W Cleveland, Ohio, Oct Fig 3 Macrophotogr aph Showing Effect of Heat Zone-—Weld 
Y42 A contribution to the Industrial Research D or Welding tt 
neuiiten , , Junction Hardness on Type of Failure in a U-Tensile Specimen 
Laboratory, Rensselaer Polytechnic Institute Tro N. ¥ 4% Picral Etch 12.5 > 


> 
5 3 


al 
Aidt 


Fie 7 


ig. 1—6-Cycle Weld—-No Heat Treatment; 4% Picral Etch Fig. 2—6-Cycle Weld—6-Cycle Heat Treatment; 18 Cycles 
500 » Between Weld and Heat Treatment; 4% Picral Etch—-500 x 
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VICKERS HARDNESS— 5 KG. 


6 CYGLE WELDS — 20 CYCLE HEAT TREAT _| 
1/4" ELECTRODE DIAMETER 


COOLANT = 3 °C 


| 


0 
COOLANT = 3°C. | 
| | | | | 
+ 4+——— + 4 = 4 4 — u 
} | | 
| 
2500;— 1 {750 2500 0 
« 2000}+—;—+—-+ w 
a i <a 
x x 
1500+—-+—+4—__- 1500 uy 
© — SHEAR STRENGTH 
_L-+-47- | | @ —U STRENGTH 
| | | | 
| | | | 
Q Te) 20 3C ] 
CYCLES BETWEEN WELD & HEAT TREATMENT ; 
CYCLES BETWEEN WELD & HEAT TREATMENT : 
wi 
Fig. 4—Strength Curves Showing Importance of Minimum Fig. 6—Strength Curves Showing Importance of Minimun , . 
Quenching Time Between Weld and Heat Treatment for 20- Quenching Time Between Weld and Heat Treatment for —_" 
Cycle Heat Treatment of 6-Cycle Welds in 0.040-In. Material Cycle Heat Treatment of 6-Cycle Welds in 0.040-In. Mater the 1 
1a yus 
was supplied in the hot-rolled condition with a com welding, results in raising the hardness of the hot-rolk weld 
mercially pickled surface. Prior to welding, all speci sheet from about 250 Vickers to almost 650 Vic! with 
mens were given a thorough degreasing in a trichlor Welds in this condition are too brittle to have reas wel 
ethylene vapor degreasing tank mechanical properties. This work has therefor ul 
directed toward producing a tough and ductile stru ibo 
in the weld. The quench and temper principle, app! 
Scope so successfully to the N-A-X 9115 mentioned 
was here given a further test and found highly satis 
When ordinary methods of spot welding are applied _ tory. -. 
to X-4130 steel the severe quench, which follows the The complete welding cycle of melting, quenching | . 
us! | Jie < > Wa 
St 
oad | | / alia.) 
AS WELDED—NO HEAT B = AS WELDED—NO HEAT TREATMENT \ 
| } | 7 
| | | | 25 ¢ | > 
(TIME BETWEEN WELD 74 © (TIME BETWEEN WELD 
{|_| ANC HEAT TREATMENT) 1 AND HEAT TREATMENT) _| 
1 | (2j-—--~15 CYCLES > CYCLES 
—-+ 4  (3.)-— 18 CYCLES + 10-—$— t 
0 004 O08 O12 O16 O20 024 028 O32 036 0 004 O08 O12 O14 O20 024 028 
DISTANCE ACROSS WELD — INCHES 
Fig. 5—-Hardness Surveys Across Weld Section Near Interface, Fig. 7—Hardness Surveys Corresponding to Points in 9. ° 
Corresponding to Points in Fig. 4; 6-Cycle Welds, 20-Cycle 6-Cycle Welds, 6-Cycle Heat Treatment 
Heat Treatment 
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6 CYCLE WELDS— 6 CYCLE HEAT TREAT 


1/4" ELECTRODE DIAMETER | 
3000} 


BSF 

2 

> 

> 

<td 


nsite and tempering was carried on automatically 
welding machine in a total time of one-half second 

14 
ll electronic timing of the welding and heat-treating 
urrent, as well as the quenching time between welding 
it treatment, was accomplished by operating a 


panel equipped for pulsation welding so that the second 
' was controlled by another standard spot-welding 


Separate phase controls on the two panels 

ed independent adjustment of the welding and 

heat-treating current. A single panel could readily 

provide all of these features. A complete list of the 
conditions treated includes 


Electrode tip size. 

Unit electrode pressure 

Welding current 

Welding time. 
». Time-off between weld and heat treatment 
Heat-treatment current. 
Heat-treatment time. 


juantitative tests of the welds made included shear 
strength, U-tensile strength and hardness surveys to 
correlate the strength data with the amount of temper 
produced. With specimens that had been heat 
treated, extensive use was made of a qualitative chisel 
test to locate trial ranges of proper heat-treat current 
Experience showed that if the heat-treat current was too 
the outer edge of the weld retained its brittle den 
structure. Visible evidence of this was provided 

when the sheets were clamped in a vise and parted by 
tapping a chisel down between the sheets adjacent to 
the weld. When the heat-treat current was properly 
idjusted to obtain the maximum tempering effect, the 
weld was pulled entirely out of one sheet and then only 
with the expenditure of a great deal of energy. These 
welds had a silky appearance. Too high a heat-treat 
current resulted in rehardening by heating the weld 
ibove the austenitizing temperature. These welds 


exhibited the same poor properties as the as-welded 
specimens. After the proper phase control settings were 
established by chisel test, a series of welds were then 
made, within the range established by the chisel test, to 
be subject to quantitative tests 


Welding Conditions 


Before any attempt was made to heat treat the welds, 
the optimum conditions of electrode tip size, unit elec 
trode pressure, weld current and weld time were estab 
lished These four conditions were then held constant 
throughout the remainder of the investigation on heat 
treated specimens 

Early in the investigation on N-A-X 9115 it was found 


that, for 0.040-in. thickness material, in. electrodes 
gave greatly improved results over the maximum re- 
sults obtainable with */,,-in. electrodes. In this investi 
gation electrodes of in. diam. were tried in order to 
determine whether the upper limit of diameter had been 
reached. It was found that win. electrodes gave 
very inconsistent spot diameters and many were con 
siderably smaller than the electrode diameter Since 


1/,-in. electrodes gave consistent results it was decided 
that this diameter constituted the best practical size 
for this thickness material 


Microscopic examination of sectioned welds made 
with various electrode pressures (using '/,-in. tips) 
showed that a unit pressure of 25,000 psi. was sufficient 
to eliminate porosity and produce a sound weld. How 
ever, by utilizing a slightly higher unit pressure of 30,000 
psi., the spot diameter was increased without any appre- 
ciable increase in indentation and distortion Higher 
unit pressures than 30,000 psi. proved undesirable with 
respect to distortion and indentation A pressure ol 


30,000 psi. was therefore selected as most desirable 
A welding time of 6 cycles w ound to be best since 


a 4-cycle weld time caused undesirable flashing of the 


Stage 5 


Stage 6 


Stage 7 


Stage 8 


Fig. 8—Macrophotographs Showing Cross Sections, at 7.5 X Magnification, of Spot Welds in 0.040-In. S.A.E 
X-4130 Steel After Various Heat Treatments in the Welding Machine 


As-we las d, no heat treat 
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Fig. 9—Current Ratios Used to Obtain Maximum Tempering 
Effect Without Rehardening; Points Corresponding to Points in 
Figs. 4 and 6 


electrode tips. Longer times than 6 cycles failed to 
produce any better results and 12-cycle welds were de- 


cidedly inferior. The current required to produce the 
best welds, with '/,-in. electrode tips, 30,000-psi. elec- 
trode pressure and a weld time of 6 cycles, was 13,000 
amperes. Thiscurrent produced the largest possible spot 
and was safely below the point of expulsion. This 
combination of welding conditions gave distortion and 
indentation values well within reasonable limits. 
Throughout the investigation the electrode tips were 
kept at 3° C. by refrigeration of the coolant. This 


stabilized the weld-cooling rate and kept the 


quenching 
time to a reasonably low value. 


Heat Treatment 
Ouenching Time 
One of the most important aspects of the quench and 
temper process, as applied to spot welds, is 
tion of the effect of the time interval between the cut-off 
of the welding current and the start of heat treatment 
Sufficient time-off must be allowed for the molten nugget 
to quench to the martensite-forming temperature before 
the heat treatment current is passed. If the time-off 
is too short to allow the weld to cool to this temperature 
the heat treatment current only acts to reheat the un 
transformed, subcritical austenite, and on cooling the 
weld returns to a brittle martensitic condition. Early 
work on N-A-X 9115 showed that longer welding times 
could not be utilized to reduce the ‘cooling rate of the 
weld and cause a tougher transformation product to 
form. The same situation was found true with this 
steel. 


a considera 
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cycle heat treat. Notice that the maximum | 
th 1s slightly better with a 6-cycle heat treat liga <a ea Sina! 
. . > 
show that the maximum tempering effect has a 
luced by a 6-cycle heat treat A still more 
effect shown in Fig. 6 is the fact that only a 2 600 Po : 55 | 
le time-off is necessary to obtain the maximum 3 “ »| 
h effect with a 6-cvcle heat treat as compared to S sod | x z | 
cle time-off necessary with a 20-cycle heat treat. 
me-off of 18 cycles with a 20-cycle heat treat the 
trength is 2310 lb. and the U-strength is 430 Ib. 400-1 140: 
the same time-off and a 6-cycle heat treat the shear LL 
is 2560 lb. and the U-strength is 830 lb. With | 
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me temperature before the postheat current begins A & 
w. T his results in the same amount of ret uined 2 CYCLES] | = 
nite in each case. However, if we assume that the §$ (3)—-——-—~4 CYCLES 
ifization oO nsite Sim ‘re 
tization of martensite llows a similar relation a) quanen AE. 4130 
to the austenitization of pearlite,*’ it can be shown ‘ 
: 6, 8 YCLE | 
ith a very short time of tempering the weld may 
ted above the critical without formation of aus- 
As the heat-treat time is increased, the heat- 0.08 24 
treat current must be reduced to prevent austenitization DISTANCE 
this reduces the tempering effect produced. In 
P Fig 11—Hardness Surveys Corresponding t Points in Fig. 10 
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Fig. 13—-Hardness Surveys Corresponding to Points in Fig. 12 
Showing Progressive Softening, with Increase of Heat-Treat 


Current, Until Rehardening Is Produced 


that can be reached without austenitization increases 
rapidly. A plot of a curve showing the temperature for 
start of austenitization as a function of the time at that 
temperature would probably assume a shape approxi- 
mating an equilateral hyperbola. 


Macro-Photographs 


Stage 1 of Fig. 8 shows the structure of the weld in 
the as-welded condition. Stages 2, 3, 4 and 5 show the 
structure of a 6-cycle weld with 6-cycle heat treat for 
times-off of 12, 14, 16 and 18 cycles, respectively (corre- 
sponding to Fig. 7). Notice that where the time-off is 
insufficient only the outer edges of the weld have softened 
and the center has remained hard. This is due to the 
fact that the hotter central area of the weld has had 
insufficient time to cool below the martensite-forming 
temperature while the cooler outer portion has suc 
ceeded in cooling below this temperature and has conse- 
quently been tempered by the postheat current. Stages 
6, 7 and 8 show the progressive rehardening of the central 
portion of the nugget when the time-off is sufficient but 
the heat-treat current is too high. As the heat-treat 
current is increased, more and more of the center portion 
of the nugget is carried above the austenitizing tem- 
perature by the postheat current and the weld returns 
to the brittle martensitic condition. However, welds 
such as shown in Stage 6 have as good mechanical 
properties as a properly tempered weld shown in Stage 5 
As long as the rehardened area does not reach the heat 
zone-weld junction, the mechanical properties do not 
decrease. 

It is interesting to note the structure produced in 
Stage 6, Fig. 8 (also Fig. 3). Here the central portion, 
being above the austenitizing temperature for only a very 
short time, has had time to redissolve only a portion of 
the precipitated carbides. This, effectively, has pro- 
duced a region of low carbon martensite mixed with 
undissolved carbides, which exhibits rapid etching 
characteristics. Notice how this region persists, in 
Stages 7 and §, surrounding the completely rehardened 
center. 


Micro-Photographs 


Figures 1 and 2 show the structure of an as-welded 
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Fig. 15—-Hardness Surveys Corresponding to Points in Fig. 14 
Showing Progressive Softening, with Increase of Heat-Trea 
Current, Until Rehardening Is Produced 


and heat-treated specimen, respectively The as-welded 
specimen exhibits a typical acicular, martensitic struc 
ture. The heat-treated structure, which etched mor 
rapidly than the as-welded structure, shows small white 
globules, resembling carbide spheroids, present in the 
matrix. 


Time of Heat Treatment 


In order to make certain that 6 cycles was the best 
heat-treat time, data was taken from which the curves 
in Fig. 10 were plotted. Notice that the maximun 
shear strength reached is about 2300 Ib. while in Fi 
the shear strength reached 2560 Ib. These variat 
are due to the fact that the current ratio in Fig. 10 
a 6-cycle heat treat, was slightly lower than the corre 
sponding current ratio in Fig.9. Since the proper curr 
ratios were determined by chisel tests, this much 
tion is possible. Quantitative surveys of the effect 
current ratio will be discussed later in this re port. Figure 
10 also shows that for heat-treat times greater th 
cycles the U-strength dropped off gradually at 
then more steeply. This fact tends to support the theory 
that a longer time-off is necessary with a longer heat 
treat time, as discussed previously, in order to obtat 
maximum results. An ambiguity arises in the 
that the shear strength did not fall off corresponding 
However, throughout the investigation it becam« 
parent that the U-strength was much more affected | 
slight changes in the heat-treating conditions than the 
shear strength. inconsistencies arose due 
herent variations in the spot diameters which 
liminary photoelastic studies have shown greatly ai! 
the type of stress distribution in the U-tensile test 
is hoped that some data of this nature will be in 
porated in later reports on other steels, and other g 
subjected to this welding technique and this typ 
destructive testing. Little information is availab! 
stress distribution at the base of notches as shar] 
those encountered at the tip of a spot weld but tx 
authors wish to refer the reader to the section of G 


Some 


samer’s paper* which deals with notch sensitivity 
the mechanism of failure at a notch. 
Figure 11 shows the hardness surveys correspondillg 


to points in Fig. 10. These surveys show that a 6-c) 


OCTOBER 


800-- 
700} 
7 
| 
| 
fl soo q 
4 
400} 
|| 
| 
} 


META 


Teal 


heat-treat time is sufficient to produce maximum results 
the curves of Fig. 10 indicate that a longer heat- 
treat time produces less satisfactory results unless the 
Since the purpose of this investi 
n entailed getting maximum results in the minimum 


ff is increased. 


r time, the ce ymbination of a 6 cycle weld, 1S cycles 
d a 6-cycle heat treat was considered the best 
ation, as supported by the quantitative data. 
ombination requires a total time of 30 cycles for 
iwletely heat-treated weld, thus making this tech- 
entirely applicable to a high-speed production 


Treatment Current 


hroughout the investigation, to this point, all heat 
treat currents were determined by chisel tests. After 
the best value for the time-off and heat 
treat time, a quantitative survey of the effect of varying 
heat-treat current (all other factors held at their 
ilue) was made to establish the range more closely 


~ 


was possible with a chisel test. Figure 12 shows 
results for a 6-cycle weld and 6-cycle heat treat, 
¢ the minimum time-off taken from the curves in 


These curves indicate that maximum results 
when a current ratio of 90°; is used Che critical 
of the heat-treat current 1s easily recognized 
low a heat-treat current fails to temper the 
too high a heat-treat current causes the weld 


be heated above the austenitizing temperature, thus 
lucing rehardening and loss of strength. Figure 13 
vs the hardness surveys corresponding to points in 
2. Notice the progressive softening of the weld 
rehardening occurs when the current is raised to 


high a value (curve 6, Fig. 13 Figures 14 and 15 
the same data for a 20-cycle heat-treat time using 
imum time-off as selected from Fig. 4 Although 
num values reached were slightly higher than 


the extra 
i weld 


20 cycles of total time necessary to 
Another point in favor of the shorter 
treat time lies in the fact that the shear strength 
es were less critical in the high range for a 6-cycle 
treat than for a 20-cycle heat treat. 

first observation it is surprising to note that the 


rent ratio must be as hi for best results 


" 6-cycle heat-treat time, since the welding current 
raise the sheets to the fusion temperature while 
postheat current heats the weld to a much lower 
nperature. This may be explained by the fact that 
contact resistance is lost, by formation of the weld, 
before passage of the heat-treat current This neces 
itates a correspondingly higher current, to attain any 
given temperature, than would have been necessary 


elore formation of the weld. It must also be pointed 
ut that with as short a heat-treat time as 6 cycles the 
may possibly be heated several hundred degrees 
the critical temperature without reaching the 
tenitizing temperature. 

mparison with the optimum value of heat treat 
weld current ratio for N-A-X 9115' shows that the heat 
current necessary to temper S.A.E. X-4130 is 
what higher than that required to obtain best 

Its on N-A-X 9115 while the welding current is only 
higher for S.A.E. X-4130. E. C. Bain‘ states 
resistance to softening of molybdenum steels per 


sists even in the presence of other alloying elements such 
as chromium. Even in the presence of about 1% of 
chromium, as small a proportion of molybdenum as 
0.20%, makes its presence |] ] 


elt in tempering (see ladle 
analysis of steel used in this investigation 


Molyb- 
quenched 
steels that makes a high-temperature draw necessary to 
produce tempering 


denum imparts a stability of structure to 


Conclusions and Recommendations 


On the basis of the work covered in this investigation 
the following conclusions may be drawn 


1 


1. It is possible to produce tough, ductile welds in 
the hardenable steel S.A.E. X-4130, 0.040 in 
by means of a briel temper 


machine 


thickness 


posthe it in the welding 


2. Application of the recommended conditions raised 
the shear strength of this steel from 1130 Ib. in the as 
welded condition to 2610 lb. when heat treated. Simul 
taneously, the U-strength was increased from 160 to 


$30 Ib. Thus, this technique is capable of producing 
remarkable improvement in the mechanical properties 
of welds in this hardenable steel 

3 The time-off between weld and heat treatment 


has a critical minimum but 1 ritical maximum 

+. The heat-treat current must be accurately con 
trolled to obtain the highest possible draw without 
rehardening by heating the weld above the austenitizing 


temperature. This is especially necessary in the heat 
treatment of 5.A.E. X-4130 due to the temper resistance 
of such molybdenum steels 

5. A heat-treat time of 6 cycles is sufficient to obtain 
the maximum effect of the postheat-tempering current 
for this gage of thi 


6 The chisel test is an excellent time-saving device 
for locating proper heat-treatment current sé¢ ttings and 
for a control check in production setups 

7 Hardne SS Ssurve icTOS the weld o1ve ali ¢ xcellent 
indication of the extent of tempering 

S The critical factor in determining the weld duc- 


tility and toughness is the hardness of the heat zone-weld 
junction 


Investigations are now being carried out in this 
laboratory, applying this same quench and temper 
principle, on three medium, plain carbon $.A.E. steels 
Preliminary results tend to indicate that this technique 
is applicable to many hardenable steels not commercially 
spot welded at present [his technique is particularly 


advantageous for thi heets where the quem hing time 


is verv short. It is strongly advised that this technique 
be applied to some of the new National Emergency 
steels recently developed 


Bibliography 


1942 SPOT WELDING X-4130 STEEL 447- 


J 
— ip 5 
= q 
- 
th 
IS! 
t 
CTT 
wel 
p 3 
te s] 
| 
Wal 
Vv “4 
n in tl rt 
| 
| 
he it 
cur 
re 
owe 
it 
H und Schr ng of N-A-X 
Vf i 1941, p 
is Put 1939 pm. 24 


Weldability of Carbon-Manganese 


Steels 


Report of Subcommittee II, Industrial Research 
Division, Welding Research Committee of 
the Engineering Foundation 


HE first phase of the study of weldability of car 
bon-manganese steels by Subcommittee II has 
been completed. The following report is submit- 
ted and is based upon an investigation made by the Bat 
telle Memorial Institute under the authorization of Sub- 
committee II. The full text of the Battelle report follows. 


Introduction 


The question of weldability of carbon-manganese steels 
is particularly pertinent to industry in that these steels 
represent a large portion of the tonnage to be welded in 
civil and mechanical engineering structures. A research 
program has been initiated to obtain data on weldability 
of such steels as commercially produced. The initial 
phase of this program has been completed. 

The problem of weldability is so broad that it is dif 
ficult to generalize so as to cover each specific instance. 
However, there are certain guiding principles which may 
be followed in estimating weldability of steels. The es 
sence of the problem is the avoidance of cracks on weld 
ing those structures which are to be stress relieved sub 
sequent to welding and the maintenance of adequate 
ductility next to the weld in those structures which are to 
serve in the as-welded condition. 

With this in view a preliminary survey was made con 
sisting essentially of depositing beads on plates of various 
carbon and manganese content, various thicknesses and 
at various temperatures. In general the conditions im 
posed were severe and approached the most severe to be 
found in commercial practice. 

The work at Battelle, recounted in detail in the ac 
companying report, has been largely restricted to meas 
urement of hardness next to the weld; the hardness being 
used as an index of weldability. This procedure is justified 
when it is restricted to a given type of steel. Other work 
included the longitudinal bend, but this confirmed prior 
work to the general effect that this test yields little criti 
cal information and practically no conclusions may be 
drawn therefrom. In addition to the work at Battelle, 
material has been sent to cooperating laboratories and 
results from the Naval Research Laboratory at Anacostia 
and Climax Molybdenum Co. are at hand. The Naval 
Research Laboratory work is particularly pertinent as it 
includes other types of tests for ductility on the '/,-in. 
plate. As this work will be released by the Naval Re 
search Laboratory coincidentally with this report, their 
results are freely drawn upon in the tentative conclusions. 


* To be presented at the Annual Meeting, A. W. S., Cleveland, Ohio, Oct. 
12 to 15, 1942 

Submitted by C. H. Jennings, Chairman of Subcommittee II, Carbon 
Steels, Welding Research Committee, Industrial Research Division, on behalf 
of the Committee 


Tentative Conclusions 


In drawing tentative conclusions it is necessary t: 


some criteria of weldability. As stated above, hardness 
is the only criterion available. 


It is generally agre 


among welding engineers that to insure absence of crack 
ing in the carbon-manganese type steels the Vickers 


Brinell 


hardness should not exceed 350 Brinell. This 
again is a general figure. 


It may be exceeded where th« 


conditions are such that only compressive forces resul 
in the welding. It may not be low enough in some 1 
cases where extreme restraint is involved. However 
seems to be the most satisfactory available figure t: 

for drawing tentative conclusions as to weldability wher 


the structure is to be stress relieved after welding. If t 


structure is to be used as welded the limiting hard: 
figure is somewhat more difficult to estimate as the typ 
of service determines the amount of ductility required 


next to the weld. However, engineers are agreed in 
eral that a value of 250 Brinell for these steels is conser 
tive and that 200 is satisfactory for almost all app! 


tions. 


Using 350 and 250 as criteria the Battelle w 


herein reported gives the following tentative conclusi 


Steels with less than 0.25% carbon and less than 0 
manganese present no problem from the standpoint 


1 
ui 


Se 


loss of ductility next to the weld. Steels with more tha 
0.25% carbon and slightly over 0.50% manganesé 
borderline as to weldability when they are to be usé 
the as-welded condition but present no problem 


they are to be stress relieved. This is true regardless 


the thickness, except that such steels may be considered 
weldable even for service in the as-welded state in 


plate gages up to '! 


,in. The steels having more that 


manganese and more than 0.30% carbon may not 
considered weldable (from the point of view of hardness 


produced) without precautions, such as preheating, e\ 


in lighter plate. 
The Battelle work shows that the total of carbon plu 


Mn 
manganese over 6 (C T > ) may be used as an inde 


the ranges of 0.20 to 0.30% carbon and 90.50 to 
manganese. It further indicates that this index ma\ 
used over still wider ranges, but other work on the 
ject indicates that such calculation may not be justi! 
The Naval Research Laboratory work broadly confirm 
the tentative conclusions from the Battelle work 
further differentiates with respect to silicon content 
silicon increasing the hardenability of the steel. 
work shows that for 0.20% silicon a manganese lim: 
and a carbon limit of 0.30% are approximate! 
the borderline for steels to be used in the as-welded 


0.70% 


dition. 
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lly no silicon an increase in manganese content may 
permitted as the equivalent of the silicon. This dif 
- somewhat from the carbon plus manganese over 6 
used by Battelle as a criterion. In view of numer 
ductility tests run by the Naval Research Labora- 
it would seem that these limits are probably more 
factory for steel to be used as-welded. 
\ll of the above indicates that the present limitation 
\°%% manganese and 0.25% carbon as a very broad 
specification is about right, that this limitation could be 
modified for special welding techniques and smaller plate 
thicknesses and could be appreciably raised if preheating 
were considered as part of the welding technique. Such 
\dification would be expected as a result of work which 
uld constitute continuation of the present program 


Discussion of Test Results and Indications 


As mentioned previously there is no generally accepted 
upper limit for the permissible hardness under the weld- 
bead as a measure of practical weldability. Practice 
varies, the hardness limit may be 350 Vickers if the 
structure is to be stress relieved, or it may be only 250 
or even 200 if the structure is not to be stress relieved 

Or the criterion may be whether or not cracks develop 

making the weld-bead tests or in bend tests there 

er. There is probably no specification in which a 
welding prac tice known to develop cracks would not be 

ited as inapplicable. On these bases, we may consider 
the indications for the application of the data in the re 
port to Committee II to welding practice 


Vaximum Hardness in Weld-Bead Tests 


In the tests on 3-in. beads applied to plate at SO” F. 
the maximum hardness developed in the Group I steels, 
designated as 1R, 15 and IC, 1s only slightly over 200 
Vickers, even in the thickest plate With '/.s-in. beads 
le maximum hardness is 300 Vickers and this value in- 
ludes the tests made on plate at 10° F. There seems no 
yasis for questioning the weldability of this series of 
steels in plate thicknesses up to 2 in. and at temperatures 
down to 10° F. 

In the Group II steels, increasing the plate thickness 
causes some of these steels to develop hardnesses in ex- 
cess of 350 Vickers under a 3-in. bead: these hardnesses 
ire found in a greater number of specimens when the 
tests are made on '/»-in. bead, and the trend is for more 
of the steels to develop this hardness as the temperature 
is decreased to 10° F. 

For tests made with 3-in. beads at 80° F., steels 2R, 
2S and 2C do not exceed 350 Vickers in any plate thick- 
ness up to2 in. However, in the case of 2F this value is 
exceeded for plate thicknesses of 1 in. and 2 in. Steel 
Casting 2X was close to this limit, 345 Vickers, in the 1- 
in plate. 

With '/s-in. beads 2R is below this limit in all plate 
thicknesses but in the 2-in. plate it was close to it at 348. 
Steels 25, 2C, 2F and 2E are below this limit in plate 
thicknesses up to '/, in. but above it for 1l-in. and 2-in. 
plates. Cast steel, 2X, is at or above this limit for plate 
ucknesses of '/. in. and greater. ‘This seems to indicate 
that the Group II steels are marginal, i.e., the thinner 
plates such as '/, in. and '/- in. can generally be welded 
a temperature of 80” F., but in most of the thicker 
ites there would be some danger. These relations are 
urly well brought out in the relations of maximum hard- 
ness to carbon equivalent and plate thickness. In some 
cases only slight preheating would reduce the maximum 
hardness to a value below 350 and presumably only 
moderate preheating would be sufficient to make all of 
these steels do so. 


17 


In the Group III steels, for the 4-in. beads, on plate 
at 80° F., 3C, 3F and 3E do not develop hardnesses in 
excess of 350 on in. plates, but for thicker 
plates the hardness is near or above this value. In the 
case of 3X, 350 was developed in '/2-1n. plate. Wuth the 
'/>-in. beads only thi in. plates were under this limit 

In Group IV steels, only one material—4F in ‘/,-in. 
thickness—-gave a maximum hardness under 350 Vickers 
This seems clearly to indicate that if 350 Vickers is the 
top limit for acce pt ible weldabiiity, all of the materials 
of this group should be preheat d at all thicknesses above 
1/, in. 


1 


Relation of Carbon Equivalent to Maximum Hardness 


A fair relation has been found between the carbon 
Mn 


) and the maximum hardness de 


equivalent (c + 


veloped in the weld-bead test; and in the relation to 
plate thickness, plate temperature and the maximum 
hardness. With '/,-in. plates and beads deposited at 


] 
} 


SO” F , in no cast did a hardness of over 300 Vix kers de- 
velop and only steel 4] with a carbon equiy ilent of 
about 0.60, showed a hardness over 250 Vicker Under 


similar conditions with in. plates, hardnesses in ex 
cess of 350 Vickers were found in steel 
lents of about 0.57 and above, and 
Vickers were found to begin with carbon equivalents of 
only slightly over 0.40 

With l-in plates hardnesses in excess of 350 Vickers 
were found with some of the Group III steels and started 
with carbon equivalents of about 0.47. Hardnesses in 
excess of 250 Vickers were found with carbon equivalents 
of about 0.37 and higher 


iardnesses of 250 


excess OT 5690 Vickers 


With 2-in. plates, hardnesses 1 
were found with carbon equivalents of about 0.42 and 
above, and hardnesses of about 250 Vickers were found 
with carbon equivalents slightly under 0.35 

Thus the indicated carbon equivalent limits for keep- 


4 
‘low maximum Vickers hardness of 350 and 250 


ing be 
for different plate thicknesses under the conditions repre 
sented in these tests are as follows 
Plat In Is l In 2 In 

Carbon equivalent for 

hardness under ). 65 0.5 0.40 
Carbon equivalent for 

hardness under 25 0.48 0.4 0.35 0.32 


Obviously all of the above indicated « irbon equivalent 
limits will be lower if the plate temperature is materially 


lowered. It is also clear indicated that higher hard 


nesses are developed u in. beads. It is apparent that 
changes in welding techniques will change the above in- 
dicated limits Procedures which cause less general 
plate heating will lower the limits and those which cause 
more general plate heating will raise them. Stated 
another way, the steeper the temperature gradient in the 
plate the more rapid the cooling, and consequently the 


higher the hardness in the heat-affected zone 

There are indications that Grossmann’s* method of 
calculating the hardenability of steels from the chemical 
composition may be applicable for predicting the maxi 
mum hardness obtained in weld-bead tests and in weld 
ing. Presumably, such a method may have ad\ 
Mn 


i 


over using the carbon equivalent C + Jas has been 


done in the Battell re port, because (Grossmann 
method would take into consideration additional elements 
and would be particularly advantageous in the case of 


* Grossmann, Hardenabdili Ca aled from Chemica! Composili lech 


Pub. No $37, A.I.M.f 1942 


1942 WELDABILITY OF CARBON-MANGANESE STEELS 449- 


rs 
1S 
re 
+t 
Se 
ty 
ry 
) 
| 
~ 


significant amounts of adventitious elements such as 
chromium, copper, nickel and molybdenum. For the 
essentially plain carbon steels, it is likely that silicon is 
the only element which should be considered because it 
has a factor of 1.15 which is greater than for copper, nickel, 
chromium or phosphorus. There are indications from 
the Battelle report that the rimmed and semi-killed steels 
of Groups I and II give lower maximum hardnesses than 
the killed steels of the same carbon equivalents and this 
may be attributed to the higher silicon content of the 
latter. 


Steel Castings 


Examination of the various graphs in which the aver- 
age maximum hardness values were plotted against 


Mn\. .. 
carbon equivalents (c + > ) indicates that the cast 


steels are in fairly consistent relation to the wrought 
steels. The general trend, however, was for the cast steel 
to show somewhat higher average maximum hardness 
values. This is probably to be accounted for by the 
higher silicon contents of the cast steels; for example, 
the silicon contents for 2X, 3X and 4X were 0.30, 0.54 
and 0.41%, respectively. On the other hand, the silicon 
contents for the corresponding wrought steels were ap- 
proximately 0.20%, except 3C which was only 0.12%. 
Thus, there was a substantially higher silicon content in 
the cast steel, especially in 3X steel, than wrought steels 
3C and 4F. The grain sizes of the steel castings may also 
have been a factor. 


Experimental Steels 


The experimental steels 2E, 3E and 4E seem to fall 
in line with the other wrought steels. It may be pointed 
out, however, that two of the experimental steels were 
somewhat higher in silicon than the corresponding 
wrought steels; the silicon contents for the experimental 
steels 2E, 3E and 4E being 0.24, 0.29 and 0.29%, respec- 
tively. 


Indicated Relation of Cracking 


The data indicate that the development of cracks in 
the weld-bead tests is a less serious restriction than the 
development of a hardness in excess of 350 Vickers. 


Again, all of the steels of Group I would be out of the 
danger zone even down to a temperature of 10° F. [py 
the case of Group II steeis, the only crack found in welds 
made on plate at 80° F. was in 2S with '/-in. bead on a 
2-in. plate. It should be noted that no other crack was 
found in tests of this material (2S) even at a plate tem 
perature of 10° F. In the tests made on plate at 10° FP. 
cracks were noted in 2C and 2F with '/:-in. beads on |- 
in. plate. 

The Group III steels are found to be marginal; some 
pass while others show cracks. Steels 3C and 3F at 
80° F. developed cracks only in 2-in. plate but developed 
cracks in 1-in. plate at 10° F. Steel 3E developed cracks 
under '/,-in. beads in l-in. plate at 80° F. and under 
both the 3-in. and '/»-in. beads on 1-in. plate at 10° F. 
The steel casting 3X developed cracks in 1-in. and in 2 
in. plates. 

In Group IV steels no cracks were found under 3-in, 
beads on '/,-in. and '/2-in. plates deposited at 80° F. 
In all other conditions cracks were found. An essen- 
tially similar relation is found for 4E and 4X which were 
not tested in plates thinner than '/, in. and developed 
cracks in all of the thicknesses tested both at 80° and 
10° F. 

This seems to show a fair correlation with the results 
of the hardness tests and again indicates that the Group 
[V materials require preheating in thicknesses above ! 
in. and possibly above '/, in. 


Weld-Bead Bend Test 


There are some data from the weld-bead bend test 
which suggest that welds having hardnesses in excess of 
350 Vickers have considerable ductility as judged by the 
angle of bending before cracks develop. For example 
steels 4F and 4E withstood angles of bending of 180°, 
about a diameter of 1'/» in. (the capacity of the fixture 
without cracking when the bead had been applied under 
conditions which had developed hardnesses of about 400 
Vickers in the weld-bead hardness tests. In the final bend 
ing, these two specimens showed elongations of about 
25% in a l-in. gage about the center of the bead before 
cracking occurred in the weld metal. This test gives uss 
ful preliminary information but does not appear ade 
quate for complete evaluation. 


Weldability of Carbon-Manganese Steels: Weld- 
Bead Hardness and Weld-Bead Bend Tests 


By Oscar E. Harder and C. B. Voldricht 


Introduction 


HIS report presents the results of weld-bead 
hardness tests and weld-bead bend tests. Ten 
types or grades of commercial rolled steels, three 


* Based on a report dated April 20, 1942, from Battelle Memorial Institute 
to Committee II, Industrial Research Division, Welding Research Committee 
of The Engineering Foundation To be presented at the Annual Meeting, 
A.W.S., Oct. 12 to 15, 1942 

+t Assistant Director and Welding Engineer, respectively, Battelle Memorial 
Institute, Columbus, Ohio. 


grades of experimental steels and three grades of stce! 
castings have been available for these studies. The 
commercial rolled steel plates were available in four 
thicknesses, '/,, '/2, | and 2 in.; the experimental steels 
in two thicknesses, '/, and | in.; and the steel castings 
in three thicknesses, '/s, | and 2 in. 

Weld-bead hardness surveys have been made for 3-1! 
and '/,-in. beads. All of these materials have been tested 
with the beads deposited at an initial plate temperatur 
of 80° F. in all the plate thicknesses, and all of the ma 
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ferials have been tested with initial plate temperatures — 
to 10° F. for 1-in. plate thickness and steel 2S has been Table 1—Type and Specifications for Steels f 
tested in all plate thicknesses. 
he results reported must be considered as somewhat Steel Chemical Composition - % Grain 
preliminary because duplicate or check tests have not Type : - . : 
made and only one section of the specimens has iii aa 
studied in the hardness surveys and 1n the examina is .03<.09 maxe 
or the occurrence of cracks. It was the wish of 1c 48 o15-.28 2025-.040 max. Coarse 
( mittee II to have the work conduc ted in this way in 26.30 2040 max. 
er to give a general picture ol the relation of carbon 2c 2025-.040 .040 max. 
manganese content, plate thickness and welding 2F 226-630 260- 025=.040 040 max, 5-8 
3c 35 290-11 2025-.04 0040 max. 
temperature to the hardness developed in the heat max 
ted metal and the development of cracks Che 4 1.50-1. 2025=.040 4040 mare “4 
ertain cases it is indicated that some of the results 9040 max. 
ld be checked. 45 38 1.50-1. 0025-040 maxes 
9 0 . . MAXe MAXKe 
Weld-bead bend tests have been made on '/»-in. plates ex 26-050 
of all of the rolled and cast materials, using an initial 4x 1.5001. 70 205 005 maxe : 
plate temperature of 80° F. The funds available for this 
work did not provide for making the tests on other * The numerals 1 to 4 indicate the carbon level or range. The letters have the follow- 
7 ing meaning 2 rimmed er killed co fine-grained; “E,” 
thicknesses ol plate or on plates at 10 F ntal he und tes asting — 
Materials 
Steels the check analyses. That, in general, was due to some 
slight variation in the composition of the plates or billets 
The types and specifications for the steels selected by 
: used by the steel company 


Committee II for this investigation are shown in Table 1. 


| 


hese specifications were used in placing the orders for 

the steels, and, in general, the steels received conformed 

to these specifications or at least were sufficiently close 

it they were approved by the committee in charge of 

the work. The distribution of these various types and 

grades of steel, with reference to the carbon and man 
inese contents, 1s shown in Fig. | 


+h 


In most cases the steel manufacturers supplied com 
plete data with reference to the charge, melting and de 
oxidation practice That information is not being in 
cluded in this report and is being held confidential at the 
present time, but it 1s available for consideration in the 
interpretation of any apparently unusual behavior of the 


steels 


. ; Table 2 shows the number and sizes of plates of the 

Steel 4C has not been received. One steel company tal of ti 

variol ypes. approximat ran otal « ‘ 
made two attempts to produce a steel of this type but 


was unsuccessful. An order for this material has been 
left open but it 1s doubtful if it will be received. 

[he steel mill analyses of the various materials are 
given in Table 3. In most cases the data in this table 
show the ladle analyses and then check analyses which 
are more in detail and were made on the finished plate or 
billet. Im some cases a range in analyses is shown for 


weight of steel is 104,600 Ib 
steels except one type wert 


All of the commercial rolled 
purchased from the steel 
companies with funds for this research Che expert 
mental steels were also purchased but the steel castings 
were contributed by the Steel Founders’ Society 

Each plate of rolled steel was sampled by taking drill 


0.40 Table 2—Plate Sizes and Quantities 
inche Potal 
Group IV Steel Lx : Weigl 
ype 36x72 96x72 36x36 
IR 8 11,148 
0.30 1c é 1] 
= 2] ? 6,57 
3C 2 10.88 
fi (0.20 3F 6,4 
Q& Rimmed Steels (R) iC g 9 On order 
A Semikilled Stee ) 21 
© Coarse Grain 
eels (C) Total 06 018 
= @ Fine Graig te 
4 teels (F) 
0.10 0 Experimental 6x7 f f 
t 
Cast Steels (E) OF ann 
Steels (x) 3E ADI 
Shaded areas represert | +E Approx 1 
the range of specified 
0 C and Mo contenta, Tota 100 
0 0.50 1.00 1.50 2.00 
2X 12 2 Appro 
MANGANESE CONTENT, PER CENT 3X 12 2 App "9 
Fig. 1 eldability of Carbon-Manganese Steels 1X ; 
steels accoraing irpon anda mangar Grand ‘tal 14 
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6h" 7-5/8" 5-7/8" 
Table 3—Steel Mill Heat and Check Analyses — ~ 
si, 3h\ 34 3h | 
Steel Chemical Composition, % } | 2 
Check 421 2004 4027 018 0052 4024 ah Harness | 
is = 21 ---- 034 2017 (80°) 
Check .21 245 2035 202 202 202 “2 
1C 422 239 2040 V-Notch | 
Check 239-940 olSmel? 012,014 .020-.026 Impact | 
2R 028 254 2040 2010 A2 B2 E3 
Check .28-.31 .49-,51 Trace 2037-2039 027-029 .038-.057 Bead Bead V-Notch 
id Hardnes$ Hardnesq Impact 
28 428 269 — 2035 +010 Se) +—| (80°) 
Check 4.26 2036 2035 2014 202 203 201 Ale nC 
2c 029 223 2035 2013 7 V-Notch | Reserve 3| 
Check 065-467 4199.20 .032-,039 .012-,014 .14 07 2054 
-28 .69 2h -022 -017 
275 220 +040 +019 | cl jc2|m | v2 F2 
Check .26=.31 .76=.77 40309040 220-523 .025-.058 Bead Bead V-Not ch 
©) Bend Bend Bend 
3c woo ---- J (80°) (10°) 
Check .31 95 210 205 210 is 
£33 1.19 .29 039 .019 F3 
35 +90 +00 | | V-Notch | 
Check .33 288 2030 223 210 Trace ™ | Bend | 
4c (On Order) | | } 5 
1.62 .29 0% .027 rH. 
4F 232 1.49 2031 2019 a V-Not ch 
Check .31l-.36 1.48-1,53 2030-034 .014=.018 010 208 = 
2x 228 268 230 2039 2026 210 201 202 | A 
= 1.00 254 2022 2035 205 203 | T 
| Tension 
4x 1.55 2038 2025 Trace 206 215 ai 
I> Tee Bend + 
Be 
ings at one corner atid at the middle in the transverse 2 | Reserve 
direction and combining them for the carbon and man- 2 
ganese determinations at Battelle. Table 4 gives the | = 
carbon and manganese contents for the plates which have = | 
been used in the present investigation. Chemical analy- | AL} ‘ 
ses for the steel castings were furnished by the manu- Ss aI 
facturers and they have not been analyzed by Battelle. | | icicle 
The grain sizes for all of the rolled steels on which there i ccm Gram Size 
was a grain size modification were determined by the y na — *. 
manufacturer and checked by Battelle. In all cases the ome 
grain size was found to be within the specified limits Fig. 2—Location of Weld Specimens in 36 x 72-In. Rolled Stee! 
shown in Table 1. Plates - 
Table 4—Battelle Chemical Analyses of Plates Used in Weld-Bead Hardness and Longitudinal Bend Tests 
on 
Plate Thickness, 4 Inch Plate Thickness, 4 Inch Plate Thickness, 1 Inch Plate Thickness, 2 Inche 
Steel Plate Carbon, Mange, C+in/6, Plate Carbon, Mange, C+hin/6, Plate Carbon, Mange, C+iin/6, Plate Carbon, Mange, ‘i 
Type Number % % Number % % % Number % Number % % 
1R 1R1 225 045 e352 1R10 244 032 1R22 e2l 242 28 1R26 e235 045 
1S 181 024 245 032 1$10 «19 042 026 1822 222 043 029 1826 e21 042 
1¢1 025 251 1010 +24 0357 250 1C22 225 29 1026 225 
2R 2R1 230 048 258 2R10 048 259 2R22 200 049 258 2R26 226 05 
2S 281 258 240 2810 027 057 037 2822 e29 2826 028 
2c 201 2350 064 2C10 052 065 043 2C22 50 65 «41 2026 230 «66 A 
2F 2F1 230 076 245 2F10 e29 042 2F12 29 042 2F14 250 ‘ \ 
al 
3c 3C1 297 049 3C10 297 249 3C22 230 294 246 SC26 wy 
3F SF1 239 250 3F10 056 290 251 3F22 56 258 «51 SF26 036 
el 
4F 4F1 062 4F10 254 1049 059 4F12 032 1-51 057 4F14 eo pe 
ome 2E1 028 240 2E4 028 069 40 one --- 
SE ooo aoe ene 054 1016 3E4 234 1616 Seo 
4E --- --- --- --- 4El 054 1061 4E4 055 1.61 260 --- --- — 
2x1 228 39 2X13,14 28 268 239 2X25 228 
3X1 231 1600 048 3X13,14 31 1,00 048 3X25 
one 4x1 1055 4X13,14 31 1.55 57 6X25 le! P 
* Chemical analyses as reported by manufacturers for entire heat n 
h 
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and then cooling in still air Che scale was then removed 
from the plates by shot blasting. The steel castings had 
3% \3% been heat treated and shot blasted by the manufacturers 
‘id | The details for the size of specimen, length of beads 
tT 29 | and section to be examined for hardness in the weld-bead 
ph | hardness tests are shown in Fig. 5. Similar details for 
bead-bend t sts ar mown in Fig. 6 
4 Hardness |Hardness Hardness | Hardness Ibe be ad deposits wert made wi h the plate in the flat 
. (80°) (80°) (10°) (10°) position using a d.c. current of 175 to 185 amp with a 
“ voltage of 25 to 28 and with the electrode posit ( The 
i. A welding speed was 5 in. per minute with the result that 
the arc tim? for '/s-in. beads was 13 sec.; for 3-in. beads, 
1 | a |e a | | $ 42 sec.; and for 6-in. beads, 78 sec. The initial plate 
Tension | Bead Bead sec., and for O-in. beads, 15 Se le initial pk 
Bend Bend | Reserve Reserve temperature of 80° F. corresponded closely to laboratory $ 
31 | wr | ee 2 temperatures at the time the beads were made, but for 
| 
| 
S| | 
| 
> Reserve : Reserve | Midsection of 
Fig. 3—Location of Weld Specimens in 36 x 36-In. Rolled Steel 
2", 1° & 2" Plate 
— aa | 4 
63" 14 3-1/a" 3-1/8" | 
L 4 6" 
| 
Bead Bead Bead | | a) Weld specimen ai ls Hardness test specimer 
Hardness Bend Bend 
| | Fig. 5—Specimen Details for Weld-Bead Hardness Tests 


Reserve 


3-1/2" 


| 
| 
| 
| 
“| Reserve | | 


| | 
| | | | 
Li 1 | | Midsection 
Fig. 4—Layout of Weld Specimens in 8 x 18-In. Cast-Steel a | NK eads 
Plates «| Y a | | 
| | 
elding Electrodes j | | 
The welding electrode selected by the Committee was . 4 3 | &| | 
A.W.S. and A.S.T.M. E-6010 all-purpose electrode ip! | | 
Wilson 98-N). The electrode used was */j in. in di- iB | | | ; 
ameter and the manufacturer's analysis for the core wire Bl | 
was C 0.13, Mn 0.53, P 0.008 and S 0.023%. The [ | -- | 
electrodes were purchased in a 600-lb. lot and were re a = | | | \ 
ported to have been made from the same heat of steel. y a | | | | ay 
Testing Methods 
The rolled plate was first flame cut as shown in Fig. 2 | 
lor the 36 x 72-in. plate, and in Fig. 3 for the 36 x 36-in. . 3 > ae J 
plate. Figure 4 shows the layout for the cast steel plates. mn : 
lhe rolled plates were normalized by heating approxi (e) Tet See 
mately at 100° F. above the upper critical temperature, Fig. 6—Specimen Details for Longitudinal Weld-Bead Bend 
holding at temperature for 30 min. per inch in thickness Tests 
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10-Kg-+ VICKERS (30 sec.) SPECIMEN NO. 187 Details for making the weld-bead hardness surveys any; 
l STEEL: 2R a typical set of data are shown in Fig. 7. 
we OE — 1/2" Plate, 80°F. In order to show the section of the deposited metal] and 
<> the extent of the heat-affected zone, sections of the weld 
14008 | bead hardness specimens were polished, etched with 5°, 
4 ammonium persulphate, and then with 2°% nital, and 
2 
% BEAD a Figure 7 (A) shows the specimens of the ! wrought 
0.2, | spaced at 0.02" “Psp steels. Those at the left show sections of 3-in. beads 
9 while those at the right show sections for '/»-1n. beads 
\ 8 all Che extent of the heat-affected metal was greater in the 
0200 8 case of the 3-in. beads than 1n the case of the '/s-in. beads 
ARNRANNNKRARAANNANKNARRAS Figures 7 (B) and 7 (C) show simular sections for !/5-in 
4 plates, and in these figures the sections for the exper; 
Hy LDIE_D'E'F' LINE AB L mental steels and the cast steels were also availabk 
Point Diag} Diag Av. | VICK Point| Diag Diagi Av.| VICK Point) Di Diag! Ay. VICK Figure 7 (B) is for 2 in beads while Fig 7 4 is for 
7 Tt '/,-in. beads. Again, the heat-affected zone is mor 
Dt D +530 extensive with the 3-in. beads than with the '/»s-in. beads 
2 A 307 | 305 | 306/ 19 31 320; 319; 16 ° 
30a 300 302 | 203 298 [304 | S01] 205 E | 505 | 300] 194 However, in some cases the etching characteristics of 
295 | 295 | 204 | 215 295 | 297 | 296) | 296} 296 212 the heat-affected zone indicate microstructures of higher 
306 | 305 | 3051-199 208 | 295 22) 306 | S08] 202 
311 [321] 321) 192 287 | 293 | 290] 221 308 | $11] 310] 193 
318 | 318] 183 289 | 291 | 290! 22) Sil | 313] 169 
| 324 | $32] 172 286 | 282 | 264| 230 F | 329] 835} S52] 168 
278 | 281 | 280| 237 
300 | 303 | 302] 203 _| 
308 | 309 | 3091 194 
4 B_ [310 | 302] 306/ 197 | 
300 | 307 | 304] 200 - 
289 | 294 | 292} 218 
286 | 264 | 265) 
Ding’ av. | VIC) 290 | 204 | 216 
368 | 568 366! 157 295 | 287 | 291| 220 
364 | 366 | 365) 140 293 | 291 | 292] 218 | 
363 | 369 | 361] 143 296 | 301 | 208 
$02 | S01 | S02] 205 
a 304 | 297 | 205 
WELD METAL 305 | S07! SoG! 197 
315 S237 3197 182 
s |315| 317] 316] 185 


Ra Time: 1 hr. 50 min. 


Fig. 7—-Typical Data for Weld-Bead Hardness Survey 


tests at 10° F. the plates were immersed in carbon tetra 
chloride, cooled with dry ice until a temperature of about 
cf +8° F. had been obtained, and welding was begun within 
one minute after removal of the specimen from the bath. 
All plates were insulated from the welding table with 
'/,-in. asbestos pad. Ground connections were made at 
both ends of the plate on the upper surface. After weld 
ing, the plates were placed on edge and allowed to cool 
to room temperature in still air. 
The specimens for hardness tests were cut as shown 
in Fig. 5 and ground to produce smooth parallel sides. 
They were then polished with emery paper, beginning 
4 with size 1SOX and continuing to size 000, after which 
they were wet polished with fine alumina to remove 
scratches and to give almost a metallographic polish. 
The polished specimens were etched with a 4% solu 
tion of picric acid and alcohol (Picral) by swabbing until 
the junction of the weld metal and the heat-affected metal 
was revealed. This usually required about 30 sec. In 
some earlier work, the specimens were etched first with 
3 5% ammonium persulphate to reveal the weld metal and 
: then with 2% nital to show the extent of the heat 
affected zone. This procedure was quite satisfactory for 
showing the extent of the heat-affected zone and showing 
the structure of the weld metal. However, too much 
roughening of the surface resulted so that satisfactory 
hardness readings with the Vickers instrument using a 
10-kg. load could not be obtained. Reasonably gdod 
results were obtained, however, using a 20-kg. load. All 
of the work included in this report is based on the use of 
well-polished, lightly etched specimens on which hardness 
determinations were made with a |0-kg. load applied for 
30 sec. 


Fig. 7 (A)—Sections of Weld-Bead Deposits on '/,-In. Plates alt 


Si 
Le beads: (right heads Oriai: 
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Fig. 7 (B)—Sections of Weld-Bead Deposits on '/,-In. Plates Fig. 7 )Sections of Weld-Bead Deposits on In. Plates 
iginal plate temperature 80° F. with 3-in. bead riginal plate ten } 
hardness under the '/.-in. beads than under the 3-in these specimens has been examined for cracks and it is 


be aqs 


possible that cracks would be found in still other speci 
As the thickness of the plate increased, the extent of mens if additional sections were examined 

the heat-affected zone decreased. Microscopic exami 
nation of the heat-affected zones should show correlation 
between microstructures and maximum hardness de 
Ve loped 


Results of Weld-Read Hardness Tests 


Each specimen was tested in the hardness surveys as 


Weld-bead hardness specimens were examined as shown in Fig. 7 The data for special interest in the 
polished, first by visual inspection and then by using present study, however, included only the maximum 
hand lens and finally a binocular microscope, with a hardness developed in the heat-affected zon Table 5 
magnification of about 20 X. They were again examined shows the maximum hardness values for 3-in. and for 
alter etching and after making the hardness tests. In ‘'/:-in. beads for all of e materials in all of the thick 
some cases, cracks were produced in making the hardness nesses tested. The maximum hardness values under the 
tests. It must be remembered that only one section of bead and at the toe of the bead are both reported. Simi 
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Table 5—Maximum Vickers Hardnesses for Welds Made at 80° F. 


Steel Maximum Hardness for 3" Beads on Plates of Thickness Shown Steel Maximum Hardness for $" Beads on Plates of hicke 
Type Under Bead At Toe of Bead Type Under Bead Kt Toe of Beal 
1R 190 202 197 200 155 178 195 187 1R 198 237 22 257 177 197 212 ; 
is 186 190 228 212 187 ##+#17 +«&X°\4209 197 1S 195 193 235 250 164 187 a 
1¢ 231 202 226 £227 «319% 194 211 212 1 231 300 274 264 2120 224 
233 237 2% 2R 241 278. 292 348 ##208 #239 24 ,, 
28 248 217 4.266 292 2083 225 230 266 2 225 278 S75 401 216 243 29:0 x 
2c 221 240 302 312 218 218 262 270 2C 248 333 369 369 227 254 297 
2F 246 256 351 429 221 243 297 312 2F 268 345 413 455 233 287 327 
2E --- 232 287 --- ed 224 258 -<- 2E --- 278 369 --- --- 246 322 dea 
x 200 %st2 26 22 2x 381 437 348 297 35) » 
3c 252 272 345 405 252 245 302 373 sc 310 401 469 478 280 339 317 40 
SF 254 278 405 429 240 262 «345 369 3F $27. 509 262 405417 
4F 297 398 493 498 272 336 437 405 4F 468 536 514 520 413 464 464 455 
4E --- 417 464 --- --- 429 483 --- 4E 536 536 525 536 
4X --- 531 503 508 455 493 437 4X $36 52 485 --- S14 455 
lar data for the tests made on specimens welded at a These graphs show the marked difference in behavior 
plate temperature of 10° F. are given in Table 6. of the groups or grades I, II, III and IV steels and show a 
Tables 10 to 21 in the Appendix of this report give more marked increase in maximum hardness with increased 
extensive data and show the hardness of the base metal carbon and/or manganese contents. They also show th 
and the weld metal. These tables also show an average general trend for the hardness to increase with increase 11 
maximum which is the average of the maxima found thickness of the plate, especially with increase in thick 
under the bead and at the toe of the bead. ness of the plate from '/, to 1 in. In some cases there is 
Figure 8 shows the maximum hardness under 3-in. a further increase in hardness with increase in thickness 
beads, at the toe of 3-in. beads and the average maximum from 1 to 2 in., but the general trend is for this increas 
hardness for four maximum readings (two at toes and to be less pronounced, and in some cases there was a1 
two under the bead) for 3-in. beads for welds made at actual decrease in the hardness from the 1- to the 2-in 
80° F. Similar data for '/,-in. beads are shown in Fig. 9. plate. These cases are believed to be due to a slight 
MAXIMUM HARONESS | [ MAXIMUM HARDNESS AVERAGE MAX HARDNESS) MAXIMUM HARDNESS MAXIMUM HARONESS | JAVERAGE MAX HARONES 
UNDER 3 IN. BEAD AT TOES 3 IN BEAD K4MAX. READINGS) | UNDER 7 IN BEAD AT TOES g!N BEAD (4 MAX. READINGS 
3 IN. BEAD 2 IN. BEAD 
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SUMMARY GRAPHS OF MAXIMUM HARDNESS IN HEAT-AFFECTED METAL OF 
CARBON-MANGANESE STEELS. 


Fig. 8—Data for 3-Inch Beads 
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Fig. 10 


lifference in chemical composition or to lack of sufh 
iently extensive testing to find the maximum hardness 

the thicker plates. 

Figure 10 shows the effect of plate thickness on the 
the heat-affected metal under 3- and 

in. beads for the steels arranged in the four groups. 
Che data are plotted on the basis of the average maxi- 
mum hardness in the upper set of curves and the average 
increase in hardness in the lower set of curves. Solid 
circles show the values for the different groups of steels 
when the welds were made at 10° F. as contrasted with 
SO" F. shown in open circles and continuous lines 

It is obvious from that the maximum 
Iness dev eloped in group I steels is only of the order 
of 200 Vickers under the 3-in. bead and about 230 in the 


ise of the '/s-in. beads. There is relatively little effect 


hardness ol 


these curves 
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RE AND PLATE THICKNESS ON THE HARDNESS OF 
3 INCH AND 4!INCH WELD BEADS ON PLATES FROM HEAT 25 
F 77 
ig 
The group II steels show more 


and reach a maximum hard 


ness of 265 to 290 at the 1- and 2-in. plates, respectively, 
under 3-in. beads, and these values are increased 315 
to 325 under the '/»-in. beads. In the group III steels, 


the maximum hardn«e 
2-in. plates, respectively, 
stantially higher at 410 
The group IV steels are 


nesses, ranging from about 450 to 

On the basis of reports 
about the upper safe limit, some 
pected in the groups III and I\ 


steels show for the 3-in. | 
ness from the '/,4- to the 
of the order of 450 in the 
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ill higher in maximum hard 

190 Vickers 

naximum hardness 1s 
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cracking is to be ex 
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i marked increas 


Steel Maximum Hardness for 3" Beads on Plates of Thickness Shown Steel Maximum Hardness for =" Bea on Plates of Thickness Shown 
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METAL UNDER 3 INCH AND $ INCH WELD BEADS 


It is significant that with the '/,-in. bead, much higher 
hardnesses developed in the '/,- and '/s-in. plate than 
This is as might be expected be 
cause with the smaller heat input involved in the '/2-in. 
bead the plate temperature is only slightly raised and 
cool metal is able to effect rather rapid cooling of the 
heat-affected 


with the 


hardening. 


In the higher carbon and higher manganese steels, 
tested only in 1l-in. thickness, the maximum hardness 
values are substantially higher when the welds were 


3-in. bead. 


Fig. 12 


zone and, therefore, to 


cause 


040 045 G50 056 O60 O66 


excessive 


made on plates at an initial temperature of 10° F. 


These same general trends are shown for the increase 
in hardness in the heat-affected metal in the lower part 
The increase in hardness ranging from the 
order of 50 to 100 Vickers units for group I up 


of the figure. 


nearly 300 for group IV steels. 


Figure 11 


increase in 


maximum hardness value. 


hardness for 3 
plates at 80° F. 
generally a good correlation in which it is shown that the 
lower plate temperature results in a somewhat higher 
The effect of plate thickness 
is also shown for this steel, but the data in Fig. 10 clearly 
indicated that the effect of plate thickness is more pro- 
nounced in the steels of higher carbon and manganese 


shows the maximum 


and at 10° F. 


contents of groups III and IV. 


Because of the fact that it is generally recognized that 
the hardness produced in the heat-affected metal is due 
to the combined effects of carbon and manganese, a 
number of graphs have been prepared which show the 
relation of maximum hardness in the heat-affected metal 
and the increase in hardness in the heat-affected metal as 
a function of the carbon plus one-sixth of the manganese 
Published investigations have indicated that 
the effects of these two elements are about in that rela- 


contents. 


tion. 


Figure 12 
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shows the effect of carbon and manganese 
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EFFECT OF 


SARBON EQUIVALENT (C + ON HARDNESS IN HEAT 


METAL UNDER 3 !INCH WELD BEAD ON PLATES OF VARIOUS THICKNESSES 


Fig. 13 


ture for l1-in. plates on the hardness of the heat-affected 
metal under 3- and '/»:-in. weld beads for plate temper 
atures of 80° and 10° F. All of the materials which have 
been studied are included in these graphs. The solid 
markings are for materials welded with initial plate 
temperatures of 80° F. while the open markings are for 
10° F. These charts also show whether or not cracks 
were detected and those specimens which developed 
cracks are indicated by a (+). 

The upper set of charts shows the maximum hardness 
for 3- and '/s-in. beads. The general trend for the 
increase in maximum hardness with increase in the car- 
bon content plus one-sixth the manganese is quite con 
sistent. There is also a consistent relation, at least in 
most cases, of the higher hardness developed when the 
initial plate temperature was 10° F. as compared with SO 
F. If any hardness level, such as 350 Vickers, is selected 
as the safe maximum hardness, then it is possible to 
make rather definite classifications of the steels int 
those which are below this value and those above. In 
some cases changing the plate temperature from SO to 
10° F. shifts the maximum hardness from below to above 
this value. As has beet indicated in the previous dis 
cussion, the maximum hardness found under '/>»-in 
beads is generally higher than under the 3-in. beads. 

The lower set of graphs shows the increase in hardness 
in the heat-affected zone as compared with the hardness 
of the base plate for 3- and '/»-in. beads. Again, the 
increase in hardness is plotted as ordinate and the carbon 
equivalent as abscissa. The relation is quite con 
sistent and again it is found that the increase in hardness 
is greater when the plate temperature was 10° F 
contrast with 80° F. 

Figures 13 to 16 show further relations between th 
maximum hardness in the heat-affected metal and the 
increase in hardness in the heat-affected zone with th 
carbon equivalent. 

Figure 13 brings out the relation of the maximum hard 
ness in the heat-affected metal under 3-in. beads 
plates of various thicknesses. It will be noted that for 
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TOF CARBON EQUIVALENT (C + 42) ON INCREASE IN HARONESS IN HEAT- EFFECT OF CARBON EQUIVALENT (C+) ON HARDNESS IN HEAT-AFFECTED METAL UNDER 
TED ME TAL UNDER 3 INCH WELD BEAD ON PLATES OF DIFFERENT THICKNESSE t N T J T ANE Sot 
Fig. 14 Fig. 15 
in. plate the hardness shows a general increase with Relation of Carbon Equivalent and Plate Thickness to 
the carbon equivalent, but that even with steel 4F the Vaximum LHardnes 
maxim ‘as ‘kers e 
4 In From the data and the above discussion, it is evident 
trom the raps that a fair relation has been found between the carbon 
of the heat-affected zone becomes obvious an 
ll of the group IV steels have hardnesses of over 350 equivalent {C + ) ind the maximum hardness q 
| Vickers. Similar relations are found for the 1- and 2-in \ 0 
plates and with these thicker plates the marked increase developed in the we Id-bead t for a given plate thick 4 
. na th 11m hardness incr ses \ } 
; n hardness is found in three of the group III materials "€SS and that the maximum hardness increases with the 
which gave maximum hardness values in excess of 350. 
it may be pointed out that there appears to be an un faa on i 
expected relation for steels 3C and 3F because the fine ssok WELD BEA | 
grained material showed substantially higher hardness, 80°F 
en more than would be anticipated from its carbon M ex bes 
equivalent. A somewhat similar relation is found for 
1 2C and 2F. These same relations are found in the tests as ‘ “ ‘ 
n the 2-in. plates although the difference between 3C - 2x ; 
F 1s less marked. Thus the data available suggest x so > om ; 9 
the fine-grained steels have just as high harden 
ibilities as the coarse-grained steels ig 2Re Pac 
Figure 14 shows the relation of imcrease in hardness in > + INDICATES CRACK + INDICATES CRACK 
the heat affected zone as a function of the carbon equiy 3 000 060 006088030 040 048 
for four plate thicknesses The relations brought z 
ut are quite similar to those just discussed for the maxi = sot 4° WELD BEAL WELD BEA 
S n hardness wee 
rigures 15 and 16 are comparable to Figs. 13 and 
respectively, but relate to '/»-in. beads instead of 5-in | 
n beads. A significant result was found in the '/,-in. plate = 200} oor 200 
which developed a high hardness for material 4F (435 
a 50 s 2m 50 
Vickers) and showed cracks. In the plate, itis ¥ 
n lound that all of the group III steels developed hard- 
of er 
es in excess of 590 \ ickers. ‘a 
\s has been brought out in previous discussions, the + INDICATES CRACKS 
¢ bead regularly develops a higher hardness in the 025 030 035 040 045 OS $030 0% 040045 080 088 060 O68 
he iullected metal than the 3-in. bead rhe result is 
that f there is a fixed hardness level above which it is , 
idered unsafe to use welding, this value is reached EFFECT OF CARBON EQU!VALE +2) ON INCREASE IN HARDNESS IN HEAT- 
with lower carbon equivalent when the tests were made = AFFECTED METAL UNDER 4 INCH WELD BEAD ON PLATES OF DIFFERENT THICKNESSE 
t with in. beads Fig. 16 
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Table 7—Occurrence of Cracks in Heat-Affected Metal Adjacent to Weld Beads 


Weld Bead Deposits at 80° F. Weld Bead Deposits at 10° Fe 


Plate $" Plate 1" Plate 2" Plate 2" Plate Plate 1" Plate 2" Pilate 

Type 3" Bead $" Bead 3” Bead 3” Bead 3" Bead 3” Bead 3" Bead 3” Bead 3” Bead $" Bead 3” Bead $" Bead 3” Bead }" Bead 3" Bea Beas 

1R No No No No No No No No -- -- ae os io No -- a 
1S No No No No No No No No -- -- -- oo No No aan x 
1c No No No No No No No No -- -- -- -- No No -- = 
No No No No No No No No ae -- -- oo No No om ae 
2s Wo No No No No No No x No No No No No Wo No r 
2c No Ne No No No No No No -- No x -- 
2F No No No No No No No No -- -- -- -- No xx -- ra 
3c No No No No No No xX x x xx 
oF No No No No No No No Xx -- -- -- -- x xx _ _ 
4F No xX No xX x xX xX Xx -- -- -- -- xx xx _ os 
2E ae ao No No No No -- -_ - oo - -- Wo No -- - 
SE -- -- No No No x -- -- -- -- = -- xX xx _ ve 
4E -- -- No x x xx -- -- -- -- xx xX 
2x -- =: No No No No No No -- -- ~ -- No No -- ws 
Sx -- -- No No No xs xx No -- -- - -- No x -- -< 
4x -- -- x xX xx x x -- -- -- -- x xx 

No = no crack XX Crack visible before hardness test X = Crack visible during or after hardness test 


plate thickness. It is, therefore, of interest to examine are indications that the rimmed and semi-killed steels of 
the data available at this time to find out the indicated groups I and II give lower maximum hardnesses than the 
approximate carbon equivalent limits fe or keeping below killed steels of the same carbon equivalents and this may 

such maximum Vickers hardnesses as 350 and 250 for be attributed to the higher silicon content of the latter 
the different plate thicknesses. Under the welding 
conditions used in these tests with 3-in. beads and for All of tl ' ¢] ld-bead hard 
no of the specimens used in the weld-bead hardness 

original plate temperatures of 80° F., the following 
surveys were examined for the occurrence of cracks 

relations seem to be indicated: 

These examinations were made on polished and on 


Occurrence of Cracks in Heat-Affected Metal 


— 
; ‘ iVlé nuicauon i2 
Plate thickness 1/,In. '/2In. 1 In. 2In. (A fagnifica 

under 350 0.65 0.55 0.45 0.40 
Carbon equivalent for hardness et ee i 

under 250 0.48 0.40 0.35 0.32 - ‘hd, 


Obviously, all of the above indicated carbon equivalent 
limits will be lower if the plate temperature is materially 
lowered. It is also clearly indicated that higher hard- 


nesses are developed in '/-in. beads. It may be assumed as? 
that changes in welding techniques will change the above , ; 


indicated approximate limits, with procedures which 
cause less general plate heating lowering the limits and 
those which cause more general plate heating raising 
them. Stated another way, the steeper the temperature 
gradient in the plate the more rapid the cooling, and con- 
sequently the higher the hardness in the heat-affected 


zone. 
There are indications that Grossmann’s* method of $ : 

calculating the hardenability of steels from the chemical ij ; “ES : 
composition may be applicable for predicting the maxi- 
mum hardness obtained in weld-bead tests and in weld- -. Pitt < Oe 
ing. Presumably, such a method may have advantages 
over using the carbon equivalent (c + because 4 
Grossmann’s method would take into consideration 
additional elements and would be particularly advanta- 
geous in the case of significant amounts of adventitious 3, ; 
elements such as chromium, copper, nickel and molyb- 
denum. For the essentially plain carbon steels, it is A ae ee 


likely that silicon is the only element which should be ; , \e 
considered because it has a factor of 1-15 which is greater 
than for copper, nickel, chromium or phosphorus. There (B) Magnificat 
Fig. 17—-Cracks in Steel 4F in Weld- ‘Bead Hardness Test: 


* Grossmann, “Hardenability Calculated from Chemical Composition,’ in 
Tech. Pub. No. 1437, AI.M.E., 1942 Original plate temperature 80° F. with 3-in. bead on 2-in 
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Fig. 18 Cracks in Stee] 2F in Weld- Bead Hardness Tests 
riginal plate temperature | F. witl n. bead on 1-i plate. 


etched surfaces before making the hardness surveys and 
again after making the hardness tests. Examination was 
irst visual, then with a hand lens and finally with a 
unocular microscope at a magnification of 20 X. These 
results are given in Table 7 and in Figs. 12 to 16 

lhe data in Table 7 show the results of the examination 
lor cracks in all of the materials studied for deposits made 
n plates at 80° F. and 10° F. for four plate thicknesses 
ind for 3- and '/»-in. beads. The presence of cracks 
before hardness testing is indicated by (XX) and the 
presence of cracks after hardness testing by (X). In the 
latter case, it is believed that the small cracks observed 
were procured by the indenter in making the hardness 


7 


test. The presence of cracks, shown in Figs. 12-16, is 
indicated by (+) at the point for the maximum hardness 
on the graphs. Only the cracks found before the hard- 
hess tests are shown on these graphs 
lustrative photographs of cracks are shown in Figs 
ind 18 Figure 17 is for steel 4F with the 3-in. bead 

lied to 2-in. plate at an original plate te mperature of 
SO" F. Figure 17 (A) is at a magnification of 12 K and 
shows the position of the crack in the heat-affected metal 
and how it follows the contour of the weld metal. Figure 
B) is at a magnification of 100 XX and again shows 
the position of the crack in the heat-affected metal and 
also the grain size developed in this zone 

Figure 18 is for steel 2F on which a '/,-in. bead had 
been deposited on l-in. plate with an original plate 
temperature of 10° F. Figure 18 (A) is at a magnification 
ol 12 X and shows the position of the crack with reference 
he heat-affected zone and the weld metal and indi- 
cates that the crack is somewhat limited in extent 
“igure 18 (B) is at a magnification of 100 X. The maxi- 


} 


mum hardness found for this specimen was 446 Vickers 
Brinell. 

These two figures may be considered as representative 
of the cracks found in the heat-affected metal of the 
weld-bead hardness tests, 11 n 
very limited in extent while in others they extend almost 
throughout the heat-affected metal 

It is of interest to note on checking the data in Table 7 


cases the cracks being 


against those in Tables 5 and 6, that the minimum hard 
1ess Of specimens in which a crack was found was 372 


Vickers and with two exceptions the hardness was over 
100 Vickers 
Only one section of the various specimens was exam 


ined for cracks, because only one section was polished 
and cracks could not, as a rule, be detected in the ground 
surfaces. Thus, more extensive examinations might 


detect cracks in some specimens not shown in Table 7. 

The data show the general trend for the cracks to 
develop in steels of higher carbon and manganese con 
tents; they are found more frequently under '/»-in. beads 
than under 3-in. beads; they are more frequent in the 
thicker plates, and they may occur under beads made on 
plate at 10° F. when they do not occur under beads 
deposited on plate at SO” F 

For weld-bead deposits at SO° F., no cracks in the 
polished or etched specimens were ¢ ‘ted on the com- 
mercial rolled steels ex« ecept in 4F, which developed cracks 
even in the '/,-in. plate 1 nde r the '/.-in. bead. Some 
cracks developed in materials of lower carbon and man 
ganese contents during the hardness testing. However, 
in the case of steel 2S the cracks appear to have been 
accidental because no cracks were found on this material 
when the deposits were made at the lower temperature of 
10° F. For the exper rimental steels, LE deve loped cracks 
in the polished and « tch d specime ns and for the steel 
castings 3X showed | cracks in the 2-in. plates and 4X in 
the '/.- and the 1l-in. plat There is probably little 
significance in the eer that cracks were not found in 4X 
in the 2-in. plate because only one section was examined 

For the weld beads deposited at 10° F., the trend for 
cracks to develop in steels of lower carbon and manganese 
contents is evident. Cracks were naa served in 2F, 3C 
ind 3F in the 1l-in. plates under these cond 

The relations with reference to cracking as a function 
of the initial plate temperature suggest that by using 
temperatures still lower than 10° F. cracks might be 
found in materials of lower carbon and manganese con 
tents and that by using ther temperature than SO” F 
cracking might be avoided in materials of higher carbon 
and manganese contents than those shown 1n the present 
set of data. Examination of one or more additional 
sections of those materials which are of such manganese 
and carbon contents that they might cde velop cracks 
would be of interest 


Longitudinal Weld-Bead Bend Tests 


Longitudinal weld-bead bend tests have been made on 


all of the materials in plates of in. thickness and on 
steel 2C in four thicknesses of , l and 2 in 

he details for making the specimens for the longi 
tudinal bead-bend tests are shown in Fig. 6. The elec 
trodes and the we Iding conditior were the same as those 
described for the weld-bead hardness tests [Two beads, 


one 6 in. in length and the other '/>, in. in length, were 
deposited each pl its Phe pl ites were machined to 
*/, in. in thickness and the beads were ground down to 
the level of the base plat [his surface was prepared 
before the final grinding t , in. thickness. The -1n 
plate of steel 2C was tested in that thickness 


1942 WELDABILITY OF CARBON-MANGANESE STEELS 461- 


A) Magnification 1: 
at 
A 
ic é >. 


Table 9—Longitudinal Weld-Bead Bend Test Results, 6-In. Bead Deposits 


Notes for 1R apply 


2¢ 2 Notes for 1C apply 


Steel Original Maxe Angle of Elongation, ‘2) Load at Angle of Elongation Elongation in 
Type Plate Load, Bend at (1) % ins Failure,\*/ Bend at at Failure, ) Final Bend,\5) 
Thickness Pounds Maxe Load Pounds Pailure‘ ) % in: 
in: 
Inches 1" 2" 1" 1" 
1R 6,550 106° 22 1965 one on 30 24 
1s 5,970 114° 22 1965 --- --- 3 
1c $ 6,850 103° 22 1965 --- --- -- -- 29 on 
2R 6,500 107° 22 1905 --- --- 29 ? 
2S > 6,900 110° 23 1925 --- --- -- -- 27 202 
2¢ 7,850 106° 2 1965 29 oat 
2F 3 7,700 103° 21 20 --- --- -- o- 30 4 
3C 8,000 106° 22 1965 --- --- -- -- 32 
3F 2 8,700 103° 22 20 ---- --- ~- -- 256 214 
4F 9,800 114° 22 20 on 26 
2E z 7,440 110 22 2005 --- --- on an 25 
3E 8,750 106° 20 2065 --- -- -- 32 244 
2x 5,950(5) 5,600 32°(1) 9 6e5 
3X 6,80 53° 6,800 53° 15 9 
4X 5,525 10° -- -- 5,325 10° 4 2 
2c 2,980(4) 92°(4) 15 16 22 
2c 1 8,000 103° 20 18.5 o- 34 0 
2c 2 6.975 77° ~- -- 6,975 103° 16 9 — an 
(1) Computed from load-defiection curve 2) Specimen bent to capacity of jig 3 Failure = crack 6 in. (min.) long in hardened zone 
loaded 
oadcet 
Original 
Plate 
Original Steel rhickness, Chickne 
_ Plate Type In Remark 
Steel Chickness 2k 1 Notes for 1R apply 
ype In. Remarks 8k Notes for 1R apply 
IR V/s Specimen bent to the full capacity of the jig without failure tE Notes for 1R apply 
In the final bending, failure was induced from a crack in 2x 2 Specimen was completely fractured The load 
the weld metal leased at ‘failure then reapplied 
1S i Notes for 1R apply 3X i/s Failure tarted in rough (unground) area 
1c . Notes for 1R apply ix I/s Specimen ‘‘failed”’ in hardened zone at a flaw 
2R i Notes for IR apply 2¢ /, Notes for 1R apply 
2S I/2 Notes for 1R apply 2¢ l Cracks app ared in the weld during the guided bet 
2C i Notes for 1R apply In the final bending ‘‘failure’’ was induced from a « 
2F i/s Notes for 1R apply in the weld 
3C ! Notes for 1R apply 
1 


Notes for 1R apply 


Table 8—Longitudinal Weld-Bead Bend Test Results, Un- 


welded Plate* 


Steel Original Maximum Angle of(2) % Elongation, Bending Outside 
Type Plate Load, Bend, Specimen Bent of Jig, % Elonga- 


Thickness, Pounds Degrees to Capacity tion at Failure 
Inchee of Jig 
1" 2" 1" 2" 
2R (1) 5,820 103 21 19 35 a 
2R (2) 6,230 106 20 20 338 2 
2s (1) 6,575 106 22 lo} 34 26 
2s (2) 6,410 103 21 19 32 284 
2c 7,240 106 20 1 34 268 
2c (2 7,250 106 21 31 24 
2P (1) 7,275 106 21 Lge 36 26 
2F (2) 7,500 110 22 20 40 26 


* All of these specimens bent to the full capacity of the jig without failure 
When subsequently bent outside the jig, all failed at scribed transverse center 
line Exact point at failure was difficult to determine 

(1) Computed from load-deflection curve 


Testing Methods 


The specimens were tested in a standard jig for */s-in. 
plate and stress-deformation curves drawn with an 
automatic recorder for each specimen. Data were re- 
corded for the maximum load and angle of bend at maxi- 
mum load as computed from the load-deformation curves. 
Elongation was measured on the tension side of the speci- 
men. After bending to the capacity of the jig the 
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measurements were made for l- and 2-in. gages about the 
center of the weld metal. In the case of the specimens 
which broke in the initial test, data were recorded for th: 
load at failure, angle of bend at failure and elongation at 
failure. 

The specimens which were not broken in this test wer 
then subjected to further bending without any determina 
tion of the load until they were bent flat or developed 
cracks, and the elongation at failure measured for |! 
2-in. gage lengths. Certain steels were subjected to 
similar tests using specimens on which there was 
deposited bead for comparison purposes. 

All specimens have been photographed after the orig 
inal bend test but only certain representative photo 
graphs are reproduced in this report. 


Results of Longitudinal Weld-Bead Bend Tests 


Table 8 gives the results of tests on four steels —2R, 
25, 2C and 2F, using specimens without a bead. The 
original plate thickness was '/, in. in all cases. ‘Ther 
are reasonably good checks for maximum loads, angl 
bend, elongation for the specimens bent to capacity 0! 
the jig and for bending to failure outside of the jig 
These data may be compared with those in Tables 9 and 
10 for the test of specimens on which a bead had been 
deposited. 

The results of the tests on specimens on which a | 
bead had been deposited are given in Table 9. Colw 
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2 gives the maximum load, column 4 the angle of bend at 
the maximum load, column 5 the elongation on 1- and 
9in. gage lengths when the specimen was bent to the 
capacity of the jig and column 6 gives the load at failure 
when the specimens failed in the test. By an arbitrary 
choice, specimens were considered to have failed in this 
test when they developed a crack '/ 1 in. in length in the 
heat-affected metal adjacent to the weld metal. In some 
cases, small cracks developed in the weld metal but since 
the special interest was in the heat-affected zone, failure 
was not considered to have taken place until cracks 
developed in the hardened zone. Column 7 gives the 
angle of bend at failure and column & gives the elongation 
for 1- and 2-in. gage lengths for the four specimens which 
were rated to have failed in the bend test. Column 9 
gives the elongation for 1- and 2-in. gage lengths after 
the specimen had been subjected to bending outside of 
the jig until failure occurred. Special notes relating to 
the bend test are given with the table. 

It seems significant that of the ten commercial rolled 
and the three experimental steels, no failures occurred 
in the tests on specimens with the 6-in. bead. It will be 
noted that the angle of bend and the elongation on the 
tension side were essentially the same as for the specimens 
listed in Table 8 on which no bead had been deposited. 

Steels 3C, 3F and 3E showed in the weld-bead hard 
ness tests maximum hardness values for 3-in. beads on 

in. plates of 272, 278 and 287, respectively, and none 
of them developed cracks in the weld-bead bend test. 
More significant is the fact that steels 4F and 4E showed 
maximum hardness values of 398 and 417, respectively, 
in the weld-bead hardness tests and neither cracked in 
the bend test. The appearance of these two specimens 
ifter the test is shown in Figs. 19 (A) and 19 (B 

Che failures in the cast steels were the result of cracks 
hich started in the weld metal except in the case of 2X 
here there was some porosity in the casting and the 
cracks started in the heat-affected zone, most likely at a 


Ww 
Ww 


defect. Photographs of specimens 2X, 3X and 4X are 
shown in Figs. 19 (C), 19 (D) and 19 (4), respectively 

Steel ys Me in the 2-1n plate developed a crack which 
started in the weld metal and is shown in Fig. 19 (F) 
The maximum hardness found in this steel in the 2-in. 
plate was 312. The angle of bend at failure (103°) and 
the elongation of 16°, on a 1-in 
indicate brittleness 

It has been noted that in the case of failures in the 
weld-bead bend only one specimen (2X) developed a 
crack which started in the heat-affected metal and it is 
believed that in this case there was a defect in the casting. 

The results of the weld-bead bend test 6n specimens 
with '/.-in. beads are given in Table 10. With this length 
of bead, failures were more general and were found in 
some of the group II steels. However, it is again signifi 
cant that in no case did the crack start in the heat- 
affected metal. Reference to Table 5 and Fig. 10 will 
show that for group III steels, maximum hardnesses of 
about 400 were found under '/>-in. beads on ‘'/:2-in. 
plates and for group IV steels a maximum hardness of 
nearly 500 was found, and yet in none of these did the 
crack start in the heat-affected zone in the bend tests 

These data seem to indicate that the weld metal in 
these short beads is the least ductile material and it is 
questionable if failures which start im the weld metal 
should be considered as indicating that the steels develop 
low ductility in welding. However, it is indicated that 
there is a danger zone at the start and possibly at the 
finish of a bead. 

Correlations between the occurrence of cracks and the 
results of the weld-bead bend tests may be made by con 
sidering that data in Table 7 and in Tables 9 and 10. 
Unfortunately, not enough data are available to make 
all of the desirable comparisons. However, the general 
relation seems to be that steels which did not develop 
cracks under the beads in the weld-bead hardness tests 
did not fail in the weld-bead bend test. This holds for 


gage do not seem to 
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Fig. 19—-Representative Specimens of Weld Bead Bend Tests for 6-In. Beads 
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Table 10—Longitudinal Weld-Bea 


d Test Results, '/,-In. Bead Deposits 


Steel Original Maxe Angle of Elongation, (2) Load at Angle of Elongation ‘ Elongation in 
Type Plate Load, Bend at (1) % int Failure, (>) Bend at ) at Failure,\-” Final | i, 
‘Thickness, Pounds Maxe load Pounds Failure % in: 6 in: 
Inches 1" 2" i" 2" 1" 
1R Fy 6,300 106° -- -- (4,150) (20°) 6 3.5 30 
1S 5 ,600 106° 22 01865 oon --- oo 28 Les 
1c 6,640 106° 20 19 --- one am 27 
2R : 6,650 106° 20 18 --- --- -- -- 24 2 
2S 6,575 110° 22 20 one -- -- 3 
2 6,300 53° -- 4,850 (After Max.) 62° 13 765 ao 
2F 5,800 36° -- 5,450 (After Max.) 48° 12 7.5 
Cc 5,225 26° -- -- 5,050 (After Maxe) 33° 8 4 on 7” 
3F 5,010 12° -- -- 4,200 (After Max.) 20° 2 on 
4F 3 5,000 20° -- -- 4,950 (After Max.) 22° 5 3 oo a 
2E : 7,150 110° 22 19 --- --- -- _— 26 2165 
3E 5,250 23° -- -- 5,050 (After Max.) 30° 7 365 
4E 4,950 20° 4,650 (After Max.) 25° 4 2 
2x 3 5,175 36° -- -- 4,700 (After Max.) 47° 10 5 a - 
3x 4,750 12° -- 4,100 (After Max.) 34° 5 2.5 
4x 4,150 -- 4,150 2 l -- oo 
2 2,;750(35)  g2*(3) 15 1305 --- --- we 20 
2c 1 § ,000 23° -- -- . 3,900 (After Max.) 42° 8 405 -_ oli 
2c 2 5,350 26° -- -- 3,350 (After Maxe) 61° 9 5.5 -- _ 
l Computed from load-deflection curve 2 Specimen bent to capacity of jig Failure crack sin min long in hardened zor 
Original Origina 
Plate Pla 
Steel Thicknes Stee! Thickn 
In Remark In Remark 
IR i/s rhe imperfection near the start of the bead gave a fals¢ $C Not for 2 appl 
indication of ‘‘failure in the guided bend test rhe 3 Not t apply 
final bend wa ntric 3) Not f apply 
1S M/s here were cracks in the weld near the start of the bead 2! Notes for 1 app 
In the final bending, “‘failure’’ was induced from a crack $1 Not for 2 Apt 
in the weld metal il rh pecimen was cracked before testing When t 
1c : Cracks appeared in the weld metal during the guided bend its behavior was similar to that of 3E (abo 
test In the final bending failure was induced from a 2x Not or apply 
crack in the weld metal 3X Not for 2 appl 
2R l/s Notes for 1C apply ix 2 rh pe 1en was cracked before t« sting Wh 
2S ! Notes for 1C apply its beha x was similar to that of 3X (above 
2C i/ Failure occurred after maximum load had been applied 2C 1/4 otes for 1C apply 
and was induced from a crack in the weld metal 2C l Notes for 2C app 
2F Notes for 2C apply 2C z for 2C¢ apply 
the 3-in. beads on commercial and experimental rolled the occurrence of cracks in the weld-bead hardness speci 


steels in '/:-in. thickness. Exceptions were found in cast 
steels 2X and 3X but, as previously mentioned, it is 
believed that cast steel 2X had a slight defect which 
started the crack. There is the further lack of agreement 
to the above-mentioned relation in that steel 2C in 2-in. 
thickness failed in the bend test, while no cracks were 
found in the weld-bead hardness specimens of this steel 
for the 3-in. beads or the '/2-in. beads made at 80° F. 
However, a crack was found in this steel under the '/»2-in. 
bead deposited on 1-in. plate at 10° F. 

The weld-bead bend tests using '/s-in. beads show 
more extensive failures than would correspond to the 
occurrence of cracks under '/s-in. beads in the hardness 
surveys. However, it must be remembered that the 
cracks always started in the weld metal and progressed 
into the heat-affected zone. 

Steels 2C and 2F failed in the bend test, but no cracks 
were found in the weld-bead hardness tests even on |- and 
2-in. plates when the welds were made at 80° F., the weld 
temperature used in the weld-bead bend tests. These 
steels did develop cracks when ‘/2-in. beads were de- 
posited on |-in. plate at 10° F., however. 

Steels 3C, 3F, 3E, 2X and 3X did not develop cracks 
when '/2-in. beads were deposited on '/»-in. plates, but 
all of these steels failed in the bend tests on specimens 
with '/>-in. deposits. This lack of consistency between 
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mens and the failures in the bend test is apparently 


result of the cracks in the bend test starting in the weld 


metal, as previously mentioned. 


Additional tests on weld-bead bend specimens, using 


plate of greater thicknesses (1 and 
valuable data for further correlations. 


1 


in.), might giv 


The 


Apparently) 


character of the weld metal is highly important 1 
weld-bead bend test and tends to lead to some coniusio! 


in interpreting the results of such tests and in attempt 
to correlate the results with weld-bead hardness data 
the occurrence of cracks in the weld-bead hardness 5] 


mens. 


V-notch slow bend, tension impact and rigid fram: 
may be of value for determining the ductility 
heat-affected metal in a study of the weldability of st 
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APPENDIX—Master Tables for Weld-Bead Hardness Surveys 


Table 11—Data for -In. Bead on '/,-In. Plate at Initial Table 14—Data for '/,-In. Bead on '/,-In. Plate at Initial 
we Temperature of 80° F. Temperature of 80° F. 


Maximum 10-kg. Vickers Hardness, Parent Plate Average 10<kg 


Maximum 10-kg. Vickers Hardness, Parent Plate Average Weld af Gand fend 
®eld Vickers Hardness teel Labs rent 
at Under Tous of Seed Parent Type Wo. L R AY. L R AY. Av. Max. Metal Plate 
io. L R AY. L 8 AY. Av. Max. Metal Plate 
>a LR 184d 237 224 251 197 190 194 212 237 187 i31 
4a 190 190 190 146 155 152 171 190 1S 123 
ls 185d 190 193 192 187 187 1867 189 195 195 127 

+ 181 186 184 157 157 157 170 186 164 117 
lc 186% 239 SOO 270 221 224 25 246 300 19 i37 

, 231 215 223 180 194 187 205 2531 163 14 
2 187e 266 278 272 223 239 231 262 278 194 142 

TA 233 228 197 187 192 210 233 163 145 
2 6 88d 278 274 276 23 245 $8 257 278 203 136 

Ba 48 234 197 205 200 21 248 163 3 
2¢ 189> 307 333 320 25 26 § 266 355 187 62 

798 3 1 220 218 216 7217 218 221 169 1s 
2FP 190b 345 342 344 266 267 6 315 345 197 161 

4 24 : 245 221 218 220 231 246 175 58 
3c 191b 383 401 392 339 SO7 5323 401 186 60 

248 252 250 252 285 244 247 252 176 i? 
— 192d 446 «473 363 405 422 473 199 

82a 24 254 26 240 231 236 245 2% 172 
4F 193d 503 536 520 446 464 «(4 487 536 201 201 

‘ S30 297 296 270 272 271 264 297 176 199 
258 194% 278 274 276 4 6 27 83 145 
446 493 47 46 + 455 4 493 201 173 

Table 12—Data for -In. Bead on '/,-In. Plate at Initial 
Ternperature of 80° F. 6525 552 6 198 
Maximum lOekg. Vickers Hardness, t Plate Avereace 10-ke. 
Vickers Hardness 2X 220% $51 345 348 292 «298 322 35 146 
teol ade mder Weld-Bead At Toes of Bea Entire Bead Weld — 
197 176.197 198 180 123 222 S26 S36 521 466 36 9 191 
75 i 95 192 164 164 164 78 #19 171 117 


1 76% 12 231 22% 198 212 202 212 231 17 14 Table 15—Data for 3-In. Bead on I-In. Plate at Initial 


Temperature of 80° F. 
1? ‘4 23 199 208 20) i 41 145 Maximum 10<-kg. Vickers Me est, Parent Plate Average lO-xkg. 
Weld “ardnese 
g 4 225 10 216 1 21 2 168 3¢ Steel Lab. Inder Weld-Bes ead Entire Ses A Srent 
Type Os L R AY. L R AV. Max. Metal ate 
7> 4a 245 227 226 2 7 4 18 
R 197% 7 196 192 7 12 
180% 68 265 231 233 232 49 268 a2 196 19 81 19% 18 123 
198d 211 3 2 6 2) 23 94 i“ 
181 $10 272 291 244 28 i 16 220 226 on 
82% 327 292 310 258 262 32 173 
2 R b 242 252 247 4 5 5 4 49 
2 2 < 267 7 
Table 13—Data for 3-In. Bead on -In. Plate at Initial 
4> 4 + 4 1” 
Maximum Vickers Hardness, Parent Plate Average 10-ke. 3 2056 406 385 $465 
Ave Inder Weld-Bead At Toes of Bead Entire Bead Parent 
L R L R Av. tv. Max. $37 4 498 202 
184a 194 202 198 178 i177 #178 188 202 163 13} 
185e 186 190 168 169 17 172 18 1x 174 s a 4 “7 
29 43 $13 417 4357 7 
96a 202 202 202 190 194 192 | 20 170 137 
$64 446 446 483 «64465 483 22 196 
187a 229 235 215 212 214 2 18 
x 3b 339 S45 34 345 1s 
188e 217 206 212 217 225 221 8 
1898 233 240 237 218 203 211 224 40 1 
— 4x 25% 603 493 464 493 226 190 
190a 256 4246 251 233 243 238 24 6 1 
le 2 72 267 245 240 26 255 1 ut Table 16—Data for '),-In. Bead on l1-In. Plate at Initial 


os 
278 264 27) 245 284 Temperature of 80° F. 


Mex inum r lar ate 
Se «398 369 384 333 336 3 359 398 196 1 er Weld- oe onc 
t 
Ma 230 232 231 224 214 219 2 3 178 145 : os . 
19% 218 221 220 12 203 14 22 194 
195a 4280 287 284 258 266 2¢ 273 176 73 
4 196a 417 397 407 405 429 417 412 42 187 194 
880s 860 399 200 280 22: oe 2B 200b 274 «292 263 237 254 246 264 292 204 149 
$51 302 258 304s 351 18 176 2S 20lb 307 3575 340 290 280 260 $00 373 199 133 
*X 2228 531 488 510 455 401 428 489 532 218 191 
2 «415 405 409 312 327 32 362 413 21¢ 161 
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‘Table 16 (continued) | Table 19—Data for 3-In. Bead on 1-In. Plate at Initia) 


Maximum 10-kg. Vickers Hardness, Parent Plate Average ote. Temperature of 10° F. 
ickers Hardness 


Under Weld-Bead At Toes of Bead Entire Bead - Weld Maximum 10-kg kers Hardness, Paren 
No = L Dui. Metal Plate Steel Lab, Under Weld-Bead At Toes of Bead Entire Bead 
Type Noe L R AY. L Ave Waxe Metal Plate 
sc 204b 460 469 465 $17 317 $17 391 469 208 153 
| 1R 22 05 209 207 195 197 196 202 209 187 1 
3 F 206d 429 446 438 405 417 411 426 446 218 176 * 
1S 2308 198 197 198 198 197 197 198 196 197 
eP 206d 514 493 504 455 464 460 482 514 217 202 , 23la 233 243 238 224 220 222 230 243 1 4 
2E 207% 369 363 366 302 322 312 339 369 214 157 2R 232e 285 299 292 237 232 34 63 29 198 
3 E 208 S36 548 542 483 483 483 $13 $48 221 170 233a 310 300 305 23 42 39 272 20 
te 209 S36 536 536 455 S36 496 616 536 214 196 2 234a 342 310 326 300 272 286 306 342 204 
= 
2F 236 346 390 369 317 333 325 347 3% 21 
2X 223d 437 405 421 351 292 322 $71 437 219 161 : = = 
: SX 224d S03 514 S09 488 460 471 491 614 229 169 5 236a 4393 366 380 372 366 36 374 2 
2° > > 2 
4X 228 SOS 520 S12 446 455 451 481 520 234 190 3 237a 460441 «459 «20409 436 45 21 
4F 2382 503 503 SOS 498 498 495 499 650 12 
2E 239 330 S22 326 262 256 269 293 330 197 62 Wel 
SE 2400 466 509 488 $78 493 485 487 509 21 72 tha 
Table 17—Data for 3-In. Bead on 2-In. Plate at Initial on 1 
Temperature of 80° F. _ tt 
2X 242a 401 363 382 333 307 320 351 401 20¢ $8 Ky 
Maximum 10-kg. Vickers Hardness, Parent Plate Average l0-kg. 
Weld ~ Vickers Hardness 2X 242 493 493 496 437 376 406 450 493 209 1 u 
Ww -Bead nti $x 243a 93 9S 
Steel Labs Under Weld-Bea At Toes of Bead Entire Bead Gin arent p As t, 
. Type Wo. L R &¥. L R Ave Ave Max, Metal Plate 4X 2444 488 498 493 478 498 468 491 498 226 18 
- peta 
1R 2108 200 195 196 187 185 186 192 200 188 121 afte ' 
18 2lle 212 197 206 197 187 192 198 212 192 115 Table 20—Data for '/,-In. Bead on 1-In. Plate at Initial rf 
Ternperature of 10° F. 
1c 212a (224 227 226 212 206 209 217 224 193 138 
Maximum 10-kg, Vickers Hardness, Parent Plate Average l0-ke, 
Weld ‘ickers Hardnoes ‘ 
Unde Id-Bead At T of ¢ 1 Bead 
2R 243 274 259 226 215 220 289 274 19% 134 Stel Lad, fr 
Type Wo. L RAY. L R AY. Av. Max. Metal Plate 
28 2l4a 292 278 285 266 230 248 267 292 190 137 _ inve 
284 238 261 206 206 206 234 284 209 121 
2C 218m 297 S12 $05 270 262 266 285 312 19€ 152 
1S 230b 239 248 244 223 220 222 233 248 204 120 velo 
2F 216a 429 413 421 312 292 302 362 429 202 155 — — 
: 1C 2326 258 280 269 270 216 263 256 280 207 4 ICS} 
sc 217e 376 405 391 360 375 367 878 405 201 157 aS! 
: 2R 232b 322 278 300 256 233 245 272 322 217 13 rizil 
- 3F 2188 429 417 425 369 3651 360 392 429 216 170 — — 11 
2S S54 390 S72 292 264 268 330 390 212 12 
. 4F 2198 483 498 491 406 390 3968 444 496 263 19 2c 234d 376 369 373 309 31S 312 342 376 216 155 ALINA 
2P 235> 446 417 432 333 376 355 393 446 212 188 , ~ 
2X 2268 322 302 S12 274 274 274 293 322 204 139 —_ 1as 
32 «6493S «6505 64498 69383 379 381 440 505 223 173 SC 2360 488 478 483 357 421 489 486 488 209 183 Ing 
ado’ 
cw 4x 226a 603 508 506 405 437 421 464 608 227 192 3 F 237% 608 $25 517 508 468 488 602 625 220 170 
= 4F 288 530 520 525 460 478 469 497 530 212 ise su 
2E 239 401 S63 382 309 $12 311 346 «(401 210 142 
SE 599 S66 6583 550 526 628 555 699 207 172 
Ki Table 18—Data for '/.-In. Bead on 2-In. Plate at Initial 4E 854 S60 557 542 572 557 572 192 
Temperature of 80° F. 
2X 242 433 421 427 327 287 307 367 435 207 146 
Meximum 10-kg. Vickers Hardness, Parent Plate Average 10-kg. 
: Weld Tider Weld-Boad At Toes of Bead Entire Bead —— Barcness 3X 243d 493 525 SOS S79 401 390 460 625 218 160 
Steel Lab. Weld Buren 
Type Bo. Aw Metal Plate 4X 244b 508 554 S31 466 413 439 485 554 243 199 
1R 210b «227 «4237 «232 «212 231 222 227 237 208 121 
1s 21lb 4232 250 241 232 197 215 228 250 212 115 : 
Table 21—Data for 3- and '/,-In. Bead on All Thicknesses 
oat > 2 € 138 ese 
com of 2S Plate at Initial Termperature of 10° F. 
Steel Maximum 10ekg. Vickers Hardness, Parent Plate 
2 R 213b «346 «2317 «6243 «6248 289 348 209 134 Weld jardness 
Under Weld-Bead At Toes of Sead Entire Bead 
; 2s 214d «348 401 375 260 228 239 307 401 206 137 ae Mae Plate 
2c 369 369 369 268 292 280 325 369 206 152 3" Beads 
2 Set” 245 224 226 225 © 198 99 212 226 159 
2F 216d 437 455 436 317 327 322 384 455 214 155 = 
2 S<h” 2462 220 215 21 220 212 216 217 220 12 
3c 21% 478 468 473 402 383 392 433 478 216 157 Sel” $10 300 SOS 238 242 239 272 310 200 
216> 503 SOS S06 405 417 411 459 509 223 170 24% 202 292 292 327 230 279 285 327 189 
Be 
4F 219 520 498 S09 446 455 451 480 652 208 190 Bootes : 
2 Sed" 245b 230 246 238 203 209 206 222 246 183 
2x 226 «348 «4324 337 228 235 232 285 44s 208 39 2 Sek” 246d 315 258 287 46 256 261 269 315 204 
3 227% S66 S60 563 560 SOS 532 47 566 248 173 2 Sel" 2336 354 390 372 292 284 268 330 390 213 
4X 228d 469 483 476 425 425 425 451 483 259 192 2 sel" 247 366 366 366 274 246 260 S13 366 220 
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Jominy End-Quench Hardenability 
Tests on Carbon-Manganese Steels 


By George A. Timmons’ 


N connection with the program concerned with the 
weldability of carbon-manganese steels, Col. Jenks 
and Mr. Jennings, Chairman of Committee II on 
Weldability of Carbon-Manganese Steels, requested 
that our laboratory conduct Jominy hardenability tests 


the five steels which had been selected by the Com 
mittee for investigation 
End-quench hardenability tests were desired, using 
wustenitizing temperatures of 1700°. 2100° and 2350° F. 
letermine the reactions of these steels to these tem 
peratures and to compare the behaviors of the five steels 
after quenching from such temperatures, in an endeavor 
learn if such a test could be used to evaluate proposed 
positions for welding steels. The results of these 
periments were to be correlated with data obtained 
m different types of tests being conducted by other 
investigators. 
[he end-quench hardenability test was originally de 
loped by W. E. Jominy and A. L. Boegehold' and was 
designed primarily for determining the hardening power 
f{ steels of the carburizing grade after a suitable carbu 
rizing treatment. The test was applied to steels of the 
I-] type soon after its original development 


il-hardening? ty 
and it eventually became a standard test upon which 
some purchasing specifications for steel were based. It 
has been recognized by the American Society for Test 
ing Materials and is now up for consideration for its 
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OISTANCE FROM QUE? ENC SPECIMEN. SIXTEENT 


Hardness measurements are then made 
vals from the quenched end hese 
gene rally plotted against the distal 


‘at various inter 
hardness data are 
ce from the quenched 


adoption as a standard test. The test is readily per- end to produce a so-called ‘“‘hardenability curve’ from 
formed in any laboratory. In principle, it consists.of which the steel under considerat nay be compared 
subjecting a steel specimen to a gradient quench from a_ with other steels. The usual method of rating the hard 
temperature at which the steel is essentially austenitic. enability of a steel from the curve is to state the distance: 
be presented at the Annual Meeting, A.W.S., Cleveland, Ohio from the quer hed end at wh the hardenability curve 
to 15, 1942. A contribution to the Industrial Research Division 1iitersects a specihed hardness horizontal rhe t pi of 
mesearch Committee 
Metallurgical Engineer, Climax Molybdenum Company, Detroit lick this discussion 1s the applic atl f this test to welding 
—_ ae steels, particularly of the carbon-manganese type, in an 
2 = = ae endeavor to determine if the test might serve as a cri 
Raed . terion for the weldability of these steels with regard to 
Sosa 4 5 leas the ‘‘heat-affected zone’’ of the parent metal 
2350\0°2 The presence of the heat-affected zone in the parent 
metal immediately adjacent to the weld metal is familiar 
$ == to everyone associated with the welding industn LO 
F date no criterion or test has been developed to enable the 
: : metallurgist to predict the behavior of a given steel with 
i“ regard to the hardness and structure of the steel in this 
zone after the welding operatior Since these factors 
. determine the mechanical properties of the welded joint 
: toa large extent and thereby limit or restrict the use of 
g the steel for welding applications, some test which could 
be conducted in a laboratory was desired and the end 
33 quench hardenability test was proposed as a likely pos 
sibility. While this test is usually conducted to deter 
=== mine a given steel 1 ipabie OI producing a desired 
==: os hardness with a certair rate when quenched from 
-=S==>== === the usual austenitizing temperature, the test as proposed 
. mm for evaluating welding steels would be used in a som 
what negative manner t etermine if the steel could bs 
Fig. 1 held below a specified maximum hardness value whet 
467-s 
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Fig. 3 


subjected to heating and cooling conditions similar to 
those obtaining during the welding operation. Since 
the parent metal adjacent to the weld is subject to a se 
ries of elevated temperatures between the melting point 
of the steel and room temperature, and is then cooled to 
room temperature at various cooling rates, a series of 
three end-quench hardenability tests using quenching 
temperatures,’ or austenitizing temperatures, of 1700 
2100° and 2350° F. was proposed for the pilot experi- 
ment. 

The stock submitted for the experiments consisted of 
portions of billets 2 x 5 in. in cross section. The chemi- 
cal analyses of these samples are given in Table 1. Dila- 
tometric specimens were cut from the submitted sections 
and the critical temperatures of the steels were deter- 
mined on a dilatometer using a heating rate of 5° per 
minute through the critical temperature zone. The 
values for Ac; and Ac; are presented in the table. 

Blocks 2 x 5 x 6 in. were cut from the billets and a ther- 
mocouple hole was drilled in a 2- x 5-in. face of each to a 
depth of 3 in. making the end of the hole coincide with 
the geometric center of the block. A Chromel-Alumel 
thermocouple junction was inserted in each block with 


its bead at the bottom of the hole. Each sample was 


COOLING MATE DEG FAHR PER SEX 
+ + ya > 
= 
« 
+ t 1%°% 
| } 
z 
ral 
4 + 4408 
} a 
+ + 4 + + 4965 
} 
¥ 
> + + + 4% 
== + 
j 


DISTANCE FROM QUENCHED END OF SPECIMEN, GIXTEENTHS OF INCH 
Fig. 4 


468-s 


Sebono|— Rut 
oo} » 
rs = 
x 
: 
2 NS Y~4 
= + 
DISTANCE FROM HED SPECIMEN SIXTEENTHS OF 
Fig. 5 
Table 1 
Carbon 0.25 0.33 () 27 
Manganese 0.38 0.67 0. O4 ) 
Phosphorus 0.013 0.014 O17 
Sulphur 0.038 ) 037 0. 03 (). 037 
Silicon 15 0 17 0.15 0.20 
Chromium 0.02 0 05 OR 0 05 
Nickel 0.14 10 0 06 
Molybdenum 
Aci, 1340 1340 350 
Acs, 1540 500 150 148 


placed in a furnace standing at a temperature 50° | 
above the determined Ac; temperature. 


Time 


temper 


ture data were recorded until the block had reach 


temperature of the furnace. 


Each block was held in th 


furnace thirty minutes after the center had attained t 


furnace temperature. 


The block was then re: 


noved ai 


allowed to cool to room temperature in still air. End 
quenched hardenability specimens were prepared fr 
the normalized sections. 

The specimen consists of a cylinder 1 in. i 


1 diameter 


one 
RUN 
om 
if 
= 
t 
& 
} 


WELDING RESEARCH SUPPLEMENT 


OCTOBER 


se} 
sof — 
asf 
so} 4 
yj 
tet—t 
) 
| ~ 
re 1\ 
+} 
Slirias 
aesire 
ley 
water 
‘ 
plied 
tne 
speci 
iD 
a7 
4 
| 2 
sot 
aot 4 
+z 
so} 
z 
: 
+ 
20 
10 
rN 
Fig. 6 
104 
1942 


SELON RUN 
Fig. 7 
*/,in. long. At one end it is drilled and tapped to 
ve a '/g in. — 20 U.S.S. thread and a specially 
ied, large flat headed screw is inserted in the tapped 


specimen from the furnace to the fixturs 
te end is finished with a fine feed 
rface and is usually designated as the 


ngth of time the specimen is ré 
| quenched in a fixture designed to forces 
er from an orifice 1 in. in diam. against 


ed The machined specimen is austenitizec 
. 
sired temperature in any convenient furnace. 


[his serew acts as a guide for holding the speci 
the quenching fixture and assists in transferring 
Che Op 
to produce a smooth 

quenched end” 
his 1s the surface against which the cooling water 
l at the 


Usually 


stood upright with the bottom end on a carbon 
to insure a scale-free surface for quenching. After 
g at the austenitizing temperature the required 


is just sufficient to produce a jet 2'/s in. hi 
he specimen is not in position. 
men fits tightly against a beveled 
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a stream of 
the bottom sur 
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ressure ap 


[he temperature of the water is 
temperature range 70-75” F 


nerally 
and the 1 
Che lower end of 
directly 


ring 
he water jet and as soon as it is in pl: 
is forced down on the screw at the t 
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re in that unusually high 

: desired and ordinary 
rnaces could not be used for 

S g of the specimens and 
Since a rapid heating rate, a 
t temperature, and a scale 

d, salt baths were used for 
were heated in a 

1. The specime quenched 
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DISTANCE FROM QUENCHED END OF SPECIMEN, SIXTEENTHS OF INCH DISTANCE FROM QUENCHED END OF SPECIMEN, SIXTEENTHS OF INCH T 1 
Fig. 11 Fig. 13 ' 
iV 
to within +10° F. throughout the tests. Each sample in this investigation certain difficulties are encountered 
was placed in a salt bath at the designated temperature The standard specimen has a rapid change of cooling mi 
and held there for a period of thirty minutes, after which rates over the first * ; in. from the quenched end. 
time it was removed and quenched in the specially de- 


signed fixture described above. Each sample was al- 
lowed to come to equilibrium at room temperature in 
this fixture. The heat-treated specimens were then 
ground to produce the flat surfaces for hardness measure- 


When steels of low-hardening power are tested th 
curves fall rapidly within a short distance from th 
quenched end and it is necessary to take hardness read 
ings at unusually short intervals to accurately determin 
the position of the curve. The standard Rockwell ( 


ments. scale uses a load of 150 kg. and when the hardness is i 
Rockwell hardness determinations were made on these _ the range of 40 to 20 units, the impressions are sufficient) fo 
ground surfaces. From a distance of '/i. to */, in. from large that even at intervals of '/\, in. there is danger of 
the quenched end, determinations were made every '/i, interference from adjacent impressions due to work hard 
in.; from */s to 1'/, in., determinations were made at ening. A second difficulty involves the great change in 
intervals of '/s in.; and from 1'/, in. to the end of the hardness from the quenched end where the hardness is C 
specimen at intervals of '/,in. Four sets of determina 10-50 Re to the opposite end where the C-scale records a 
tions were made on each specimen. Results of these reading of about —5. Generally values below 20 on th * 
determinations were averaged and the resulting values C-seale are not considered to possess satisfactory ac nan 
were plotted on charts. These charts are shown in curacy and a second scale, the B-scale, is used. Such a \ 
Figs. 1-5. change of scales on a hardenability curve would be in 
The Rockwell machine is generally adequate for deter- convenient to handle 
mining: the hardenability curves of steels of the oil-hard- In order to overcome these difficulties hardness deter 
ening grade whose rates of austenite decomposition are minations were repeated using the Vickers Hardness pa 
comparatively slow but for steels of the shallow harden- Testing Machine with a load of 20 kg. The impressions ss 
ing type such as the carbon-manganese steels dealt with made with this machine measured only 0.50 mm. at a bt 
FURST Run | Bikst | wit 
E == é 
OIGTANCE FROM ENCHED END OF SPECIMEN SIXTEENTHS OF INCH DISTANCE FROM QUENCHED ENO OF SPECIMEN, SIXTEENTHS OF INCH 1] 
4 Fig. 12 Fig. 14 
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F sl 


148 (Sl Rs» and 146 Brinell by conversion) 
0.250 mm. at a hardness of 593 (54 Re and 534 
ell by conversion). Since the hardness value ob 
d is an inverse function of the square of the diagonal 

1e permanent impression produced by the load ap- 

| the same continuous scale may be applied over the 

re range of hardnesses. In this series of tests deter 
tions could readily be made at intervals of '/, in. 

» to '/, in. from the quenched end. From to 

in., intervals of '/i, in. were used and from 1'/, in 
end of the specimen determinations were made at 
tervals of '/gin. Since the important part of the curve 
r as these experiments were concerned involved only 

he first | in. of the specimen, the other values were 
included in the charts. Four sets of Vickers hard 
determinations were made on each specimen, the 
were averaged and the data were plotted similar 
se obtained on the Rockwell machine. The graph 
per used for plotting the data was secured from the 
[.M. and is particularly convenient since the ap 


rciness of 


proximate cooling rates of the specimen at various loca 


are included along the abscissa 
[wo separate sets of hardenability tests with speci 
from different locations in the billets were run in 
ffort to check the reproducibility of results. 
the steels exhibited irregular behavior as can be seen 
comparing the charts designated as ‘First Run’ 
Second Run.” 
However,the curves indicated certain general trends. 


some 


In most of the steels the specimens quenched from 2350 
F. showed higher hardenability than specimens quenched 


om 700 


and 2100° F. The sample of Steel 4F-14 
uenched from 2350° F. and designated as First Run 


produced the deepest hardening of all the samples in the 
series but the sample quenched from 2350° F. and 
ignated as Second Run exhibited lower hardenability 
either of the samples quenched from 2100° F 
Sample 2C exhibited very little increase in hardenability 
the austenitizing temperature was increased, all of the 
ves falling within a fairly narrow envelope as 
pared with the other steels. 
\ny interpretation of the results of these tests must 
lve the recognition of certain fundamentals. The 
hardness of any steel depends upon two major factors 


com 


the rates of austenite decomposition at various sub 
critical temperature levels, or its S-curve characteristics 
and (2) the rate at which it was cooled from the austeni 
izing temperature. The 
tion at various temperature levels depend 
lactors 
The carbon content of the steel (fully dissolved). 
The higher is the carbon content, the higher will be the 
hardness obtainable in the steel, and other 
litions being equal, the greater will be the hardness 
with any given cooling rate 
. The alloy content of the steel (fully dissolved). 
| alloys, except cobalt, are known to increase austenite 
tability producing slower rates of transformation at 
subcritical temperatures thereby increasing hard 
enability. 
) he austenite grain size of the steel developed 
der the conditions of austenitizing Che higher the 
emperature and the longer the time at the austenitizing 
temperature, the coarser will be the grain size and the 
wer will be the rates of austenite decomposition 
her conditions remaining equal, the coarser the grain 
size of a steel, the greater will be its hardenability 
t. The austenitizing temperature is also important 
nee it influences the solubility of carbon and the alloy 
g elements. It is the quantity of these elements dis 
ed in the austenite prior to quenching which deter 


rates oI aus 


enite de composi 


upon other 
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15 
: 1 1 ‘ 1 
mines the hardenability of the steel I lissolved car 
bides serve as nuclei for the initiation of austenite deco1 
position at subcritical temperatures above 1000” F. an 
may reduce the hardenab they ar t completely 


dissolved 
The rate of cooling from the aust« 
is dependent upon 


Che 


nitizing temperaturt 


ability of the quenchant to conduct heat away 


from the heated section of the steel. Various quench 
ants differ widely in this capacity to remove heat. In 
the order of increasing quenching capacity they would bk 
rated: air, oil, water, brine, NaOH 

2. The size of the section influences the rate of 
quenching Che larger the SS sect if a piece of steel 
the greater is the heat content and the greater the dis 
tance which the heat f the rior must be conducted 
to the quenching medium; therefore, the slower will be 
the cooling rate 

3 The higher the austenitizing temperature the 
greater will be the heat ntent of the steel section and 
the slower will be the cooling rats 

These factors and their relation hip to the heat af 
fected zone of a welded section have been thoroughly and 
admirably dealt with in a paper entitled ‘‘Metallurgical 
Changes at Welded Joints and the Weldability of Steels 
presented by Robert H. Abor t the A il Meeting 
in October 1940 and published in THe WELDING JOURNAI 
Research Suppl., 19 ~ 6-s (1940 There 
fore, only a brief review is presented here 

In the series of tests conducted for this investigatior 
we were concerned with several of the variables presented 
above The carbs tent 1 the illoy tent ) 
each steel remained « t t throughout the tests All 
of the quenching t ré ised were s ciently 
high to insure con plet nlity of the all ing ele 
ments and carbon in all tl 1 S The size f the se 
tion and the quenchant used were held constant We 
may, therefore, reduce the problem under consideratio1 
into two parts 

l Che comparative hardenabilities of five carbon 

manganese compositions when quenched from 
three austenitizing temperatures 1700°, 2100" and 


2500 
Z. The effects of raising t 


upon the 


he austenitizing temperature 


hardenabilit f each steel 
The comparative hardet 


1700° and at 2350” F. are shown in 
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used for this chart were the higher curves of the two runs 
since they represented the maximum hardenability each 
steel was capable of attaining at the designated quench- 
ing temperature. When quenched from 1700° F., the 
steels behaved in a manner which could be predicted 
from a knowledge of the chemical compositions. All of 
the steels were ‘‘fine grained’’ at 1700° F. with the ex- 
ception of steel 2C-26. The steels with the higher carbon 
contents showed higher hardnesses at the quenched end 
as would be expected. Steel 4F-14 with the highest 
manganese content exhibited the highest hardenability. 

At 2350° F. the steels were in the same order except 
for steel 3F-26 which had changed from a position be 
tween 1C-26 and 2C-26 to a position next to 4F-14. 
This is what could be expected of this steel when its 
grain size was comparable to the other steels since it 
contained the highest carbon content of the group and 
its manganese content was greater than 1C-26 and 2C-26. 

When the effects of increasing the austenitizing tem 
perature upon the hardenability of any one steel are 
considered it must be borne in mind that two factors 
are varying and that they act in opposite directions. In 
creasing the austenitizing temperature tends to increase 
the austenite grain size developed and to some minor 
extent, the homogeneity of the distribution of the alloy- 
ing elements, in this case chiefly manganese. Both of 
these changes would tend to increase the hardenability 
of the steel. However, the increase in quenching tem 
perature results in a materially increased heat content 
of the specimen and, since by far the greater portion of 
the heat in the specimen is removed from the quenched 
end, the rate of cooling of the specimen at all locations 


will be considerably reduced. The increase in 
size produced by heating the steels at 2100° F. as com 
pared to heating them at 1700” F. probably accounted 
for the higher hardenability exhibited by the steels whey 
quenched from the higher temperature. In some cases 
increasing the temperature to 2350° F. produced a con 
siderably higher hardenability by further increasing thy 
grain size. This point is particularly well illustrated jn 
comparing the hardness curves produced for samples 
3C-26 and 3F-26. As the grain size increased the hard 
enability of the steel likewise increased. In other cases 
increasing the temperature from 2100 to 2350° F. had 
only a slight effect upon the hardenability. Here thy 
increase in grain size produced a decrease in transforma 
tion rate sufficient to just offset the reduced cooling rate 
due to the higher austenitizing temperature used 


rain 


Metallographic Examination 


While the end-quench hardenability test was primaril; 
designed for the determination of hardness data the heat 
treated specimen affords an excellent opportunity for 
metallographic examinations to determine the micro 
structures of the steel responsible for the hardnesses ob 
tained, the austenitic grain size developed, and the gen 
eral structural characteristics of the steel under continu 
ous cooling at various rates. 

After the hardness tests had been conducted the speci 
mens were cut lengthwise on parallel planes | in 
from the quenched surfaces. The plane surfaces upor 


which the hardness tests had been made were polished 


mn {P| s|si| cr] ni | Mol _ _ 
1-C-26 |.25| | | | 
| 2-C-26 |.33| 1.05] 10 | | | | les 
26 |.26| 94/06/03 |"15|.08| | | 
-F —26 |,37) Ol .20 | | ] 4 
| = | | = | 
coh OS, 4 180% 
| 
t + + t 
= i 
369 t | 
| | 
16 | 
=e) 
2 4 6 8 10 12 14 16 18 20 6 ‘2 44 18 20 
(% IND (Ye IN (VIN) 1 
DISTANCE FROM QUENCHED END OF SPECIMEN, SIXTEENTHS OF INCH 
Fig. 16 
472-s WELDING RESEARCH SUPPLEMENT 


a 


¥ 
by 
Pig 
Ha 
Fic 
j 19 


> 
4 
a 
= — 


, * 
he + 
In 


~ 


la 

>» 
22 
Gd 

it 

Va. 

ae - = a 


Fig. 17—Quenched from 1700° F. s In. from Quenched End Fig. 21—Quenched from 2100° F Be See , 
rdness 255 D.P.H. Grain Size 6-8, Some 3. Steel 1C-26 Hardness 245 D.P.H. Grain Size 0-2. Steel 2C-26 


All photomicrographs etched in 2% Nital « 100 Fig. 22—Quenched from 2350° F In. from Quenched End 

Fig. 18—Quenched from 2100° F '/. In. from Quenched End. Hardness 245 D.P.H s-ain Size -1. Steel 2C-26 
Hardness 210 D.P.H. Grain Size 2-3, few 5's. Steel 1C-26 Fig. 23—-Quenched from 1700° F In. from Quenched End 
Fig. 19—-Quenched from 2350° F. s In. from Quenched End Hardness 260D.P.H. Grain Size 65% 6-8 35% 4-5. Steel 3C-26 


F Hardness 245 D.P.H. Grain Size 0-2. Steel 1C-26 Fig. 24—Quenched from 2100° F In. from OQuenched End 
fig. 20—Quenched from 1700° F. s In. from Quenched End. Hardness 235 D.P.H. Grain 
Hardness 240 D.P.H. Grain Size 3-5. Steel 2C-26. 
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Fig. 25—Quenched from 2350° F. 7/:« In. from Quenched End. Fig. 99 Quenched from 1700° F. °/, In. from Quenched End Fig. 
Hardness 272 D.P.H. Grain Size 0. Steel 3C-26. Hardness 240 D.P.H. Grain Size 8’s and finer. Steel 4F-14 2 
Fig. 26—Quenched from 1700° F. */,; In. from Quenched End. Fig. 30—Quenched from 2100° F. 1 In. from Quenched End Fig. 
s Hardness 250 D.P.H. Grain Size 7~& Steel 3F-26. Hardness 257 D.P.H. Grain Size 1-3. Steel No. 4F-14 é. 
i Fig. 27—Quenched from 2100° F. '/, In. from Quenched End. Fig. 31—Quenched from 2350° F. 1 In. from Quenched End Fig. 
Hardness 275 D.P.H. Grain Size 1-2. Steel 3F-26. Hardness 277 D.P.H. Grain Size 1-2. Steel 4F-14. é 
Fig. 28—Quenched from 2350° F. ‘*/; In. from Quenched End. Fig. 32—Etched in 2% Nital x 80. Steel 1C-26 Quenched from Fig. 
Hardness 275 D.P.H. Grain Size -2. Steel 3F-26. 1700° F. 1'/, In. from Quenched End. Hardness 152 D.P.H 1. 
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Fig. 33—Etched in 2% Nital «x 80. Steel 1C-26 Quenched from 
2350° F. 1'/, In. from Quenched End. Hardness 203 D.P.H. 
Fig _34—Etched in 2% Nital « 80. Steel 1C-26 Quenched from 
2350° F. '/\« In. from Quenched End. Hardness 415 D.P.H 
Fig. 35—Etched in 2% Nital 80. Steel 3C-26 Quenched from 
2100° F. '/, In. from Quenched End. Hardness 300 D.P.H 
Fig. 36—Etched in 2% Nital x 80. Steel 4F-14 Quenched from 
1700° F. 1'/, In. from Quenched End. Hardness 238 D.P.H. 
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Fig. 37—Etched in 2% Nital x 80. Steel 4F-14 Quenched from 
2100° F. 1'/, In. from Quenched End. Hardness 270 D.P.H. 
Fig. 38—Etched in 2% Nital x 80. Steel 3C-26 Quenched from 
2100° F. “/,, In. from Quenched End. Hardness 400 D.P.H 


and etched. At least one location in each specimen 
provided a structure from which the grain size developed 
by the steel at the aust nitizing temperature could be as 
certained 


7 


Photomicrographs are presented in Figs 
7-31 to illustrate the structures used for the evaluations 
Examinations of the polished surfaces also indicated 
the heterogeneity of the steels. Steel 1C-26 exhibited 
considerable inhomogeneity in the specimen quenched 
from 1700” F Note the differences in grain size and ex- 
tent of austenite decomposition in the structure of the 
area from the 1700° F. sample (see Fig. 17 Steel 3C- 
26 exhibited a similar condition (see Fig. 2: 

Kach sample was examined from one end to the other 
to determine the characteristic structures produced un 
der the conditions of the tests Some of the structures 
found have already been illustrated in the photomicro 
graphs presented for grain size determinations. Other 
characteristic structures are shown in Figs. 32-38. 
Sample 1C-26 when quenched from 1700° F. did not 
fully harden even at the quenched end which consisted of 
ferrite and fine pearlite distributed as shown in Fig. 17 
As the distance from the quenched end increased, the 
quantity of ferrite became greater until only a few 
patches of pearlite remained. Figure 32 illustrates the 
type of structure found 


’ s in. from the quenched end 
The intermediate structures were combinations of Figs. 
17 and 32 At 2100” F. the steel consisted of martensite 
at the quenched end and as the distance from the 
quenched end increased some fine pearlite was found at 
the grain boundaries. Slightly farther on ferrite was 
precipitated in the grain boundary and as the cooling 
rates decreased, more ferrite was found in the grain 
boundaries and the Widmanstatten type of structure, 
illustrated in Fig. 18, became more and more dominant 
until at a distance of about | in. from the quenched end, 
the structure became that of Fig. 33. A sample of this 


steel quenched from 2350" F. had slightly coarser grain 
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size and contained the structure shown in Fig. 34, at the 
quenched end and to a distance about */3. in. from the 
quenched end—otherwise the structures were similar to 
those found in the steel when quenched from 2100” F. 
However, at a distance 1'/s in. from the quenched end 
the microstructure was more like that of Fig. 18 except 
for the size of the grain. 

Sample 2C-26 when quenched from 1700” F. was fully 
martensitic at the quenched end but at a distance about 

64 in. from the quenched end showed precipitation of 
small amounts of fine pearlite and in some cases an acicu- 
lar type structure in the grain boundaries. These two 
structures gained in prominence until at a distance of 
about '/,; in. from the quenched end the structure con- 
sisted chiefly of fine pearlite with some acicular precipita 
tion of ferrite. This structure is well illustrated in 
Fig. 20. At 1'/sin. from the quenched end the structure 
remained practically unchanged. When quenched from 
2100° F. the grain size was greatly increased and grain 
boundary precipitation of pearlite and the acicular struc 
ture came at a distance about '/s in. from the quenched 
end. Proceeding farther from the quenched end, ferrite 
precipitation in the grain boundaries became prominent 
and pearlite and martensite were found together. Ata 
farther distance, martensite disappeared and pearlite 
became the dominant structure. This final structure 
is adequately illustrated in Fig. 24. When quenched 
from 2350° F. the microstructures were essentially the 
same, the chief difference being an increase in grain size. 

Steel 3C-26 apparently attained full hardness when 
quenched from 1700° F. At about */ in. from the 
quenched end, ferrite precipitation in the grain bounda- 
ries became apparent and at a short interval ferrite 
and pearlite became the dominant structure as shown in 
Fig. 23. At 1'/s in. the structure was essentially pearlite 
and ferrite with a distribution similar to that of Fig. 33. 
The structure of this steel at the quenched end of the 
specimen quenched from 2100° F. is illustrated in Fig. 
35. Ferrite precipitation in the grain boundaries be- 
came apparent at a distance approximately '/, in. from 
the quenched end at which position nodular fine pearlite 
was also found (see Fig. 38). As the distance from the 
quenched end increased the Widmanstatten type of fer 
rite, precipitation became more and more prominent 
until a structure similar to that of Fig. 33 was found. 
The structures in the sample quenched from 2350° F. 
were essentially the same as those in the sample quenched 
from 2100” F. except that the occurrence of the various 
constituents appeared at positions farther from the 
quenched end. The structure 1'/s in. from the quenched 
end was similar to Fig. 24 except the grain size was con- 
siderably larger. 

Steel 3F-26, when quenched from 1700° F. indicated 
full hardening in the zone immediately adjacent to the 
quenched end and this zone continued to a depth of ap 
proximately '/i, in. at which position grain boundary 
precipitation of pearlite commenced. Pearlite rapidly 
became dominant and within a short interval ferrite was 
encountered as illustrated in Fig. 26. The structure at 
1'/s in. from the quenched end was a fine distribution of 
pearlite and ferrite as would normally be expected in a 
steel of this type when normalized from 1700° F. The 
sample quenched from 2100° F. was also full hardened at 
the quenched end and at a distance of approximately 
'/16 in. from the quenched end an acicular product, sjm1 
lar to that shown in Fig. 37, was precipitated in the 
grains starting at the grain boundarjes. This acicular 
product increased in prominence and then gradually 
gave way to a structure consisting of fine pearlite with 
ferrite in the grain boundaries. At a distance 1'/s in. 
from the quenched end the structure was essentially that 
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of Fig. 27 except for a much larger grain size. The stry 
tures of the sample quenched from 2350” F. were simi! 
to those in the sample quenched from 2100° F. 

Steel 4F-14, when quenched from 1700” F., exhibited 
a very fine martensitic structure at the quenched 
and as the hardness decreased, the presence of ferrit: 


the grain boundaries was observed. The quantity oj 
pearlite gradually increased as the distance from the 
quenched end increased. The structure at a distance of 


1 in. from the quenched end consisted of fine distributio 
of pearlite in ferrite as would be expected (see Fig 
When quenched from 2100° F. the structure was mu 
coarser and the distance at which martensite prevail 
was much greater. Some precipitation of ferrite in th: 
grain boundaries was observed at a distance of 
from the quenched end. At a distance of | in. from th 
quenched end the structure was that of Fig. 37. Th: 
structures in the sample quenched from 235 

similar to those in the preceding sample. 

The structures produced by quenching samples from 
1700° F. are quite familiar to those dealing with medium 
and low carbon unalloyed steels. However, the stru 
tures produced by quenching from 2100” and 2350° F 
are not so familiar. There are little published data on 
the microstructures of steels which have been austeni 
tized at these temperatures. Since these are the stru 
tures that are likely to be encountered in the welding of 
carbon-manganese steels and since the microconstituents 
formed from the decomposition of austenite and the typ: 
of distribution of these microconstituents determine, t 
a large extent, the mechanical properties of the weld, it 
was deemed advisable to include some of the representa 
tive structures with this contribution to the problem 


F. were 


Conclusion 


Curves have been presented which indicated thi 
creasing hardenabilities of the five steels as the aust: 
tizing temperature was increased from 1700” to 2100 
F. and 2350° F. The steels were found to vary in tl 
behaviors under these heating conditions but esse1 
tially they behaved in a manner which could be predict: 
from a knowledge of the chemical composition and grai 
size [The test, however, gives quantitative hardn 
data indicating the hardening power of the steels at 
ous cooling rates. Since the cooling rates presente 
the top of the A.S.T.M. hardenability charts pertain t 
the rate of cooling through the temperature level 
1300° F. when the austenitizing temperature was |/ 
F., they are not exactly applicable to the specimens whe! 
the higher austenitizing temperatures are used 
order to correlate the quantitative data obtained 
end-quench hardenability tests it would be necessary 
determine the cooling rates of the specimens at vari 
locations when the austenitizing temperatures wert 
creased and then determine the cooling rates in the ‘‘h« 
affected zone”’ of the particular weld under considerat: 

Attention has also been called to the desirability o! 
amining the miucrostructures produced in the « 
quench hardenability specimen in order to determin« 
grain sizes developed at the various austenitizing 
peratures and to determine the general characterist: 
the microconstituents which likely would be found in th 
heat-affected zone of welds made with the steel bemg 
considered. 

This paper merely presents the data obtained 11 
the desired tests and points out the possibilities from th 
metallurgists’ viewpoint of this type of test for determ! 
ing some of the characteristics of a steel proposed 10! 
welded structures. It will be left to the welding « 
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neers and their associates to evaluate the test from their 
poit ts of view and to recommend its adoption or rejection 
as a method to serve as a criterion for the desirability of a 
steel for a particular purpose. 
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Weldability Tests of Carbon- 


Manganese Steels 


By C. E. Jacksont, M. A. Pugaczt and G. G. Luther’ 


Introduction 60 | = 
WO surveys of tests for weldability of steels have | } | 
been submitted by the present authors during the 
past two years. The first of these, “A Com- “il | 
parison of Tests for Weldability of Twenty Low-Carbon | | | 
Steels,”! presented a comparison of eight types of tests 
for weldability. The second, ‘“Weldability Tests of | 
. . 3 0} t t ; ; 
Nickel Steels,”* showed the application of these test 
methods to a study of the weldability of a series of 24 
low-alloy nickel steels. From the results given in these A | CHROMIUM ze 
two reports, the following test methods seem to give the =~ 
most consistent results: 
* To be presented at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct = | |} SILICON | | 
12 to 15, 1942 Contribution to the Industrial Research Division, Welding - + t + {>> 
This paper represents only the personal opinions of the authors and in no aw | } I t | | 
way reflects the official attitude of the U.S. Navy _ 12 ; 
t Division of Physical Metallurgy, Naval Research Laboratory, Anacostia > } NICKEL AND COPPER i 
Station, Washington, D. C. ~ | 
| | 106 6 20 “30 
| | | . 
| | "PHOSPHORUS 
32}— + | | 
+ } Se 
le) 0104 | | | 
UR 
26} 4 4 + 4 
24 MULTIPLYIN FACTORS FOR A ATION EFFE of 
| VARIOUS ELEMENT N MARDENABILITY. SEE FIG. FOR 
CARBON MULTIPLYIN FACTORS. (GROSS MANN) 
Fig. 2 
u / ‘RE 1. V-notched slow-bend test 
= + on - + + + + 4 
7} 2. Tee-bend test 
| / | ‘ 
6 + 3. Maximum hardness. 
Within the range of steels studied, there appears to be a 
: / YY | correlation between these three methods for carbon and 
Se | nickel steels. It is to be expr cted that this correlation 
9 12-4 | : | will be found to hold for all steels which are not com- 
Y | plicated due to the presence of carbide-forming alloying 
+ + + + + > + 
4 a | Object of Tests 
| | | is a report of the investigation of the effect of the 
50 carbon and manganese contents on the mechanical prop 
CARBON, PERCENT 
HARDENABILITY OF PURE IRON CARBON ALLOYS erties and we Idability of steel. In determining the weld 
EXPRESSED AS IDEAL CRITICAL DIAMETER ability of this series of steels, emphasis was placed on the 
V-notched slow-bend test. For comparison a few Tee- 
Fig. 1 bend data and a preliminary survey of the hardness were 
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TABLE I 


CHEMICAL ANALYSIS OF STEELS USED IN THIS STUDY 


Steel No. Type Cc Mn 
lps Ingot Iron Normalized 0.05 0.03 
1B Commercial, As-rolled 0.10 Oh 
2D Experimental Normalized 0.13 0.L0 
LB Commercial, As-rolled 0.18 0.L0 
2R Commercial, As-rolled 0.12 0.41 
3D Experimental Normalized 0.12 0.53 
Lp Experimental Normalized 0.17 0.10 
3B Commercial, As-rolled 0.17 
9B Commercial, As-rolled 0.25 0.47 
5D Experimental Normalized 0.16 
éD Experimental Normalized 0.12 0.L5 
7D Experimental Normalized 0.17 0.18 
8D Experimental Normalized 0.23 0.53 
9D Experimental Normalized 0.18 0.2 
SB Commercial, As-rolled 0.19 0.b1 

12B Commercial, As-rolled 0.28 
11B Commercial, As-rolled 0.27 
Commercial, As-rolled 0.50 
8B Commercial, As-rolled 0.2) 0.48 
10B Commercial, As-rolled 0.25 0.57 
6B Commercial, As-rolled 0.19 0.51 
1s Commercial Normalized 0.20 0.42 
10D Experimental Normalized 0.22 0.53 
1R Commercial Normalized 0.26 0.45 
2R Commercial Normalized 0.30 0.52 
1c Commercial Normalized 0.23 0.39 
15B Commercial, As-rolled 0.64 
198 Commercial, As-rolled 0.50 0.58 
14B Commercial, As-rolled 0.35 0.68 
11D Experimental Normalized 0.29 0.97 
17B Commercial, As-rolled 0.65 
2c Commercial Normalized 0.31 0.68 
12D Experimental Normalized 0.36 0.99 
16B Commerical, As-rolled 0.43 0.79 
2F Commercial Normalized 0.2% 0.78 
13E Commercial, As-rolled 0.25 1.06 
13D Experimental Normalized 0.3k 1.67 
3F Commercial Normalized 0.3k 0.90 
3c Commercial Normalized 0.30 0.95 
20B Commercial, As-rolled 0.54 0.€2 
1hD Experimental Normalized 0.36 1.448 
LP Commercial Normalized 0.31 1.446 
* Arranged in order of fusion line calculated 


also included. Mechanical properties of the plate ma- 
terial and some data regarding the hardenability* of the 
steels are also reported as an aid in interpreting the 
results of the weld tests. 


* Recently Grossmann! proposed a method of calculating hardenability of 
a steel from its chemical composition. In the method proposed a steel is 
considered as having a base hardenability due to its carbon content alone, 
and this base hardenability is multiplied by a factor for each chemical element 
present After multiplying all these together, the final product is the harden 
ability. Grain size may be taken into account either on the base hardenability 
or after multiplication. Hardenability is stated in terms of “ideal critical 
diameter,’ namely, the diameter of bar in inches that will just harden all the 
way through in an “ideal quench" (a quench in which the outside surface of 
the specimen is reduced to the temperature of the quenching medium in zero 
time). The factors for the carbon content of a steel with a given austenitic 
grain size may be obtained from Fig. 1 Factors for the other constituents 
may be obtained from Fig. 2. The following composition for steel No. 1¢ 


may be used as an illustration of the method of calculation (austenitic grain 
size 6): 


Composition Per Cent Factor 
0.23 0.18 Fig. 1 
Mao 0.39 2.40 Fig. 2 
Si 0.16 1.15 Fig. 2 
P 0.010 1.03 Fig. 2 
5S 0.037 0.97 Fig. 2 
Cr 0.04 1.08 Fig. 2 
Ni 0.09 1.04 Fig. 2 
Cu 0.22 1.08 Fig. 2 
Product of factors 0.60 in. 


In other words, in a steel with the above composition with an austenitic 
grain size of 6, a round bar 0.60 in. in diameter will harden throughout in an 
ideal quench. It is important to note the effect of grain size in any steel 
For example, a shift in grain size from 6 to 2 in the above steel will change the 
factor for carbon (Fig. 1) from 0.18 to 0.26 resulting in the hardenability 
product changing from 0.60 to 0.87 in 
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Si S P Cu wi Cr 


0.004 0.036 0.000 
0.032 0.028 0.014 


0.03h 0.016 
0.002 0.031 0.013 
0.030 0.022 0.035 
0.12 0.052 0.006 
0.39 0.031 0.012 
0.17 0.007 0.032 
0.003 0.029 0.011 
0.035 0.015 
0.034 0.015 
0.0 0.032 0.007 
0.15 0.051 0.009 
0.36 0.030 0.013 
0.14 0.011 0.0L0 
0.058 0.042 0.017 
0,002 0.017 0.045 
0.C23 0.047 0.021 
0.23 0.011 0.027 


0.006 0.018 0.040 


0.05L 0.017 0.033 


0.05 0.032 0.012 0.05 0.00 0.04 
0.034 0.015 
0.01 0.032 0.008 0.16 0.06 0.05 
0.01 0.042 0.011 0.27 0.08 0.06 
0.16 0.037 0.010 0,09 0.09 0.0L 
0.002 0.050 
0.005 0,016 
0.23 0.03L 0.008 
0.16 0.050 0.006 
0.?k 0.029 0.010 
0.19 0.037 0.012 0.15 0.02 0.06 
0.16 0.049 0.005 
0.27 0.041 0.041 
0.22 0.00 0.023 0.21 0.05 0.06 
0.25 0.002 0.017 
0.16 0.049 0.006 
0.22 0.032 0.013 0.21 0.06 - 0.C6 
0.18 0.028 0.012 0.09 0.00 0.10 
0.28 0.030 0.02), 
0.15 0.05L 0.006 
0.25 0.031 0.013 0.09 0.05 


hardenability (Table 


Composition and Properties of Material Used in Tests 


Twenty-nine commercial steels were available for 
tests. Nine of the steels—1C, 1R, 1S, 2C, 2R, 2F, 3C, 
3F and 4F-—were portions of '/2-in. plate from heats 
supplied for the research project under the sponsorship 
of Committee II, Industrial Research Division of the 
Engineering Foundation. The other twenty commercial 
steels were those which have been obtained from time to 
time. All the hot-rolled steels were '/, in. thick. 

In order to cover the desired range of carbon and 
manganese, it was necessary to supplement these steels 
with experimental heats. Thirteen 80-lb. experimental 
heats were made in a 100-Ib. high-frequency melting 
unit. Most of these heats were melted in a basic crucibk 
and were fully killed with silicon and a 0.06% aluminum 
addition. The ingots were cast into metal molds 
After removing the pouring head the entire ingot was 
rough machined and then forged into a slab with a cross 
section of approximately 2x 6in. The slabs were further 
reduced by hot-rolling to '/, in. in thickness. 

Because of the effect of variations in finishing tempera 
tures the '/;-in. plates for all the experimental steels 
were normalized for one hour at 1650° F. in a controlled 
atmosphere furnace. Commercial steels 1S through 4F 
were also given a similar treatment. 
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Tame It The compositions of the steels as determined by 
MECHANICAL PROPERTIES OF STEELS USED. IN THIS STUDY chemical analysis are given in Table 1. Tensile properties 
Yield Tensile Reduction in the longitudinal direction and hardness numbers of 
the plate material are given in Table 2. Transformation 
Dp 1620 39200 51k 77-4 5c 120 122 temperatures as determined by a dilatometer are shown 
i330 $3180 39.3 67.6 125 a77 in Table 3, with a cooling rate of 18° C. per minute being 
4.0700 61300 33.6 60. ni 13 poe 
372 $7300 35.3 6.6 19 135 182 used in all cases. 
46000 621400 69.0 121 153 
41650 63650 43.6 69.0 123 ug 170 
19650 «61750 32.8 100 162 17h Welding Technique 
9200 67000 38.9 57.7 121 152 167 
46300 634400 71.1 123 ? 163 
600 61900 71.2 123 15 179 In making comparative tests is essential hold 
45200 67100 39.6 65.5 130 167 nce 
= conditions as constant as | ible: het ce, full auto 
: 4.2800 66000 3-7 62.8 129 151 a7 matic welding control was used. All of the electrodes 
(0800 664, 38.5 59.7 120 : 
: . used in these tests were supplied by one manufacturer. 
These electrodes were of mild steel, heavy coated, 
: 57250 94200 26.0 33-8 121 192 206 versed polarity (grade EA, Class 1) with */j.-in 
41200 67600 35.1 $5.2 116 us 152 diameter core. 
40000 63350 43.6 64.7 123 139 15k 
4000 59800 66.8 113 122 163 
1.9800 74200 36.0 59.9 16 1 179 TABLE IV 
S00 65900 40.0 0.6 123 127 179 
4.9200 76700 34.2 $1.1 137 183 SLOW BEND (V-NOTCHED) TEST RESULTS (175 ar.) 
47600 68700 39.0 59.7 123 137 177 
76300 99800 20.0 40.6 187 205 204 Plate Bead « Weld 
50300 96700 26.8 187 203 18k, “Tngle Wax Tngle 
83500 35-7 55.2 165 19% 177 3 Load = Lbs. D d - 
54.900 104,700 22.8 40.1 232 220 265 1B 76° 4290 76° $210 
9700 80300 35.0 $7.1 153 151 204, 2D hie 4060 jie 4370 
61,300 89550 33.6 0.5 170 1& 189 LB 25° 34,80 25° 4060 
B 60800 107600 26.1 48.¢ 197 216 212 2B 63° 4790 63° 3210 
55500 81900 36.2 60.0 TI 157 208 
105 19° 670 
$9000 86600 3.2 62.6 163 192 173 
7595 102200 ».5 65.3 197 206 20k 3B ike 3590 
1100 89200 62.3 195 193 232 
50800 82200 35.7 63.0 162 162 215 98 31 24 La 
67000 121200 16.4 32.1 235 252 254 5D 61° 4670 37° 4500 
r 74500-10200 32.5 63.3 197 206 179 
644800 96200 31k 62.3 195 193 232 
44000 21° 4100 
D 28° 12° 3870 
SB Lie 3960 ule 
128 3580 12° 
TABLE III lls 22° 3940 10° 3840 
188 ue 3520 ke 
TRANSFORMATION TEMPERATURES AS DETERMINED 8B 10° 2980 1° 4100 
BY DILATOMETRIC STUDIES 108 23° 3610 16° 1,000 
Steel No. Ac) Acy Ary ary é l 
B oe 4,000 jie 4320 
we 1 580 1270 30° 4135 
660 1580 916 1681 903 1657 879 1614 10D 26° 4260 23¢ 4720 
72h 1335 856 1573 819 1506 759 «1398 1R 25° 3650 
D 725 1337 87 1605 832 1530 772 1h22 22° 4060 13° 
LB 723 1333 831 152 782 664 1227 
2B 723-1333 655 1571 1389 ic 250 090 4170 
lie 410 ke 43S 
720 1328 852 1566 Goh 72h 1335 198 hie 4590 Like 
ests 137 864 1587 803 1h75 Tk 1372 18° 330 Ro 4310 
B 723-1333 836 1537 795 1463 664 1227 19° 1,390 13° 
72k 1335 1499 772 666 1231 
5D 735 1355 869 1596 82 151 
178 Be 482 be 4760 
: 725° 1337 869 1596 820 1508 772 2c 21° ub 8s 4640 
: 732 1350 851 1564 603 1477 732 1350 12D i7° 46? 
eats 726 1339 822 1512 768 655 121 168 12° 5120 
735 1355 852 1566 806 1463 7h2 12368 2F 25° 13° L690 
B 72k 1335 826 1519 783 665 1229 
the 19° 4010 ge 3950 
722 1332 806 1483 1373 118 130 is° 54,00 7° 
rcia Tl? «1323 79% 1373 640 118, 1é° ge 47 
725 «1337 756 «1393 713-1315 666 1231 13° 4030 ie 4590 
72 1335 850 1562 771 1420 665 1229 20R Le 4630 2° 4650 
B 723 1333 807 1485 771 120 665 1229 
we 250 Be 4770 
and 6 723 1333 830 1526 775 664 1227 us 13° 5420 L580 
718 839 790 672 12k2 
734 1353 830 1526 782 663 1225 
ntal 728 1497 766 705 1301 
730 1368 69 1238 Methods and Results of Welding Tests 
le 730 13hé 26 1519 778 ©1432 659 1218 
58 713 1325 760 20 689 127 631 1166 The f section eTe 
198 720 «(1328 760 1400 "ms ins Phe following sections describe the tests as they were 
id S19 1506 771 1420 653 1207 performed and present the data obtained from the tests 
lds 725 1337 797 1467 733 «1351 638 11 
. on the present series of experimental and commercial 
was 178 710 1310 thé 1375 628 1162 1078 
2D 722 1332 78 1438 710 310 639 1162 
ther 16B 725 461337 772 22 7 129% 65h 1209 
730 13hé 813 1368 649 1200 
V-Notched Slow-Bend Tests 
era 722 79% 722 1332 1164 
71 1312 778 1432 676 12L9 582 108 
713 1326 8 1198 Single bead welds were deposited on plates 6 in. wide 
re 725 «(1337 m8 1378 666 1231 631 1168 by 7 in. long by in. thick transverse to the direction of 
726 777 695 1283 rolling by using automatic welding (175 amps, 26 volts 
*Rate of ccoling 18° Cc. (32° F.) per mimte and a speed of travel of 6 in per minute. otrips were cut 
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Fig. 3 


1'/. in. wide transverse to the direction of the bead weld. 
Only sufficient metal was removed from the top surface 
to eliminate irregularities. Material was then removed 
from the lower surface to obtain a specimen 0.375 in. 
thick. The specimens were etched in a 5% nital solution 
and the location of the V-notch was determined by 
scribing a line on the side of the specimen parallel to and 
at a distance of 0.315 in. from the bottom of the spect- 
men. The V-notch was located at the point of inter- 
section of this line with the line of fusion between the 
weld metal and the plate material. In this manner the 
apex of the standard V-notch was machined tangent to 
the fusion line. For comparison a similar specimen pre- 
pared from the unaffected plate material was also tested. 
The specimens were bent to failure in the guided-bend 
testing jig. The angle at maximum load for each spect- 
men was noted and stress-strain diagrams were obtained. 
Data obtained from this test are presented in Table 4. 


Tee-Bend Test 
Tee-bend specimens were prepared as follows: a 6 
x 12 in. piece of the plate was cut with the long dimension 
TABLE V 


TEE-BEND TEST RESULTS 


Angle 
Steel No. Degrees Load =~ Lbs. Fracture 
1p 75 4530 None 
1B 54 Bond - 
2D 68 6350 Plate xv. Bond Slight 
LB 61 5620 Base - 1/2 
2B 61 4860 Bond - Slight 
3D 67 5470 None 
up 68 6240 Bond & Plate Slight 
38 37 51L0 Bond & Plate Laminated 
9B 60 7290 Base ~ 1/2 Sharp 
5D 67 5950 Bond & Plate Slight 
6D 68 suic Bond & Plate Slight 
7D 69 7210 Plate 1/2 
8D 69 5540 Bond Slight - Plate 1/3 
68 6100 Plate 1/2 
SB 7h 110 Base Slight 
128 32 6710 Bond 1/2 
ils 55 6860 Base 1/2 Sharp 
158 21 6090 Base Complete 
8B 16 4580 Bond & Plate Laminated 
108 61 5530 Base 1/2 
63 67 5860 Base Slight 
13 69 5520 None 
10D 61 7610 Plate 3A, 
1R 68 5850 None 
2R 66 6750 Plate 1/2 Sharp 
lc 53 6530 Bond 1/2 
7 6150 Base 1/3 
198 22 6.x Base 1/2 Sharp 
1 Su 6200 Plate 1/2 
37 6640 Base 1/2 Sharp 
2c & 7270 Plate 1/2 
12D kl 6060 Plate 1/2 
16B 8 5410 pase 1A, sharp 
2F 42 6970 Plate 1/3 
138 ub 6530 Bond 1, 
139 18 6290 * “Plate 1/2 
36 6580 Plate 
3c LS Plate 1/2 
208 L 7100 Base & Bond 
Lp 26 6510 Plate 172 
ur 21 6900 Plate 1/) Laminated 
480-s 
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TABLE VI 


MAXIMUK HARDNESS, FUSION LINE GRAIN SIZE AND 
CALCULATED HARDENABILITY FOR BEAD-WELD (175 AvP.) 


Maximum Hardness Pusion Line Calculate 
$teel No Vickers 10 Kg. Knoop Grain Size 
120 122 2 
1B 1s0 164 4 
2 176 20k 6 
181, 227 
197 240 3 
3D 173 204 0.h8 
195 220 0 
38 193 20k, 
7B 1 2% 3 
6D 198 6 
7D 170 208, 0.56 
& 19€ 21 5 0.58 
5D 193 218 5 0.59 
18 193 5 0.60 
SE 195 2uy 3 0.42 
123 256 278 5 0. 
27 3 0.65 
188 327 350 5 0.68 
218 227 0.68 
103 200 215 0.69 
6B 193 215 3 0.71 
1s 185 235 3 0.7" 
212 227 5 0.7% 
18 223 276 2 0.77 
2R 300 u 0.95 
4 212 288 2 0.87 
15B 357 Lx 5 0.92 
19B 325 367 3 0.95 
LUB 270 318 u 1.« 
1D 238 278 L 1.09 
17B 315 52 u 1.12 
2c 260 oO 3 1.21 
12D 282 318 L 1.26 
16B 317 333 5 1.28 
2F 26, 30 4 1.30 
138 357 4 1.35 
38é 508 5 
278 376 3 1.76 
398 2 1.78 
20B 463 2 1.79 
up 390 508 3 1.8; 
uF 393 552 3 2.39 


parallel to the direction of rolling. A piece 4 x 6 in. of 
the same material was cut with the short dimension 
parallel to the direction of rolling. The two pieces were 
joined in a Tee assembly using double fillet welds with a 
leg dimension of '/, in., the length of the welds being 
transverse to the direction of rolling. Welds were con- 
tinuous and made in one pass. One fillet was made and 
the specimen allowed to cool to atmospheric temperature 
before the second fillet was welded in the same direction, 
that is, welding was started from the same end of the 
assembly. The welds were made with the same type of 
electrodes that were used in previous tests. A current oi 
175 amps, an arc voltage of 26 volts, and a speed of travel 
of 6 in. per minute were maintained automatically. Sui 

able positioning was used to permit all beads to be di 

posited in a downhand position. 

Two Tee-bend specimens 1'/, in. wide were cut from 
the assembly, and were tested in a jig. The specimen was 
held securely to prevent any side or end movement and 
to force the bending to occur uniformly at the toe of each 
fillet when pressure was applied to the back of the speci- 
men by means of the plunger. The jig was operated by 
a hydraulic testing machine. A stress-strain recorder 
was used to study the loading behavior of each test 
specimen. The angle to which the base of the Tee was 
bent at maximum load was noted, together with the load 
and type of fracture that occurred at failure. Data : 
the Tee-bend performance are given in Table 5. 


Maximum Hardness of Bead Welds 


A Vickers hardness survey was made on test pieces 
from the same bead welds that were studied in the slow- 
bend test. The hardness impressions were made with 4 
diamond pyramid indenter and a 10-kg. load. Figur 
3 shows the type of survey used for the test specimens 
The two series of readings on the side along the fusion 
line, in most cases, contained the indent corresponding 
to maximum hardness. Indentations were spaced 0.0 
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mm. (0.020 in.) apart. Test values for maximum hard 
ness are reported in Table 6. 

Knoop hardness numbers were also determined on test 
pieces covering all the welding conditions studied. A 
load of 0.2 kg. was used in all cases. (A discussion of the 
use of Knoop hardness numbers in studying weld harden- 
ing has been presented in a previous publication. In- 
dentations were made with a separation of 0.1 imm. 
0.004 in.) across the heat-affected zone with particular 
attention being given to the fusion line. The point of 
maximum hardness usually occurred 0.1 mm. (0.004 in.) 
to 0.2 mm. (0.008 in.) away from the deposited metal into 
the base metal. This phenomenon, of course, could not 
be detected with the Vickers method. Test values for 
maximuni Knoop hardness are reported in Table 6. 


Microstructure at Fusion Line 


Figure 4 presents photographs at 100 times magnitf- 
n of the microstructure at the fusion line for typical 
175 ampere bead welds. A considerable variation is 
lound in grain size in the heat-affected zone. In Table 
6 is given the A.S.T.M. grain size fer the structure which 
shows the greatest grain growth. It is important to not 
hat it is this grain size which influences the harden 
ability and mechanical behavior of the fusion zone. The 
results obtained from calculation of the hardenability of 


the zone of grain growth using methods proposed by 


Grossmann are also given in Table 6. The relation of 
hardenability as determined by calculation from the 
chemical composition to weldability test data is pre 
sented in Figs. 5 to 9, inclusive 

The dispersion for some of the data appears excessive. 
However, with the exception of the steels tested in the 
as-rolled condition the trend of the data is definite. Two 
factors operate in dispersing the data for the steels in 


the as-rolled condition. First, no chemical analyses were 
made for incidental elements he presence of a total of 
less than 0.50% of chromium, nickel or copper, for ex- 
ample, may double the value for calculated hardenability. 
The importance of a complete knowledge of the extent of 
incidental elements cannot be overemphasized. This 


caution applies to all the data presented in Figs. 6 
through 9. The second factor which causes scattering of 
the data for the steels in the as-rolled condition is ob- 
served in the Tee-bend and slow-bend tests. The high 
rank of the Committee II steels which were in the 
normalized condition is an indication of the improvement 
in test data which might be expected by a normalizing 
treatment of the as-rolled steel Chis factor has little 
or no influence on maximum hardness or transformation 
temperatures 

In some steels such as 4F and others which yield an 
acicular structure in the heat-affected zone, difficulty is 


encountered in establishing calculated hardenability. 
This 1s probably due to the difficulty in determining the 
austenitic grain size at the fusion zone. Care must be 


taken in applying the calculation to any alloyed steel as 
the combination of mechanical properties obtained for 
an alloy steel may show unusually high ductility although 
the maximum hardness determined may conform to the 
general pre diction 
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Discussion of Tests 


, maximum Knoop hardness number of 300 is taken 


as the limit for straightforward welding, the limits of the 
other tests may also be determined. For example, a 
maximum hardness of 250 in the Vickers test or a mini 
mum of 60 of bend at maximum load will be required for 
the Tee-bend test and a minimum of 20° of bend at 


maximum load will be required for the slow-bend test. 
It is important to note that this corresponds to the be- 
havior of a carbon-manganese steel with a hardenability 
in an ideal quench for a round approximately one inch in 
diameter. It may also be pointed out that this classi 
fication corresponds to an Ar; transformation tempera- 
ture of 760° C. (1400° F.) with a cooling rate of 18° C. 

F.) per minute. The limits for test values may be 
set up for any range. For example, a maximum hardness 
of 350 Vickers will correspond to a Knoop hardness 
number of 425, a minimum of 12° of bend at maximum 
load for the slow-bend test, and a minimum of 40° of 
bend at maximum load for the Tee-bend test. This is 
roughly equal to a hardenability of a 1.6-in. round and an 
Ar; transformation of 720° C. The determination of 
dilatometric transformation temperatures at the higher 
cooling rates encountered in actual welding conditions 
will probably be very enlightening and profitable. 

By calculation in accordance with Grossmann’s method 
we can arrive at carbon-manganese ratios which will give 
the limits for satisfactory ease of weldability. These 
calculations have been made and from Fig. 10 the rela- 
tive weldability of any carbon-manganese combination 
may be predicted for zero and 0.20% silicon steels with 
low sulphur and phosphorus. The presence of 0.20% 
silicon is effective in reducing the manganese or carbon 
content permissible for straightforward welding. These 
calculations are made assuming plain carbon-manganese 
steels with no incidental alloying additions and a fusion 
line grain size of 3 in the heat-affected zone of a single 
bead weld. 


Discussion of Weldability of Steels Used in This Study 


The results for all the tests rank ingot iron as the least 
alfiected by the welding technique used in this study. 
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Fig. 10 
Likewise, the results for all the tests rank steels Nos. 


14D and 4F as having low weldability. The rank of 
we Idability for the normalized steels as deduced from the 


present series of tests is summarized in Table VII. The 


relative rank of weldability is obtained by adding the 
rank given to each steel by each test The average de 
viation from the relative rank for each steel in the series 
is low. 


TABLE VII 
SUISLAFY OF DATA ON NOPMALIZED STZELS 

Slow-Bend Maxi ardness Hardenability 

Steel No. (175-amp. ) Tee-Bend Vickers Enoop Calculated — Rank Total Relative Rank 
1D 1 1 1 1 1 1 6 1 
2D § § 4 4 2 é 22 2 
3D 11 10 3 5 6 3 58 § 
4D 4 6 : G 7 4 59 6 
6D 2 7 7 3 4 § 28 3 
7D 8 2 2 6 8 ° 34 4 
8D 17 3 10 7 12 7 56 10 
5D 3 11 8 8 3 8 41 8 
9D 10 8 5 2 § 9 39 7 
1s 6 + o 11 9 10 +0 

10D 2 13 11 10 10 11 64 ll 
1R 7 & 13 12 13 12 5 12 
2R 14 12 15 15 14 13 14 
1c 12 16 2 14 11 14 7 13 
11D 15 15 14 13 16 16 8 15 
2 13 14 17 17 17 16 4 16 
12D 18 19 19 16 0 17 109 18 
2F 16 18 20 18 15 18 105 17 
13D 22 23 21 21 2e 19 128 21 
3P 20 20 18 19 19 20 11 20 
3c 19 17 16 20 18 21 111 19 
14 21 21 2 22 23 22 131 22 
4F 23 22 23 23 21 23 136 23 

average 

Deviation 2.0 2.1 1.4 » 1.4 1.0 

Prom Relative 


Rank 
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Fig. 11 


It is to be noted in a study of the tests for weldability 
for the complete series of steels that normalizing the 
plate material will have little or no effect upon the test 
values obtained for maximum hardness as measured 
either by the Vickers or the Knoop method. A normal- 
izing treatment before welding, however, has a decided 
influence upon the ductility of the material backing up 
the heat-affected zone. The low ductility obtained in the 
steels tested in the as-rolled condition for the slow-bend 
and Tee-bend tests (Figs. 5 and 6) indicates unpredictable 
ductility performance under a welding operation. For 
an accurate evaluation of the weldability of a steel some 
consideration should be given to the ductile properties of 
the steel in the condition in which it is to be fabricated. 
On the other hand, in order to determine the effect of 
changes in compositions, it is essential to establish some 
common basis for comparison; hence, a normalizing 
treatment is recommended. 


Summary and Conclusions 
The factors related to the weldability of a steel may be 


correlated with a fair agreement between the various 
test methods. The relation of the angle at maximum 
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load for Tee-bend and slow-bend specimens is given jp 
Fig. 11. Additional data should be obtained in order to 
determine more accurately the limits for the applic: 
of hardenability determined by calculation, as w: 


ALI) 


i aS 


actual measurements by using a Jominy end-quench t ype 
of specimen. Tentatively, a limit of hardenability of g 
|.0-in. round in an “ideal quench’”’ (grain size 3) seems to 


be a limit for straightforward welding in plain carb 
manganese steels. 

Actual weld joint tests should also be made with such 
a choice of electrode that failure in the bend test 
occur in the plate material. 

It may be concluded from the tests reported in this 
study that: 

1. There is a definite correlation between the slow- 
bend and Tee-bend tests for weldability. 

2. In studying the effect of composition on weld- 
ability the use of normalized material is recommended. 

3. In a determination of the effect of welding on a 
steel for a particular structure, testing should be carried 
out with the steel in the condition in which it is to be 
fabricated. 

4. The use of either normalized or as-rolled steels 
will have little influence upon the maximum hardness 
obtained contiguous to a bead weld. 

5. The temperature for the Ar; transformation is 
related to weld hardening. The determination of the 
temperature of transformation at cooling rates commen- 
surate with those obtained in the welding cycle seems 
desirable. 

6. Finally, it is felt that when more data are availabk 
for, may we say, ‘“‘calculated weldability”’ a much better 
understanding of the effect of steel composition on 
weldability will be established, and that it may be pos 
sible to secure higher mechanical properties without a 
sacrifice in weldability. 
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Report ot Tee-Bend Tests on 


: Carbon-Manganese Steels 


, By Leon C. Bibber?t and Julius Heuschkel! 
. THE request of Committee II on the Welda p 
P bility of Carbon-Manganese Steels of the Indus 
j trial Research Division, Welding Research Com 4 
e mittee of the Engineering Foundation, the tee-bend por é "i i 
tion of their program was undertaken by the Carnegie ww J " 


Illinois Steel Corp. The methods described below are 4 


in general conformance with the practices of a number of : 

sovernmental agencies and are in accordance with the . 

recommendations of the Subcommittee on the Tee-Bend 
e fest of the AMERICAN WELDING Society Committee on 
Wi Idabilit y Tests for Steel. 
[he principles and methods used in the tee-bend test BT MAK, 27 MAX.) 

have been described at some length in a recent paper by ee 

Ellinger, Bissell and Williams (‘The Tee-Bend Test to 
tr Compare the Welding Quality of Steels’). However, in Fig. 2—Proportiona Dimensions of Tee-Bend Specimens and 3 

order to make this report self-contained, a brief descrip Testing Conditions 
' tion of the test 1s included herein. : 


a Materials 


pe All materials were procured from the Battelle Memorial 


Institute. Their chemical and physical characteristics 
\ finished specimen is shown in Fig. 1. A number of are shown in Tabk 
lifferent thicknesses of plate such as '/,;, '/2 and */, in. All welding was done with A.W.S. 6010 electrodes, 
can be used for the making of these specimens but !/2 specifically Wilson 107. 
yy is a good average thickness and in these tests all speci- 


d mens were made with n. plate The proportional 


I- : dimensions of the tee-bend specimens are as shown in Operations Before Welding 
al Fig. 2 


g Phe joint from which the specimens were cut is shown All plates were torch cut to size Normalized plates 
Figs. 3and 4. It will be seen that a rather large plate were held at 1675° F. for one hour followed by cooling in 
} is used in order to ensure sufficient mass to approximate air 


he quenching ability of a structure of indefinite size 


feetirc 4 ~ Cleveland ‘ 
aT \ g gineer, La rp par ‘ 14 

The greatest care was used in manual welding to attain 

the maximum uniformity All welds were deposited in 

definite increments as shown in Fig. 4 Che exact length 

e of the increments was laid out on the plate before welding 
DY means OF a jig. 
; The weld required by some agencies on '/»-in. plate is 
; a theoretical '/,-in. fillet. The tolerances in their siz 
gages, however, permit a weld °/;, in. in size to be made, a 

variation of 25°, 1m size but 5 in total heat input 
rhis increase in input 1 lecreased cnenching 

ill increase if] input re li in a aecreased quencning 

rate and hence a decreased hardness Preliminary ex 

periments were conducted in which welds of the actual 
average Siz used by in some their tests 
were made and the lengt! f electrode consumed 1n 
making a specific length of weld determined. The 
results of these tests were used to establish a volume 

control of the size f weld This is accomplished by 

controlling the length of electrod: nsumed per incre 

Fig. 1—Tee-Bend Specimen in '/,-In. Plate ment. ‘The actual welding was done by depositing th 

4 


4 
n 
a 


2"/\.-in. increments shown in Fig. 3 with 9'/2-10 in. 
max. of °/-in. diam. electrodes, using the following 
electrical conditions and speed: 


Amperes—130. 

Are Volts—27. 

Speed of Arc Travel—2.55 in. per minute. 

Length of time between deposition of increments—45 
sec. 

All joints positioned so that axis and face of weld were 
horizontal. 


It will be seen from Fig. 3 that three different incre- s oz 
ments of weld were deposited before the part of the joint a8 
which is to be cut into specimens was reached. During pormncneneme nm a 
that time the welder was able to judge his speed and F Re. 
; electrode consumption with such accuracy that prac- 
POSITION JOINT DURING WELDING SO THAT 
FACES OF WELDS ARE HORIZONTAL BETWEEN INCRE- 
T L INCREMENTS TO BE MENTS 
Fig. 4—Specimens and Discards Machined from Joint in !/,-In 
NO. 2 | 
4 i = 
of a fillet is drawn on the welds SO that an idea of 
obtained. 
soinT \ OF There is little flow of heat ahead of the are during th 
ALL INCREMENTS act of welding; that is, the speed of forward progress 
lL \ a" oJ sy ey of the arc is about the same as the speed of heat flowing ir 
i. en eo 26 the plate. As soon as the welding is stopped, however, 
WELDING DETAILS as the heat continues to flow ahead. If the time interval is 
ans long enough (without being excessive ly long) the heat 
‘ LAID OUT FROM JIG IN WELOING SHOP * : will have progressed forward sufficiently so that ther 
SAW CUT FROM JOINT REQUIRED id 1 i bl 
IST OF JOINTS wouk der: prenes ate ¢ time 
— the next increment is deposited. Some delay must occur 
5 ALL MARKS twee > itiot ‘ 
| mas pate OF between the deposition of succeeding increments as lo 
SeroRe cuTtinc KONDITIO mon as manual welding is used, and in order to obtain uni 
 formity of this condition, the ti terval bet 
JOINT VEL ormity of this condition, the time interval between dep 
2 | as osition of increments was held at 45 sec. 
4 Che location of each specimen in the joint relative to 
ol ol] Tension the various increments is also shown in Fig. 3. This 
2 
with Fie NORMAL- relationship is the same for every joint since increment 
vit | | ° 


AT + 70°F | 


A 


MACHINING. 


Fig. 3—Details of Welded Joint and Tee-Bend Specimens in 
Plate 


tically the exact amount of electrode was generally used 
in making the required length of increment. In no case, 
however, did the error exceed '/2 in. of electrode. This is 
an error of 5% of electrode volume, which represents an 
average welding size error of about 3.749%,. This maxi 
; mum percentage of error in a °/;-in. fillet is about 0.013 
be in., a variation in size far too small to be controlled by 
i any but volumetric means. With the welding conditions, 
* that is, voltage and amperage, and the volume of weld 
metal to be deposited in a given length of weld tied down 
; so closely, it is believed that any attempt to measure or 
ie control the size of weld by gages is superfluous. 

In Fig. 5 are shown typical prints of the contours of 
the welds used. From the standpoint of machined 
notches these contours would appear somewhat irregular. 
From the standpoint of welding, however, the fillets are 
remarkably smooth and are better than those produced in 
actual service. The irregularities seen in these views 
vary from point to point throughout the length of the 
joint, but in all cases the average size must be */j in. Fig. 5—Full-Scale Prints of Fillet Welds in '/,-In. Plate 
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Fig. 6—Multiple-Saw Arrangement for Machining Specimens 
from Joint 


locations and specimen locations are laid out from jigs. 
[t will be seen that the increment ends are in the center 
parts of the specimen in most cases. The joint was per- 
mitted to cool to its initial temperature between the 
deposition of the fillet on the two sides of ‘he stem. 

The welding can, of course, be done by an automatic 
welding machine, but by exercising the simple precau- 
tions outlined above, manual welding can be done very 
quickly and accurately. 

The joints were refrigerated for welding at subzero 
temperatures by immersing them in a tank of acetone and 
dry ice at a temperature of about —25° F. This sub 
cooling of 5° was to offset possible temperature rises be 
fore the start of welding. The welding was carried out 
exactly as described above; that is, the plate was not 
brought back to its original temperature between in- 
crements in the making of aweld. This is not considered 
the proper way to do low-temperature welding, since the 
center portion of the plate tested is not at or near the 
indicated temperature by the time the central portion of 
the weld is made, but this procedure is in, strict accord 
ance with the requirements of certain governmental 
agencies. 

As a result of having carefully controlled all factors in 
the making of the welds throughout the series of tests, 
it is believed that the utmost possible in uniformity has 
been obtained. 

The plates were preheated for welding by means of a 
gas flame underneath. Welding temperatures were 
checked by means of the melting of 50-50 solder or by 
the use of Tempils. 


Fabrication After Welding 


The tee-bend specimens were milled from the plates by 
means of gang milling cutters. The setup for doing this 
work is shown in Fig. 6. The tension corners of each 
specimen were broken with a file before testing. It will 
be noted in Fig. 3 that the hardness ‘and micrographic 
specimen always comes from the center of the center 
increment. 

No postheat treatment of any kind was done. 


* 
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Apparatus 


The tee-bend tests were made in a bending jig having 
the standard proportions shown diagrammatically jp 
Fig. 2. The actual jig used is so designed that adjust 
ments can be made in the span and diameter of rollers so 
that one jig can accommodate many different thic} 
nesses of plate. 

Hardness surveys were made with a Firth Hardometer 
and the values obtained are practically equivalent to 
Vickers-Brinell readings. Charpy impact values wer 
made on a 120-ft.-lb. Charpy machine. 


Procedure 


After the specimen has been inserted in the jig the load 
is applied to produce a deflection speed of about 3 in. per 
minute. The total angle of bend at any point can be 
determined from a load deflection curve as shown in Fig 

Testing is stopped at complete failure of one side of the 
specimen, or when a deflection of 2.89 in. is reached. 
This is the deflection limit which has been used by 
governmental agencies for '/»-in. plate and corresponds 
to a total angle of bend of 129 

Three specimens from each joint were tested at 80° F. 
and three were tested at —20° F. In making low 
temperature tee-bend tests the specimens were immersed 
in the refrigerating fluid at all times. 

During the testing the total angle at maximum load, 
the total angle at the start of failure and the type of 
fracture are carefully observed and noted. 

Hardness testing was done as shown in Fig. 8. It will 


be noted that by making a single row of readings, the 
heat-affected zone is crossed four times at an acute 


angle. It is known from experience that the maximum 


hardness thus obtained is about representative of the 


maximum for the material under the welding conditior 
involved. 


Results 


The results of the tests are shown in Table 1. The 
values for angles and loads given are the averages of the 
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results obtained from triplicate specimens. The type of 
failure of each individual specimen is given. The types “4 / 
of fractures are designated as follows: 
[ype 1—No failure into plate. (Slight parallel tear 4 
[ype 3 Sharp break or complete tear across plate. . 
™ [hese four types of failure are shown in Fig. 9 54 Mew pee 
Observations 
) Any one of the three quantities, namely, total 2 ee 4 4 
angle at maximum load, total angle at start of failure or 3 i \ \ I’ 
ad type of fracture, can be used as a criterion in this test. p 200 tH—-——-+-+-— —— + \ 
oe Certain disadvantages attach to all of these, but the | J j \ al 
~ | 


total angle at start of failure is perhaps the most indica 
tive of the weldability or usability of the material. This 
criterion, however, suffers from the disadvantage that 
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he the determination of the exact angle at which fracture 
d starts is sometimes difficult and is always a matter of fs 
a opinion except in the case of those materials which break RELATIVE LOCATION IN JOINT 
he sharply, when the angle is quite determinate. However, Fig. 8—Method of Hardness Testing 
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Fig. 9—Types of Failure of Tee-Bend Specimens 
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it is believed that the angle at which fracture started has 
in general been determined fairly accurately. In any 
event, the other values such as maximum load and total 
angle at maximum load are given so that the reader may 
plot the data in any manner he desires. 

(6) The results shown in Table 1 were apparently in- 
fluenced by other factors than analysis or type of steel. 
Examination of the fractures showed that of the 60 
groups of specimens tested at 80° F., 35 groups marked 
with asterisks in Table 1 exhibited flaky fractures 
usually associated with material containing more than 
the normal amounts of non-metallic inclusions. The 
results shown, if not considered in the light of the charac- 
ter of the fracture, would be misleading. For example, 
fully killed steel of the proper analysis is just as capable 
of passing the tee-bend test successfully as rimmed and 
semi-killed steels, yet the results shown for steel 1C are 
very poor. Further evidence of the effect of structure is 
that the preheating of this relatively soft mild steel did 
not improve its performance under the tee-bend test. 

It will be seen from Table 1 that when the specimens 
were tested at 20° below zero practically all fractures 
were type 3. The fractures occurred so rapidly that the 
effect of poor structure was not apparent. 

(c) The notched bar impact results in Table 1 are 
very erratic. It is not believed worth while to attempt 
to draw any conclusions from these data. 

(d) Despite the poor results obtained from the low 
carbon killed steel, it is felt that the three different steel- 
making practices, namely, rimming, semi-killing and 
killing, as such have little effect on weldability, particu- 
larly if other hardening elements are reduced to compen- 
sate for the presence of silicon. 

(e) The widest difference in grain size occurred be 


Heliarc Welding of Stainless 
Steel 


T. E. Pipert 


TAINLESS steel has heretofore been the most 
dificult alloy to weld; however, it is satisfac- 
torily arc, gas and atomic hydrogen welded, but 

then only on thicker sections. 

Northrop Aircraft, Inc., have developed a method of 
welding metals in an inert atmosphere, that has proved 
very satisfactory for welding stainless steel, magnesium, 
carbon steel and copper alloys. 

The procedure consists of a special torch containing a 
carbon electrode around which flows helium gas in a 
steady stream during welding. This helium gas blankets 
the molten weld metal, keeps out air, acts as a flux and 
prevents oxidation. The arc in this process is produced 
directly between a carbon electrode and the base metal, 
rather than between carbon electrodes as is the case in 
atomic hydrogen welding. 

The Northrop Heliare welding torch is equipped with 
a helium valve that is opened just prior to the striking 
of the arc between the carbon electrode and the parent 
metal. It feeds helium through the torch to the weld. 

Helium has over five times the specific heat of air and 
when in motion prevents heat accumulation around the 
weld, thereby keeping it cooler and. giving a better 
fusion penetration with less distortion than other welding 


* Discussion Review of the Literature, Welding Chromium Steels, by W 
Spraragen and H. H. Chisivik. Published in Sept. 1942 issue Welding 
Research Supplement 

Tt Process Engineer, Northrop Aircraft, Inc., Hawthorne, California 
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tween the rimmed and semi-killed steels of the mild stee] 
group and in this weldable group grain size made no 
measurable difference when the steels were tested at ph 
80° F. At —20° F. the performance of the fine-grained 
steel was slightly better but whether this was due to th 
absence of silicon or to decreased grain size cannot be 
determined from the data at hand. 

In the medium carbon, medium manganese group and 
in the high carbon group the differences in grain size 
were not great and the reliability of the data is question 
able due to the fibrous fractures. Further, the effects of 
grain size, if any, are masked by changes in manganes: 
and silicon content. It is felt that no conclusions with 
regard to grain size can be drawn from this test. 

(f) When the testing is done at plus 80” F. the tem 
perature at which the welding is done has but little effect 
on the total angle of bend at first fracture. However, 
when the testing is done at —20° F. the temperature at 
which the welding is done has considerable effect upon 
the angle of bend. 

(g) The hardness results obtained from this test agree 
fairly well with the hardness results obtained by other 
investigators working on other phases of the problem 


Conclusions 


It is felt that on the basis of the data reported herein 
any attempt to rate the steels in order of weldability 
would be misleading and confusing. Obviously the low 
carbon, low manganese group had the best weldability 
and the high carbon, high manganese the worst. The 
exact order of the intermediate group is difficult to ce 
termine. 


processes. The arc is struck by a light brushing action 
and quickly drawn back from the metal. Best results are 
obtained by feeding the filler rod into the electrode 
which melts off portions of the rod, thereby casting a 
uniformly welded ingot. This procedure has been found 
to be superior to the practice of feeding the filler rod into 
the molten pool under the arc, whereby the molten pool 
is not sufficiently agitated to break the crust which 
gathers on the surface of the pool. The torch must be 
held as near the weld as possible to obtain maximum 
benefit from the helium for the prevention of oxidation 
Also an arc length of 0.060 inch maximum should be 
maintained. Poor penetration or gas holes may result 
by using too long an arc. On those alloys that have a 
tendency to be hot short, a rapid welding speed is recom 
mended, approximately three feet per minute, to elim! 
nate the danger of cracking. 

A conventional arc welding machine with a direct cur 
rent generator having a 150-ampere output is desirable 
However, higher output machines which operate at less 
than 300 amperes may be used providing lower am 
peres may be obtained. An upright machine is preier 
able in that it is easier to attach a helium tank to such 
aunit. Separate amperage and voltage regulators must 
be provided and the machines should have a continuous 
sequence of five increments of current control. 

The average life of a 200 cubic foot helium tank 1s 
about 35 hours of continuous welding with a medium 
sized torch. Fairly pure helium gas is required. 
mally, helium as purchased from the Government plant !s 
sufficiently pure to cause no difficulty. Additional gases 
in helium such as carbon dioxide, hydrogen, nitro 


Continued on p. 523-s) 
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Fatigue Strength of Commercial 


Butt Welds in Carbon-Steel Plates 


By W. M. Wilson’ 


Introduction 


HIS paper is a report of tests to determine the 

fatigue strength of butt welds in carbon-steel 

plates welded under commercial conditions by 
various fabricators. The tests were planned by the sub- 
committee on Butt Welds! of Committee F.§ The 
funds with which to pay the direct expenses of the tests 
were contributed by: The Public Roads Administra- 
tion, Federal Works Agency; the Chicago Bridge and 
Iron Company; the Bureau of Ships, U. S. Navy; the 
Association of American Railroads; and the Aetna Iron 
and Steel Company. Many industrial companies have 
contributed materials and services. The tests were 
made in the Arthur Newell Talbot Laboratory of the 
University of Illinois. The University contributed 
liberally of the time of members of its staff, laboratory 
space and equipment, heat, light and power and in the 
publishing of bulletins giving the results of the tests. 
[t is of interest to note that, with the exception of a few 
minor contributions of materials, this program is being 
financed by the users of welds. 

[wo 200,000-Ib. fatigue-testing machines were in 
herited from the investigation to determine the fatigue 
strength of riveted joints sponsored by the San Fran 
cisco-Oakland Bay Bridge. To these: Committee F 
has added two 200,000-lb. machines and two 50,000-lb. 
machines. 


Object of the Investigation 


lhe primary objective of the investigation was to 
determine the unit fatigue strength of welds in structural 
members or the unit fatigue strength of structural mem- 
bers connected by welds, whichever is the lesser, in order 
to write into specifications for welded structures the unit 
stress that shall be permitted in the design. 

The investigation was limited to tests of butt welds in 

s-in. carbon-steel plates. It consisted of five groups of 
tests. The specimens for the first four groups consisted 
of manually operated metallic-arc welds; those for the 
fifth group were welded with automatic welding ma 
chines. The specimens of the first group, the Basic 
Series, were shop welded in the flat position under the 
most favorable conditions of operator skill and intelli 
gence of supervision. The welds were considered to be 
the best that could be expected under the present state of 
development of the science and art of welding, and the 


* To be presented at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct. 12 
1942 

* Research Professor of Structural Engineering, University of Illinois 

rbana 

t H. C. Boardman, Chairman 

: ? Committee F, Fatigue Testing (Structural) of the Industrial Research 

ivision of the Engineering Foundation; Jonathan Jones, Chairman 
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Fig. 1—Details of Specimen for Tests of Butt Welds in ’/;-In. 
Carbon-Steel Plates 


fatigue strength of these welds was used as a base with 
which to compare the fatigue strength of the welds of 
other series. The second group consisted of six series 
for which the specimens were shop welded in the flat 
position but the work was intended to be of the quality 
that might be expected from a first-class fabricating shop 
working under commercial conditions. The specimens 
of the third group were shop welded under commercial 
conditions in various positions and with various elec- 
trodes. Those of the fourth group were welded in the 
field. As stated previously, the specimens of the fifth 
group were welded with automatic welding machines. 
The specimens for one series were welded by the Carbon 
Arc process and those for the other series were welded 
by the Unionmelt process. These various groups are 
described briefly in the following paragraphs 


Group I. Basic Series 


The first group, consisting of the Basic Series, was the 
most comprehensive of any of the groups tested. The 
welds were carefully made under expert supervision, and 
there were enough tests for the results to be fairly con 
clusive. The details of the specimens are shown in Fig. 1. 
The plates for all specimens were from the same heat. 
Some specimens were tested in the as-welded condition; 
for some, the reinforcement was planed flush with the 
base plate on both sides, others were plates without 
welds. However, only welded specimens tested in the 
as-welded condition were included in the Basic Series 
Three ratios of minimum to maximum stress in the 
stress cycle were used in the tests, tension to an equal 
compression, zero to tension and tension to tension one 
half as great. Some specimens were tested for failure at 
100,000 cycles, others for failure at 2,000,000 cycles. In 
general, either three or four identical specimens were 
tested on the same cycle and the average of the results of 
the three (or four) tests was used in discussing the results 
Two values of the fatigue strength for each group of three 
(or four) identical tests are of interest, the average value 
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Table 1—Fatigue Strength of Butt Welds in ’/;-In. Carbon-Steel Plates 


Each Value Is the Average of the Values from Either Three or Four Tests 


Tension to an Equal 


Compression 
Description of Specimen n = 100,000 n = 2,000,000 
Av. 22.3 14.4 

As-welded (Basic Series) Min.+Av 0.96 0.92 
Reinforcement machined Av. 28.9 

flush with base plate Min.+Av 0.92 
Plate with mill scale on Av.. 37.2 17.1 

but without weld Min+Av 0.98 0.86 


for the group and the ratio of the minimum to the average 
for the group. 

The results of the tests of three series of Group I are 
summarized in Table 1. These series are: Welded 
specimens in the as-welded condition. Welded speci- 
mens in the as-welded condition except that the reinforce- 
ment was machined flush with the base plates. Speci- 
mens each consisting of a continuous plate with the mill 
scale on but without welds. The values in the upper line 
are the average values of the fatigue strength for the 
various groups of three or four specimens each: and the 
figures in the lower line are the ratios of the minimum to 
the average values for the same groups. 

The following statements based upon the results 
summarized in Table 1 are of interest. 

l. The fatigue strength was about 50% greater for 
failure at 100,000 cycles than for failure at 2,000,000 
cycles. 

2. The fatigue strength was about 50% greater for a 
cycle in which the stress varied from zero to tension than 
for a cycle in which the stress varied from tension to an 
equal compression. 

3. The fatigue strength for failure at 2,000,000 repeti- 
tions of a cycle in which the stress varied from tension to 
tension one-half as great equaled or exceeded the yield 
point of the material and therefore is not important to 
the structural engineer. 

4. Machining off the reinforcement flush with the 
base plate increased the fatigue strength of the welded 
joint by a significant amount. The fatigue strength was 
nearly as great for the welds with the reinforcement 
ground flush with the base plate as for the plates without 
welds. 


Group II. Commerical Butt Welds Shop Welded in 
the Flat Position 


The specimens for the second group of tests consisted of 
six series of butt welds, shop welded in the flat position 
with a manually operated metallic arc under conditions 
that should give the quality of weld that may be ex- 
pected from a first-class fabricator welding under com- 
mercial conditions. The dimensions of the specimens 
were the same as for the Basic Series, shown in Fig. 1. 
The plates were of the same quality of steel as the plates 
of the Basic Series, those for the XX, P and R Series 
being from the same heat. Each series consisted of from 
12 to 15 specimens. Two well-known fabricators welded 
one series each and two other well-known fabricators 
welded two series each, X and XX being welded by one 
fabricator and Z and R by another fabric ator. Each 
fabricator was permitted to use his own welding proce- 
dure and to select the electrode but it was intended that 
all welders be qualified and that all welding be done in 
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Fatigue Strength in 1000's of Psi 


Zero to Tension rension to Tension One-half 
as Great 

n = 100,000 nm = 2,000,000 n = 100,000 nm = 2,000,000 
33.1 22.5 53.3 36.9 
0.97 0.98 0.98 0.96 
48.8 28.4 43.7 
0.93 0.89 0.98 
49.8 31.6 50.04 
0.98 0.88 


accordance with the AMERICAN WELDING Society's 
Specifications for Welded Highway and Railway Bridg« 
Three series were welded under the supervision of an it 
spector from a commercial inspection bureau employes 
by Committee F, the other three series were only 
spected by an employee of the fabricator. There was no 
indication that the inspection by the inspection bureau 
affected the quality of the welds 

The purpose of these tests was to compare the fatigue 
strength of welds made under commercial conditions with 
the fatigue strength of the Basic Series. The tests of the 
commercial series were made to parallel the tests of the 
Basic Series and the comparison was made on the basis of 
average and minimum values for each group of either 
three or four identical tests 

The values of the fatigue strength of the Commercial 
Series and of the Basic Series are compared in Fig. 2, 
which consists of four sets of diagrams, (a), (0), (c) and 
(d). The ordinates represent the fatigue strength (indi 
vidual tests or averages of a group, as the case may be) | 
per cent of the average fatigue strength of the correspond 
ing group of the Basic Series. The upper two sets, (a 
and (c), are for failure at 100,000 cycles; the lower two 
(6) and (d), are for failure at 2,000,000 cycles; the two at 
the left, (a) and (5), are for a cycle in which the stress 
varied from zero to tension; and the two at the right, ( 
and (d), are for a cycle in which the stress varied from 
tension to an equal compression. Each small circle is for 
the series designated by the letter directly above the 
circle, X, Y, Z, etc. For each set, the upper line repre 
sents the maximum value for an individual test of each 
of the various series, the lower line represents the muini- 
mum value for an individual test of each of the various 
series and the middle line represents the average values 
for the various series. The position of a point on the 
middle line relative to the 100 base line indicates the 
relation of the average fatigue strength of a series to the 
average fatigue strength of the corresponding group ol 
the Basic Series. The spread between the points on any 
vertical indicates the variations in the fatigue strength of 
the specimens of the group. 

The diagrams of Fig. 2 indicate that there was an occa 
sional commercial weld that was appreciably we aker 
fatigue than the corresponding specimens of the Basi 
Series. For the XX Series, the commercial series for 
which the fatigue strength was most uniformly high, th 
smallest ratio of minimum-to-average* values was 0.59 
This was for a specimen tested for failure at 2,000,000 
repetitions of a cycle in which the stress varied from te! 
sion to an equal compression. 


* Here and elsewhere, the expre on ratio of average value has 
used to designate the ratio of the average fatigue strength for a group o! 
series to the average fatigue strength of the corre ponding group ol the | 
Series; and the expression, ‘“‘ratio of minimum-to-average value ha 


used to designate the ratio of the minimum fatigue strength for any speci 
a group of any series to the average fatigue strength of the corresponding g' 


of the Basic Series 
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fhe smallest of the ratios of average values and of the 
ratios of minimum-to-average values for the six series of 
ercial butt welds were: 


Cor x Y Z XX P R 
Sn t ratio mini- 
to-average 
va 0.838 0.8 0.73 O.85 0.77 £40.74 
Qs ratio of 
values 0.88 0.95 0.90 0.89 0.82 0.82 


Group III. Commercial Butt Welds Welded in Vari- 
ous Positions with Various Electrodes 


[he specimens for this group of tests had the dimen- 
sions shown in Fig. 1 and the plates were from the same 
heat as the plates of Series XX, Pand R. All specimens 
were welded under commercial conditions by first-class 
fa ators. All work was to be in accordance with the 
\MERICAN WELDING Socrety’s 1941 Specifications for 
Welded Highway and Railway Bridges and the welding 
was done under the inspection of a commercial inspection 
bureau employed by Committee F. The position of 
welding, type of groove and the classification of the 
odes are given in Table 2. The commercial butt 
welds of Group II have been included in this study, which 
includes a total of 16 series, 168 specimens, 3 positions of 
welding, 2 ty pes of grooves and electrodes of 6 classifica 
tio! Che results of the tests are summarized in Tables 
} to 6, inclusive. 
he comparisons have been made on the bases of the 
ratio of average values and ratio of minimum-to-average 
ulues* of the fatigue strength, each series being com 

| with the Basic Series. 

Consider first the specimens welded in the flat position 
with various electrodes. The smallest ratio of average 
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Table 2—Position of Welding and Classification of Elec- 
trodes, Commercial Butt Welds in ’/,;-In. Carbon-Steel 
Plates 

Ele trode 
Classification of 


Series No Groove Welding Position 


E 6010 Welded in the flat position 

B E 6012 Symmetrical from one side and in the 

. E 6013 double-\ overhead position trom 

he o id 

D E 6010 

19 Sy il Welded in vertical position 

E 6030 for flat 
position l le welded in flat po 
G I f ) for } Single | 1 and th ler side i 
overh | he overhead position 
I ition 

» E } lded inl the flat position 

| E 6020 Symmetrical from one id then 

U FE 6030 double-\ turned over and welded 

ic flat position from 
‘ 

Welding d 1a lan 1941 
pec n ) \ ] H AY lw ler 
work | wr f 

7 
values and the smallest ratio of minimum-to-average 
values for any group of three (or four) specimens for each 


of the various series with the double-V grooves that were 


welded in the flat position, are given in Table 3. Similar 


data for the butt welds with double-V grooves welded in 
the vertical position and for the butt welds welded in the 
flat position from one side and in the overhead position 
from the other side are given in Table ind 5, respec 
tively. 

Che skill of the operator is an important factor in deter 
mining the quality of a weld For that reason no final 


conclusion can be deduced trom the data in lable Bo. + 


+ 
+ 
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Fig. 2—Comparison of Fatigue Strengths of Various Series of Commercial Butt Welds in ’/;-In. Carbon-Steel 
Plates 
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* See footnote, 


= 


Table 3—Fatigue Strength of Commercial Butt Welds. 
Symmetrical Double-V Grooves Welded in the Flat Position 
with Various Electrodes 

Series S U 4 Z XX P R 
Electrode -E 6010 E6020 E6030 E6012 E6011 E6012 E6010 E6030 
Smallest 
ratio of 0.93 0.94 0.82 0.88 0.90 0.89 0.82 0.82 
average 
values 
Smallest 
ratio of 
minimum- 0.83 0.89 0.80 0.83 0.73 O.85 O.77 0.74 
to-average 
values 


Table 4—Fatigue Strength of Commercial Butt Welds. 
Symmetrical Double-V Grooves Welded in the Vertical Posi- 
tion with Various Electrodes 


Series D E F 
Electrode E 6010 E 6012 E 6013 
Smallest ratio of 

average values 0.76 0.80 0.94 
Smallest ratio of 

minimum-to- 0.70 0.78 0.93 


average values 


Table 5—Fatigue Strength of Commercial Butt Welds. 
Welded in the Flat Position from One Side and in the Over- 
head Position from the Other Side 


Series A* B* Gt 
{ © 6030 for U-side 
Electrode E6010 E6012 E6013: E 6010 for over- 


head position 
Smallest ratio of 


average values 0.76 0.89 0.92 0.86 
Smallest ratio of 
minimum-to- 0.73 0.86 0.81 0.77 


average values 

* Symmetrical double-V groove 

Tt Single-U groove, U-side welded in flat position, other side 
welded in overhead position. 


and 5. All that can be said is that good welds can be 
made in each of the three positions and that poor welds 
may likewise be made in the three positions. On the 
basis that any series for which the smallest ratio of 
minimum-to-average values is 0.80 or more is fair and 
any for which the same ratio is less than 0.80 is poor, 
Tables 3, 4 and 5 show that: Three of the eight series 
welded in the flat position were poor. Two of the three 
series welded in the vertical position were poor. Two of 
the four series welded in the flat position from one side 
and in the overhead position from the other side were 
poor. It should be noted, however, that the one series 
welded in the vertical position that rates ‘‘fair,’’ Series F, 
has the best rating of any of the 16 series of Commercial 


welds included in this study, the smallest ratio of minj. 
mum-to-average values being 0.93. Even the Basic 
Series had one ratio of minimum-to-average values of 
0.92. Itisalsoof interest that D and E Series, th 


welded in the vertical position that had such low f igue 
strengths, were welded by one of the best and most ex. 
perienced fabricators of welded structures in the United 
States. Apparently a good vertical weld can be made 


but it requires greater skill on the part of the operator 
than welds made in the other positions. 

The relative fatigue strength of welds made w; 
various electrodes are compared in Table 6. The fact 
that the values of the fatigue strength, both average and 
minimum, are highest for E 6013 and E 6020 should be 
discounted somewhat by the fact that only two series 
welded by the former and only one series by the latte: 
included. A larger number of tests might have resulted 
in some lower values for the fatigue strength of welds 
made with these electrodes. There is also the possi 
bility that the variations shown may have been due as 
much to the difference in the operators as in the difference 
in electrodes. 


Group IV. Field Welds 


All of the specimens used in the tests described in th 
previous sections were welded in the shop. Four serie; 
of similar commercial butt welds were tested which 
had been welded in the field. Two series, M-V and M-H 
were welded by one fabricator and the other two series, 
N-V and N-H, were welded by another fabricator 
The dimensions of the specimens were the same as for 
those welded with the metallic arc and the plates wer 
from the same heat as the plates for specimens XX, P 
and R. Of the two series welded by each fabricator, the 
specimens of one series contained vertical welds con 
necting vertical plates and the specimens of the other 
series contained horizontal welds connecting vertical 
plates. The results of the tests are summarized 
Table 7. 

The specimens welded by one fabricator, the M-\ 
and M-H Series, had a fair fatigue strength, the smallest 
ratio of average values and the smallest ratio of mini 
mum-to-average values being 0.82 and 0.81, respectively 
The specimens welded by the other fabricator, the N-\ 
and N-H Series, had a low fatigue strength, the smallest 
ratio of average values and the smallest ratio of mini 
mum-to-average values being 0.66 and 0.64, respectivel) 

The specimens used for these tests were furnished 
with the understanding that they were to be weld 
accordance with the A.W.S. 1941 Specifications tor 
Welded Highway and Railway Bridges, which requir 
among other things, that they be welded by qualified 
welders. The fatigue fracture of 10 of the 12 N sp 
mens showed a complete lack of fusion of the base metal 
at the root of the weld, as shown in Fig. 3. Moreover 
coupons taken adjacent to these ten specimens failed 
pass either the static tension or the side-bend tests 


Table 6—Fatigue Strength of Commercial Butt Welds Welded with Various Electrodes 


Electrode Classification Number and Number of Series Considered 


E 6010 E 6011 
5 Series l Series 
Average ratio of average 
values 0.90 0.92 
Average ratio of minimum- ‘ 
to-average values 0.84 0.82 
Smallest ratio of minimum- 
to-average values 0.70 0.73 


E 6012 E 6013 E 6020 E | 

4 Series 2 Series l Series 2 deri 
0.96 0.96 0.97 0.91 
0.90 0.92 0.91 0.8 
0.78 0.81 0.89 0.74 
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Fig. 3—Fracture of Specimen N-V1 


ther, 6 of the 12 N specimens were made in a fewer 
er of passes than is permitted by the specifications 
uuld seem that careful inspection on the part of 
tor should have prevented the use of a technique 
produce s welds as poor as the welds in these spt Ci 
_ The welding industry would hardlv concede 
the N specimens represent the ‘quality of work that 
be expected from a first-class fabri iting shop 


working under commercial conditions.’’ It must be 


i, however, that unless the fabricating shops, 
heir own initiative, maintain a standard of super- 
nd inspection that will prevent the approval of 


welds of the quality of those in the N specimens, the 


) 
er of welded structures will be compelled to design 
he basis that a weld of that quality 1s a possibility 


Group V. Welds Made with Automatic Processes 


[he specimens described in the previous sections were 
welded with a manually operated metallic arc. The 
specimens discussed in this section were wel by auto- 


matic processes. There were two series, K and L. The 
} 


specimens of Series K were welded with the Carbon-Arc 
process and those of Series L were welded by the Union- 
nelt process. The dimensions of the specimens were 
the same as for those welded with a metallic arc, and the 
plates were from the same heat as the plates for the XX 
P and R Series. The results of the tests are summarized 
in Table 8. The smallest ratio of average values and the 
smallest ratio of minimum-to-average values were 0.79 
ind 0.76, respectively, for the K Series and 0.86 and 0.83, 
respectively, for the L Series. That is, the strength of 
the Unionmelt welds was equal to that of the strongest 

ial manually operated metallic-arc welds and the 
strength of the Carbon-Arc welds was equal to that of the 

] 


lé 
weakest of the manually operated metallic-arc welds. 


Conclusions 


i¢ tests appear to justify the following conclusions 
Che fatigue strength of butt welds in ’/;-in. carbon 


Table 7—Fatigue Strength of Commercial Butt Welds in 
»~In. Carbon-Steel Plates Welded in the Field. Summary 
of Results 


Each Average Is the Averag f Either 3 or 4 Tests and Each 
Minimum Is the Minimu: f Either 3 or 4 Tests 
~ \ 2 OOO. 
i Hor. i 
[ N M N 
Stress Cyclh Seri series 
i il 
ZeTO LS. 500 17.200 
Val 
Zero t 5 


steel plates, shop welded in the flat position with a manu 
ally operated metalli il Ti rit favorable condi- 
tions Of operator SKuill al expertness OI supervision, 1S 
given in the following tabulat 
I g 5 gth in |} As-Welded ( lition 
~ ‘ { 
i ) } equa 
} 
ZeTo ) 22 ) 
I yn ) nsion 
) half as grea IU 


Tests of similar groups of welds made by first-class 
rcial conditions 


at an occasional « mercial weld may be ex 


2. Of the series ial welds welded in the 
vertical position fr b 1 those welded in the 
flat positi from i I verhead position 
rom the other side, s id a fatigue strength as high 
as the fatigue strength of the best of the commercial 
welds welded in the flat posit others had a fatigue 
strength as low as the fatigue strengtl the poorest of 


the commercial welds welded in the flat position 
3. Of the field welds, those welded by one fabricator 
strong as the commercial welds welded in the 
shop. Those welded by another fabricator were con- 
siderably weaker. 


+. Of the welds made by automatic welding machines, 
those welded by the lI It pr vere as strong as 
the strongest of the « rcial welds welded in the shop 
with a ially opera mi lic at those welded by 
the DI bl tO a ] ivorable 
form of reinforcement, wer it weaker 


Table 8—Fatigue Strength of Automatically Welded Butt Welds in ’/,;-In. Carbon-Steel Plates. Summary of Results 


Fatigue Strength, 2 = 

Stress Cycle Basic Series K. Series 
Average 

RT 

to equal 22,30 19,70 
iu 7 

» tension 32 OOO 2 

Q 

t ial 21,4 18,700 

i) 
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Ba 
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) 
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5. The variations in the quality of the weld resulting 
from variations in the skill of the operator were greater 
than those resulting from the use of various electrodes. 

6. The change in section at the edge of the reinforce- 
ment of a butt weld is a serious stress raiser that reduces 
the fatigue strength considerably. Machining or grind- 
ing the reinforcement off flush with the base plate on both 
sides increased the fatigue strength as much as 25 per 
cent for specimens with good welds and made the fatigue 
strength of the weld almost as great as the fatigue 
strength of a similar plate without a weld. 


7. The fatigue test is searching and will reveal flaws 
in welds that pass the standard static tension test. The 
most common flaws that caused a low fatigue strength jy 
butt welds, listed in the order of their importance, are 
(1) lack of fusion of the base plate, especially at the 
root of the weld; (2) slag inclusions; (3) blow-holes 

It is hoped that the operators and welding super 
intendents will be sufficiently impressed by the serious 
ness of these flaws, as revealed by fatigue tests, to cause 
them to perfect a welding technique whereby the flaws 
will be eliminated. 


Weld Quench Gradient Tests 


By Walter H. Bruckner! 


Introduction 


HE study of weldability involves a host of vari- 

ables which affect the hardness and microstruc- 

tures of the heat-affected portion of the base 
metal. It has been the usual practice in the past to 
singly study each variable such as speed of welding, mass 
of plate to be welded, ambient temperature, etc. It is 
now proposed to produce a variety of cooling rates in one 
specimen, while it is being welded, thus attaining in one 
test the effects of many variables. The test specimen 
selected represents an arbitrary choice with respect to 
shape but the intent was to make it as small as possible 
in order to minimize the details of sample preparation 
after the test. Water cooling was used at one end of the 
specimen which together with maximum mass of the 
plate at that end produced the most drastic cooling rate 
A gradual decrease in mass combined with air cooling 
provided decreasing cooling rates toward the opposite 
end of the specimen. The cooling rates existing along 
the gradient are unknown at present but are the subject 
for future tests. 


Materials 


A section of 3'/2% nickel steel plate '/, in. thick was 
used for these tests. It was taken from the same plate 
as for tests described in a previous publication! in which 
it was designated as steel No. 8 with analysis as follows 

C Mn Ni P S 
0.30 0.55 3.04 0.018 0.022 


The welding rod was a mild steel grade heavily coated 
for straight polarity, and downhand position. The 
electrode did not enter into the study except as a means 
of heating the base metal to temperatures encountered in 
arc welding. 


Methods 


Two specimens were cut from the parent plate tothe 
shape and dimensions shown in Fig. 1. One specimen 
at one time was mounted on a bragket permanently 


* To be presented at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct 
12 to 15, 1942 Contribution to the Fundamental Research Division 

t Research Assistant Professor of Metallurgical Engineering in the Engi 
neering Experiment Station, University of Illinoi 

Bruckner, Walter H., ‘“The Weldability of Steel WeLDING JOURNAL, 
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Fig. 1—Details of '/, In. Thick Specimens for Weld C 
Gradient Tests 


riveted and soldered into the bottom of a metal 
A bolt and wing nut held the specimen at any dé 
angle with respect to the surface of the water conta 
in, and caused to flow through the tank. A cut 
sketch shown in Fig. 2 indicates the relative posit: 
the specimen and water surface. The flow ofl 
through the tank, during and for 15 min. after we! 
was standardized by regulating the vertical heig! 
column of water when freely flowing from a in 
orifice; the column was controlled to approxim 

in. high. When controlled to this height the water 
piped through rubber hose into the cooling tank c 
ing the specimen to be welded. The welding elect: 
was held against a stop above the specimen which 1 
it possible to control are length and feed manually 
maintaining a constant electrode position and angk 
respect to the surface welded. 

Actually no weld was made since the electrod 
used only to deposit a bead on the top surface or eds 
the specimen. The surface on which the deposit 
made was the full th ckness of the '/2-in. plate afte 
mill scale had been removed from the rolled surfaces 
indicated in Fig. 2 the surface on which the weld de} 
was made was inclined at an angle of 30° to the wate 
face and 60° to the electrode held in a vertical posi' 
The horizontal speed of relative movement of plat 
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Fig. 2—Sketch Showing Method of Obtaining Variation in Cooling Rates During Welding 


electrode was maintained constant at 6 in. per minute 


which gave a slightly higher speed of welding with re- 
spect to the actual surface receiving the deposit 
Numerous tests were made with the electrode in 
lifferent positions, with specimens of various sizes and 
lape, with the deposit started at either end of the speci 
men and with the specimen inclined at various angles to 
the water surface. The specimen shown in Fig. 1 and 
sed as shown in Fig. 2 appeared to be the best choice 
ll tests made and the deposit of weld metal on it was 
started at the end of the pl ite nearest the water. The 
tests were made by a senior who had only a short period 
ning in handling an electrode in arc welding and 
therefore had not attained the proficiency or skill of a 


tsman 


Procedure 


first test plate specimen A) welded as described 


above was put into the shaper vise and shaped all over to 
ipproximately mid-thickness; it was then surface-ground, 
polished and etched, thus making visible the entire heat 
iliected zone at mid-thickness of the plate. Figure 3 is 
i photograph (one-half natural size) of the specimen 
thus prepared. The second specimen of the same steel 


was bead welded in the same manner in order to furnish 
duplicate test data. The first test on the specimen show: 
in Fig. 3, however, was characterized by an attack of 
rves’ on the part of the welding operator which 
ised the breaking of the arc several times between the 
Start and finish. The second specimen (specimen B 


was welded continuously from one end to the other with 
the same fair degree of skill as the operator had pre 
viously demonstrated with scrap steel in practice runs 

In order to eliminate the chore in metallographi 


Preparation of a section as large as specimen A, the 
specimen B was cut into three small sections which con- 
ned the weld bead and heat-affected zone. These were 


polished and etched while other sections of the un 
affected base metal were removed and discarded 
Hardness readings were made with a 10-kilogram load 
on a Vickers diamond pyramid in the heat-afiected zone 
of the base metal at intervals of '/s in. from one end of 
the specimen to the other and at a distance of 0.01 in 
from the fusion line visible at mid-thickness on the 


polished surface. Other hardness readings at intervals 
of 0.02 in. from the above described indents were made 
along a line at right angles to the welded surface as 
shown on specimen B in Fig. 6. These hardness readings 
extended through the heat ected to the unaffected 
base metal and were made at various intervals from the 
start of the weld The latter has been called the cooled 


end for the sake of brevity in t 


rest oI the paper 


Data Obtained 


he hardness readings obtained on specimen B at 0.0! 
in. from the fusion line and at in immtervals from the 
ccoled eni have been pl tted in Fig. 4 the poimts have 
been joined by straight lines and an averaging curve has 
been drawn to indicate the trend The deviation in 


Fig. 3—Specimen A Sectioned at Mid-Thickness of Plate 
Polished and Etched Size 
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(INCHES FROM COOLED END 


Fig. 4—-Variation of Maximum Hardness of Heat-Affected Zone 
with Distance from Cooled End of Specimen B 


hardness from the average trend is due in part to the in 
evitable scatter which is ordinarily obtained for readings 
of maximum hardness close to the fusion line because 
some indents are entirely within the large grains, others 
may straddle grain boundaries while a slight error may 
exist in recognizing the exact location of the fusion line 
under the microscope. Part of the scatter may also be 
due to the inexperienced operator’s handling of the 
electrode 

The hardness gradients from the fusion line to un 
affected base metal are shown in Fig. 5 (solid lines) for 
intervals of '/s, 1, 1'/4, 2, 3, 4 and 5'/, in. from the cooled 
end of specimen B. The origin of each gradient is 
located at the fusion line represented by the short ver- 
tical line at the top of the individual curves. Part of 
specimen B is shown 1.5 X in Fig. 6 which illustrates the 
method of hardness testing for the gradients at '/o, 1 
and 1'/, in. from the cooled end. 


Discussion of Data 


The hardness distribution from the water-cooled to 
the air-cooled end of the specimen shown in Fig. 4 indi 


cates a slight rise in hardness from 500 to 534 Vickers 
'/; in. from the start and thereafter the trend is toward 
lower values with a minimum of 220 Vickers at th 


cooled end. This provides a range of practically 309 
Vickers hardness numbers. This is a sufficient spread to 
include welding conditions of considerable ma if 
plate-welded, low ambient temperatures, small-diameter 


electrode or high-speed welding as represented by the 
higher hardness values at the water-cooled end: 
mild preheat, thin stock to be welded, un on-melt welding 
conditions, etc., at the air-cooled end. Between 

two extremes there could be chosen many manual weld- 
ing conditions suitable for the material under test. 


ma 


For the hardness surveys on specimen A, a range of 
{80 to 220 Vickers hardness was obtained. It will be 
noted that the minimum } 


hardness checks with the 
minimum obtained on specimen B which was satisfac- 
torily welded. At the start of the test on specimen A, 
breaking of the arc and restarting prevented the attain- 
ment of as high a maximum in hardness as for specimen 
B. The hardness survey on specimen A indicated tha 
the welding operator did not gain control of the arc unti 
he had traversed a distance of about 3'/s in. 

start. A curve for specimen 
manner as Fig. 


from th 
A prepared in the same 
t for specimen B showed practically 


as 


Fig. 6—Part of Specimen B Polished, Etched and Surveyed for 
Hardness at Cooled End. 1.5 Natural Size 
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Fig. 5--Hardness Gradients in Heat-Affected Zone for Various Distances from Cooled End 
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identical values beyond 3'/, in. from the water-cooled 


e hardness gradients for specimen B shown in Fig. 


are of still greater interest since they show clearly the 
increasing spread between unaffected base metal and 
heat-affected zone hardness values, as the speed of cooling 
The prominent second peak in hardness 
for the gradients '/, and 1 in. from the cooled end of the 
specimen had not previously been encountered in the 
author’s experience. A study of the microstructures was, 


iS reased. 


\ 


Figs. 


1942 


Fig. 11 
7-12—-Microstructures of Zone of Maximum Hardness at '/,, 1, 2, 3, 4 and 5 
the Cooled End. Magnification 200 x 
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therefore, made to establish the evidence with respect 
to the metallurgical changes which had occurred in the 
heat-affected zone. Figures 7, 8, 9, 10, 11 and 12 show 
the microstructures at a magnification of 200 X for the C 
heat-affected zone adjacent to the weld deposit at re ch 
spective distances from the water-cooled end of '/s, 1, 2, 4 
3, 4 and 5'/,in. Part of the weld deposit has been in- 
cluded in these micrographs at the top of each figure in 
order to show the fusion line and for purposes of orien 
tation. The transition is clearly evident from the low 
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carbon martensite (at '/, in.) to the intermediate struc- 
tures (Bainite) with fine pearlite at former austenite 
grain boundaries (at 3 and 4 in.) and almost totally 
pearlitic structures (at 5'/,in.). It is also evident from 
these figures that the largest austenite grain size was 
established at the most rapidly cooled end while the more 
slowly cooled end (5'/, in.) has a relatively small grain 
size. Evidently high austenitizing temperatures were 
maintained for a shorter time at 5'/, in. than for '/2 in. 
from the cooled end. This appears to be a paradox un- 
less it is noted that penetration into base metal is greater 
at the air-cooled end and the rapid abstraction of heat 
has prevented appreciable penetration at the cooled end. 
Since welding speed was constant, the heat input was 
uniform thus at the cooled end, the dissipation of heat 
through the cooling water prevented to a large extent 
melting of the base metal and the time at high tempera- 
ture for the unmelted base metal was therefore greater 
than for the similar area at the air-cooled end where the 
base metal was melted, rather than held just below the 
solidus. 

A study was made of the microstructures of the region 
in which the second hardness peak is found as illustrated, 
especially by the gradients for '/. and 1 in., respectively, 
in Fig. 5. The structure in both cases showed small 
grain size in this region with fine pearlite at grain bound- 
aries and the low carbon martensitic struc’ure within 
the grains. The grain size was judged to be not suffi- 
ciently smaller than immediately adjacent to the weld 
to account for the high hardness. Ordinarily the hard- 
ness decreases continuously from the fusion line to the 
unaffected base metal as illustrated by the gradients 
beyond 2 in. even though the hardness gradient is 
accompanied by a grain-size gradient. This condition is 
an indication that the cooling rate decreases continuously 
along the gradient. In order for the second peak region 
to develop a hardness equal to that of the region close to 
the weld, either of two possibilities existed, i.e., the 
carbon content or alloy content was locally segregated, 
or the region was quenched at a more rapid rate than 
immediately adjacent to the weld. The distance from 
the fusion line at which the second peak occurs is 0.11, 
0.11, 0.05 in., respectively, for the gradients at '/2, 1 and 
1'/, in. from the cooled end. The gradient for 2 in. from 
the cooled end does not show an immediate drop in 
hardness but only after a distance of 0.03 in. from the 
fusion line. Possibly a more searching hardness test 
made with the Knoop indenter would reveal a second 
peak in the gradient for the 2-in. distance. The phenom- 
enon of the second hardness peak is thus shown to be a 
consistently decreasing effect which disappears after a 
certain cooling rate is reached. Without further evi- 
dence as to cooling rates the phenomenon is suspected of 
being associated with a limiting factor of thermal con- 
ductivity of the steel for the more drastic cooling rates 
obtaining at the cooled end. Segregation of carbon or 
alloy does not appear to be the cause since specimen A 
showed practically identical double peaks in hardness. 
Subject to experimental verification, the second peak in 
hardness is apparently due to a higher cooling rate in 
the region in which it occurs than in the region next to 
the weld. 


Applications of the Weld Quench Gradient Test 


At present there are no data on the variation in cooling 
and heating rate along the gradient bar. Such data 
must be obtained in order to give the test its maximum 
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usefulness. As an example of this usefulness, the hard. 
ness gradient for the single-bead weld made on steel] N 


8 as reported previously* was plotted in Fig. 5 and js 
shown as the dotted curve between the curves for 3 and 
4 in. from the cooled end. It is obvious that the sing] 


bead weld made on the surface of a 3- x 6- x '/s-in. { 
plate of the same steel had a cooling rate equivalent ¢, 
the rate established at a distance of about 4 in. from the 
cooled end of specimen B. When the variation in coo! ng 
rate and actual thermal history has been obtained from 
one end of the gradient bar to the other, it will be pos 

to match the hardness gradients and so determine the 
cooling rate for various conditions of welding within th, 
limits of the gradient bar. Conversely, if the cooling : 

of a certain method of welding has been obtained, the 
gradient bar could predict the hardenability of any stee| 
which it was desired to use. 


14 
ible 


Further work on the weld quench gradient test will hay 
the aim of simovlifying the procedure and equipment 
use inany welding shop. Charts could be made availabk: 
which would show the cooling rates along the bar: thu 
the shop would have available a valuable guid 
control of welding conditions. From the gradient b 
will be evident that higher cooling rates in excess of th 
obtaining for, say 3'/>. in. from the cooled end will pr 
duce objectionably high hardness and brittle structur 
in certain steels. The selection of proper welding « 
tions can thus be reduced to merely surveying 
gradient bar for the desired limits. The relative 
tivity of different steels could be assayed by preparatio 
of gradient bars and comparing hardness value: 
equivalent distances from the cooled end 

The weld quench gradient test may be found useful 
in surveys of the effect of plate thickness on the hard 
of the heat-affected zone lo make use of the test 
such application and standardization, the cooling 
of different thicknesses of plate need to be determi 
either directly by measurement with a thermoc 
or by matching the hardness gradients with those o1 
gradient bar. In the latter case, the data would 
for example, 2 in. from the cooled end to be eq 
to 4-in. thick plate, 3 in. from the cooled end, equivalent 
to 2-in. thick plate, etc. Once this standardization had 
been made, the relationship of distance from the cooled 
end to hardness developed in plate of various thickness 
would apply to other steels of similar analysis and prop 
erties. 

Another application is in the study of the sensitivity 
of various steels to the heating and cooling cycle impos 
by the oxyacetylene cutting torch. This could be 
complished by positioning the cutting torch at rig 
angles to the present position of the welding electrod 
with an arrangement to lift the torch along the sam 
path as was followed in preparing specimens A and B 
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Resistance Welding Trench Mortar Fin 
Assemblies 


By J. H. Cooper? 


Preface 


UE to the necessity for secrecy concerning details 
the manufacture of these assemblies, this paper 
be confined to treating only the abstract features 

of resistance welding and laboratory tests of the welds. 

As such, the characteristics of the welds and welded 

blies as indicated by radiographic, tensile, metallo 
graphic and hardness tests using the material analyses 
involved are the same for work of this geometry regard 
less of the function of the assembly 

lis paper may therefore be considered as a Research 
Report indicating the results obtained in production by 
four different contractors, using different types of welders, 
slightly varying welding schedules and slightly varying 
projection dimensions. 

Phe identity of the individual contractors is not known 
to the writer as the lots of samples were labeled as below 
and forwarded through an agency whose identity cannot 
be disclosed here. ; 


| 
a n 


Identification of Samples 


Che four lots submitted and identified as A, BW, CW 
and DW each consisted of 25 welded assemblies. Of 
these 25 assemblies, 10 were made at the beginning of a 
production run with freshly dressed welding electrodes; 
5 assemblies were made in the middle of the run, and 10 
were made at the end of the run, just before it was neces- 
sary to redress the electrodes. 

lhe following tabulation establishes the numerical 
identity of the various assemblies. 


c mple No Sam No Sample N 
tart of Run Middle of Run End of R 
Al to A10, ine All to \ ne A16 to A ‘ 
BW to BW10, inc BW1il to BW BWi6 to BW: 
W CWl to inc CWll to W to CW2 nc 
DW DW1 to DWI10, inc DWil to DW DW16 to DW2 ine 


Description of Assemblies 


Figure 1 shows the fin assembly parts before welding 
and after welding. Figure 2 shows the general assembly 
of the parts. 

Che four fins, A, are stampings from S.A.E. 1020 
medium annealed steel, with the projections located as 
shown at #. Dimensions and contour of the projections 
have an important bearing on the weld quality and are 
shown by Fig. 3. 

The location of the projections with reference to the 
groove D and threads £, when such groove and threads 

, » be presented at the Annual Meeting, A.W Cleveland, Ohio, Oct 


Ae A contribution to the Welding Research Committe: 
ling Engineer, The Taylor-Winfield Corporation, Warren, Ohio 


he 


Ne 


Fig. 1—Unwelded and Welded Parts Making Up 60-Mm 


Mortar Fin Assembly 


are present, also affects weld quality Table 2 shows 


the relative locations and states if threads and groove 
were present when welds were made 


Table 2 
Groove Chre id Pr nt Dimen ms, Ir 
Contractor Present J ( 
A Yes No Y 
BW No No 
Cy No No y l 
DW No Ve Yes 5 ] 


The tube B is made of S.A.E 
per Fig. 2 and Table 2. 


335 steel, machined as 


Radiographic Tests 


It was impractical to place lead identification figures 


on such small work to register the identifying figures on 

the film, so the numbers wer 

fins with a metal stamp 
Eight radiographs of eight welds were made for each 


contractor's lot of assemblies, and of each assembly radio 


tamped in the steel of the 


501 


~ 

| 

i 
d Table I 
Cc A 
\\ (4 \ 

Secrien A-A 
R 


UPPER VIEWS OF A,BW, 
CW& DW SHOW SECTION 
LOWER VIEWS SHOW 
SECTION 5-8 


Fig. 3—-Contours and Dimensions of Projections in Fins of 60-Mm. Mortar Fin Assembly 


graphed two diametrically opposite pairs of welds were 
radiographed. This inspected the welds in two diametri 
cally opposite fins of two assemblies for four contractors. 
The radiographs are identified as per Table 3. Since it 
is difficult to reproduce radiographs of this size ade 


quately, Table 3 indicates the weld quality as judged by 
the radiographs. No radiographs showed any cracks or 
porosity, but the general appearance of the majority was 
commensurate with standards of incomplete fusion 


Tensile Tests 


ke 
Table 3 Tensile tests were made on these assemblies using the é 
Assembly Radiograph ' special fixtures shown by Fig. 4. 
This fixture tested in turn each fin of an assembly and 
mo was so designed as to prevent the fin from collapsing in- 
Al 2 Irregularly shaped weld wardly under the test loading and so “‘peeling’’ out the 
Al 4 Irregularly shaped weld weld ‘“‘button.” 
Al6 5 Irregularly shaped weld Figure 5 shows some typical fractures and it is to be / 
Al6 6 Irregularly shaped weld noted that in many of the tests the welds were stronger 
Al6 7 Irregularly shaped weld ; 
Al6 8 Irregularly shaped weld 
3 BW1 9 Irregularly shaped weld 
§ BW1 10 Irregularly shaped weld 
BWI 11 Irregularly shaped weld 
BWI 12 Irregularly shaped weld 
BW16 13 Irregularly shaped weld ~ 
BW16 14 Irregularly shaped weld \¥ oS 
BW16 15 Irregularly shaped weld ye 
BW16 16 Irregularly shaped weld 
CWwl 17 Oval shaped—pronounced ring 
CWl 18 Irregularly shaped weld . 
as Cwl 19 Oval shaped—pronounced ring 
CWl 20 Irregularly shaped ring 
CW16 21 Oval shaped—ring 
CW16 22 Irregularly shaped weld 
CW16 23 Oval shaped—tring 
CW16 24 Irregularly shaped weld 
25 Irregularly shaped weld 
DW1 26 Irregularly shaped weld 
DWI 27 Irregularly shaped weld ~~ 3 
DWI! 28 Irregularly shaped weld 
DWI16 29 Oval shaped 
DW16 30 Oval shaped with ring 
DW16 31 Irregularly shaped weld 
DW16 - Irregularly shaped weld Fig. 4—Tensile Testing Fixture with Fin Assembly in © 
a wt Used to Test 60-Mm. Mortar Fin Assembly 
‘ §02-s WELDING RESEARCH SUPPLEMENT OCTOBER 194 
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Pla A24. Poor fusion. 375 x A24. Ma 375 &X A24 700d fusion 5 
Fig. 6—Photographs of Welds in 60- Mm. Mortar Fin 
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Fig. 7 Photographs of Projection Welds in 60-Mm. Mortar Fin Assembly 
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Fig. 8-—Photographs of Projection Welds in 60-Mm. Mortar Fin Assembly 


504-s WELDING RESEARCH SUPPLEMENT OCTOBER 


by 
BW 700d | n 3 : BW10. Macro photo. 375 > BW10 700d fusi 75 > ‘ 
] 
be 
te 
CW10. Good fusior 375 > Cwl Macro phot 375 > x00d { > 


Table 4 
mbly Fin No Assembly Fin No 
Jo ] 2 3 4 Fracture No l 4 i Fracture 
1940 2000 1760 1900 ) CW2 1890 1920 170 19% Unfused spot in center 


1950 1780 1940 1960 CW3 1900 18] 19 92 of weld 
2050 1720 1810 2040 CW4 1920" 178i S¢ 
2000 2000 L860 1700 CW5 ~ 
2040 2120 2080 1980 CW6 198 
1990 1820 1790 2100 CW7 1940 he > ’ 
1900 1980 L800 L860 CWR ve 
1880 1740 1780 1780 CW9 960 18 SS . 
i] 1760 1800 1740 LR00 CWll 1420 144 
2 1850 1900 1880* 1720 |Unfused spot in center CW12 = 1800 L800 
1700 L850 1820 1S80* of weld CWl4 18 149 
1680 2000 1780 1800 | CW15 QR 
i L800 1840 1920 2020 CWi18 174 
12 1860 L860 1940 2040 CW19 
) 1460 1620 1900 CW20 SOT) 
1740 1900 L800 1780 1078 29 } 
49] 1820 1880 1900 L680 CW22 2 
\22 1900 2020 1940 L860 CW23 1780 LS68 
5 L800 1840 1840 1660 CW24 1996 10 1: 
1720 +1600 1840 = 1680 CW25 1510 14: 1s 302 
ginning of run by A—high 2120, low 1700, average 1912. Start of run on CW hig] low 1700, average 1SSY 
Middle of run by A high 1900, low 1680, average 1800 Middle of run on CW—hisg 1), low 1420, average 1707 
nd of run by A high 2020, low 1460, average 1825 End of run on CW g , w 1450, average 1820 
BW2 2640* 2340* 2520* 2580* DW3 1900 1960 
W3 29000" 2220* 2300* 2500" DW4 } } 
V4 2300* 2340* 2440* 2580* DW5 188 ) 
5 2560" 2440* 2280* 2380*—Unfused spot in centet 
6 2420* 2240* 2300* 2200* of weld DW7 1940* Oo: 
RW7 2460* 2480* 2580* 2320* DWS 1920 
W8 2440* 2560* 2420* 2260°* DW9 1900 
W9 2320* 2380* 2400* DW ) 1900" 
2420* 2200* 2320* 2200* DW11 2000 
BW12 2440* 2260* 2200* 2360 DW12 2020 
BW14 2020 2240* 2220* 2240 DW14 1900 Qs ate , 
BW15 2200 23007 2190* 2000* DW15 19 2 
BW17 2500* 2440* 2200* 2500* DW 1980 
BWI1S 2480* 2580* 2580* 2600* DWI18 1980 1960 
2380" 2540* 2360* 2620" DW19 178 19 
2 * 2900" 2480* 2360" DW20 19 9 ~ 
2620" 2540° 2620* 2500* DW21 1980* 19 
22 2 2360* 2500* 2480* DW22 19 18 
2 2460* 2380* 2541 22 DW2 2000* 198 
N25 2460* 2500* 2480* ° DW24 1980* 19 2 
i f run on BW high 2580, low 2220, average 240¢ Start of run on DW low 182 iverage 192) 
Middle of run on BW—high 2440, low 2 average 2238 Middle of run on DW—1 vw 185 iveTa 19 
End of run on BW high 2620, low 2200, average 2463 End of run on DW hig Oe low 1780, average 1959 


han the fin material above the holes and the test results same as the best recorded above, the following data are 
record the fracturing load in shear of such material above given: 


1. Welding current per projection is 19,000 amp 
Table 4 records the tensile tests made. Asterisks 2. Welding pressu1 mer 
llowing the failure values in pounds indicate when the 
. - 3. Timing schedule per weld is a pulsation sequence of 
ns failed instead of the welds ‘ { 
\ll test values are equally divided between fwo welds. WMA Cl 
{ 1 Electrodes are Cl All ind 
Che testing fixture was so designed to permit the load G+ the whol ' t] i jual fin 
il LI W if il | 
dit ‘ > I il the I iT) the welded 


Metallographic Tests 


Figures 6, 7, 8 and 9 show phot« 


micrographs made from assemblies welded by each 
ntractor. These photographs show the unfused center 
rtion of the weld as noted in the tensile tests. 


|. Of the four typ lade e., radiograph 
Hardness Tests oan teate) tun teats 
Welds made by each contractor were sectioned and the nay 11 its ol permit drawing 
rdness checked using a Vickers’ Diamond Pyramid COMparis etwee»n th 
Hardne ss lester. two tests were the tensi 11 tallogranphic test 

Values measured are shown by Fig. 10. 2. The metallograp test licated Many unlused 
weld centers whic] ecked 1 ippearance of weld 

. fractured by the tet test wn by Fig 

: 3 1e tensile test f1 tires showed the unfused 

in order to corre ate the above test re sults with iweid centers anda a iif 


ng schedule which will produce results essentially the tensile strengths. For p1 tion tests and 
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Fig. 9 Photographs of Projection Welds in 60-Mm. Mortar Fin Assembly 


Vicker Vickers 
Loca Hardness Loca- Hardness 
Sample tion No Sample tion No 
A3 l 265 CWwWl0 l 256 
A3 2 185 CW10 2 173 
A3 3 216 CW1l0 3 142 
A3 4 537 CWl10 4 606 
A3 5 278 CWl0 5 280 
A24 264 CWl7 l 265 
A24 2 182 CWl7 2 185 
A24 3 175 CWl7 3 216 
A24 4 94 CWl17 537 
A24 5 275 CW17 5 278 
BW10 1 269 DW2 l 26 
BWI10 2 184 DW2 2 159 
BW10 3 207 DW2 3 152 
BWI10 4 614 DW2 + 523 
BW10 5 281 DW2 5 275 
BW24 1 265 DW25 l 268 
BW24 2 174 DW25 2 169 
BW24 3 181 DW25 3 155 
BW24 4 639 DW25 4 594 
BW24 5 276 DW25 5 281 


Fig. 10—Hardness Tests of Projection Welds in 60-Mm. Mortar 
Fin Assembly 
of welding schedules, it is recommended that only the 
tensile tests be used as a criterion of quality. In the de- 
sign of a testing jig of the type shown by Fig. 4, care must 
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375 DW25. 


be taken to obtain a balanced and equalized load on each 
of the two projections per fin as indicated by the photo 
of this testing jig. 

4. Inspection of the tensile test values indicates that 
welds made by contractor BW are superior to all the 
other three contractors and that no choice can be made 
between contractors A, CW and DW. In the majority 
of BW contractors’ samples the welds are stronger than 
the fins and the fins broke before the welds at an average 
value of 2369 Ib. for two welds or 1185 Ib. per weld. 

5. Analysis of the test results and welding techniques 
used by various contractors as well as inspection of the 
parts indicate three factors contributing to the greater 
weld strengths of assemblies made by contractor BW. 


(a) Use of multiple pulsation weld timing instead of 
single pulsation timing. 

(6) Use of welding electrodes so shaped as to concen- 

trate welding pressure on an area approximately 
'/, in. diameter, such area concentric with the 
projections in the fins. 

(c) Location of projection indicated by Fig. 
Table 2 to bea = '/, in. 


2 and 


All contractors were careful to hold to close tolerances 
the bore diameter of threads £, or of the plain bore 1! 
the threads were not present. The heat and pressure o! 
welding tend to reduce the diameter of this bore. 
dimension a is as large as possible (as in the case of con 
tractor BW compared with other contractors) more weld 
ing time and current may be applied to get stronger 
welds without getting excessive bore shrinkage. Th: 
welding of the assembly with no threads, E, is preferabl: 
to welding with threads present, if consideration is given 
only to obtaining the strongest welds. 

The writer wishes to express his appreciation for th: 


valued efforts of Messrs. Woods, Westhart and Bettiker 


of the Laboratory Staff of the Taylor-Winfield Corp. 
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atigue Tests of Full Thickness Plates 
With and Without Butt Welds 


By E. C. Hugej 


CONSIDERABLE number of tests have been 
reported on structural, carbon-steel plate with 
and without butt welds, covered in reports of 


the Welding Research Committee. All of the Com- 
mittee F tests were made on structural steel plates with 
structural welds, and although the general similarity 
of structural steel welds and those of the boiler industry 
is quite close, there is a difference in plate structure, 
welding technique and heat treatment 

[he following paper describes an investigation of the 
relative fatigue properties of a series of specimens fabri- 

ited of various materials by welding, which the pressure 
vessel manufacturer may employ. 

\ total of 18 specimens were prepared and tested. 
[he specimens were fabricated in the shops of the com 
pany with which the author is connected, and tested by 
Professor W. M. Wilson, on the large, fatigue testing 
machines of the University of Illinois. 

[he machines, which are of the mechanical lever 
type, have a rated capacity of 200,000 lb., and were 
operated to produce 180, zero-to-maximum stress cycles 
per minute. The results of tests of riveted and welded 
structural joints have been published.’ 


Description of Specimens 


A detail sketch of the specimens is shown in Fig. 1. 
A total of 18 specimens were prepared and tested. A 
brief description of the materials and fabrication of 
each specimen is shown in Table 1; 70,000-lb. carbon- 
silicon steel specimens were fabricated from two heats; 
the alloy plates were from individual heats for each class 
of material. It was attempted to test two identical 
plates for all conditions, and this holds true for all 
specimens except 1A and 1B, where a difference in source 
of electrode material was chosen. 

The location of individual specimens in parent plate 
is shown in Figs. 2 and 3. It will be noted that all 
specimens were cut so that the direction of rolling is 
along the length of the specimens, and the welds in all 
cases across the direction of rolling. It will be noted 
that control specimens, for physical and microscopic 
examination, were made for all materials tested. 

Surface finish was as follows: 


Plate without welds: Sandblasted after stress-relief, 
and a small number of surface imperfections re- 
moved. 


* To be presented at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct 


12 to 15, 1942 
Research Engineer, Babcock & Wilcox Company, Barberton, Ohio 
rsity of Illinois Bulletin N 302, ‘Fatigue Tests of Riveted Joint 
r M. Wilson, Research Professor of truct g, and 
I P. Thoma ial R ch Assistant in vil Engin 5 
i is Bulletin N 327 Fatigue Tests of W led Joints 
ct i tee! Plates,”’ by Wilbur M. Wilson, Walter H. Bruckner, John 
yombe and Richard A. Wilde 


Plate with Ground flush and medium polish, 


with polishing wheel operating weld, so that 
any scratches were in direction of stressing. 


welds: 


acTOss 


All welded specimens were X-rayed, and with the 
exception of specimens for porosity tests (2A2 and 2B1) 
the films show sound specimens throughout 

All specimens were stress relieved by heat treatment 
after welding, with the exception of those welded with 


austenitic 25-20 weld wire, specimens 6A, 
and 7B. 

The results of the 
Table 2. 
sponding to those of Tabl 


6B and 7A 


tests ol all Specimens are given in 
Specimens are referred to by numbers corre 


The actual number of cycles run (0 to 42,000 psi.) for 
each specimen is shown, as well as the location of failures. 
Based on the results of previous investigations’? 


with similar specimens, the fat strength corr 
ing to failure at 2,000,000 cycles has been 
from the actual stress in the stress 
number of cycles for failure by the 
equation 


spond- 
calculated 
cycle and the actual 
the empirical 


use oO! 


in which 


F = fatigue strength corresponding to failure at n 
( vcles. 
wnt 
= 
o| = 
w t 
5 
wing 5" 25 
Vim 
re 
= 
Fig. 1—Detail of Test Specimen 
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S = maximum stress of test cycle. Description of Failures 
N = number of cycles to failure. 
K = experimental constant, 0.18 for specimens with The failures occurring in the 18 specimens tested are 
reinforcement removed. described as follows: 
The results of the foregoing calculations are shown Specimen 1A.—The failure of specimen 1A occurred 
tabulated in the last column of Table 2. at the edge of the weld, along the fusion line between 
It will be noted that specimens 5A, 5B and 8B have the top of the weld and the plate material. The fatigu 
failed in the first row of bolt holes. The foregoing three Crack started at a small void of surface porosity approxi 
specimens were repaired and retested, and 5A and 5B mately '/s: in. below the surface. The crack extended 
again failed in the bolt holes. Failure was produced straight down through the specimen to the fusion lin 
within the gage length of specimen 8B. at the bottom of the weld. The specimen was com 
The following is a summary of the tests and results of pletely fractured. : 
specimens 5A, 5B and 8B: Specomen 1B.—The fatigue crack of specimen 1B 
started in the plate at one corner, '/, in. from the weld 
Additional and extended into the plate. No noticeable defect 
Specimen Cycles at Cycles at Location could be found. 
No 0 to 42,000 Psi. 0 to 50,000 Psi of Failure Specimen 2A 2.—The failure oi this specimen occurred 
3B tg 565,000 Support holes through the weld. The fatigue crack started at a 
SB 1'760'000 , awry porosity void intentionally included. Failure started 
,f UYU, “A ge eit . . 

ions at the edge of the specimen, '/;, in. below the surfac 

Table 1—Description of Material and Fabrication Fatigue Test Specimens 

Specimen 

f No Plate Material Size Description of Specimen Fabrication Procedure 

ip 1A H No. 7G109 25/5. x 104 x 114 in 25 /s9-1n., 70,000 plate welded Received as rolled. Cut into 50 x 60-in. pi 

by Slab No. 20 with 70,000 electrode A Normalized 1600° F.; welded, 300°, pre! 

% IB Firebox 70,000 *6/so x 104 x 114 in. Same as 1A except welded X-rayed, stress relieved 1150°, straight: 

a with electrode B machined to required dimensions 1 

: medium polished within gage length, « 
ground in. radius 

; 2A2 Same as 1B 28/5. x 104 x 114 in Same as 1A except welded to Specimen prepared same as 1A except weld 

‘ give No. 4 plus porosity give No. 4 porosity. Similar surface c 

2B1 Same as 1B 25/50 x 104 x 114 in Same as 2A2 Same as 2A2 cra 

3 3A Same as 1B 25/4. x 104 x 114 in 25/s.-in., 70,000 plate No Plate received as rolled. Cut into 50 x 60-1 i 

weld pieces. Normalized 1600" F 12 x 48-1 wre 

Ss, 3B Same as 1B %5/s5 x 104 x 114 in Same as 3A specimen stress-relieved 1150° F., sandblast 

machined to gage, light centerpunch mar 
'/e, in. deep, removed by grinding. Suri ve 
not polished cel 

‘ 4A H. No. 52362 1/32 x 55'/2 x 150'/2 in 1.09-in., 70,000 plate No Plate received as rolled Cut into 55'/, x 5 Sul 

: S No. 117870 weld pieces. Normalized 1600° F. Stress reliev: T] 

ie 70,000 1150° F Sandblasted and machined 

: 4B Same as 4A x 55'/o x 150'/2 in Same as 4A finished gage Iwo '/e-in. deep centerp 

y marks removed from plate 4A in 
edges. Plate 4B, '/s-in. radius edges o1 

side Surface not polished 

5A H No. 13485 '/, x 50 x 5O in s/,-in. Mn-Mo welded with Plate received as rolled, groove cut and wel 
5S No. 40 electrode C with 400° preheat. Hot plate stress reli 

5B Same as 5A '/,x 50 x 5O in Same as 5A 1150° F., straightened, X-rayed, mac! 

3 medium polished within gage. One hol 

4 in. deep ground down to '/g in. deep 
completely removed. Edges of plate fin! = 
with '/ in. radius > 

6A Same as 1A 25/4 x 104 x 114 in 26 in., 70,000 plate welded Plate received as rolled, normalized 1600 DO 

with 25-20 sandblasted, welded, no preheat, X-ray -> 

6B Same as 1A %/s x 104 x 114 in Same as 6A machined to gage, medium polished wit >Z 
~ . mM 

gage, edges finished to in. radius 
3 7A H No. 615868 1/4 x 48'/2 x 49 in /,-in. Croloy-5 plate welded Plate received annealed and pickled, but as mw 
with 25-20 annealed, straightened, welded with 25-20 > 

7B Same as 7A /, x 48'/, x 49 in Same as 7A preheat, no stress-relief, straightened, X 5 

rayed, cut to 12-in. plate width, machi ~ 

to gage, grourid and medium polished sur! 7 

“ edge finished to ' in. radius 

of: SA Same as 4A Same as 4A 1.09-in., 70,000 plate. Single Plate received as rolled, normalized 1600 

pass process weld cut to 55'/» x 50 in., 300° preheat, single 

8B Same as 4A Same as 4A Same as 8A welded, one pass each side, triple X-ra) 
stress relieved 1150° F., straightened, 

" chined to gage, medium polished with C 
edges finished to in. radius. One 
8B had low spot, '/ in. low, 1 sq. in. at “Cc 

; 9A Mn-V castings $/,x 25 x 25 in ’/in. Mn-V cast plates Castings 2'/, x 25 x 25, double normalized ae 

welded with electrode D rayed, machined to inch thick, X-rayed, |! >< 

" 9B Same as 9A 3/,x 25 x 25 in Same as 9A chined to *5/» in., machined weld grt an 

welded pairs, no preheat, X rayed wn 

stress-relieved, straightened, machined 
gage, medium polished surface to remov' 
tool marks, edges finished to '/ in 
Distinct weld line noticed after polishing 
s 508-s WELDING RESEARCH SUPPLEMENT OCTOBER 19 
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Table 2—Results of Tests 


Failure at Stre a 
1men 02 .000 0—50,000 2.000.000 
No Description Ps Psi Location of Failur: Cycles, psi 
A 70,000 plate welded with electrode A $15,900 At edge of weld (fusion li Defects below 35,500 
surface. Top weld 
B 70,000 plate welded with electrode B 802,100 In plate, '/, in. from weld In edge of pecimen 35,400 
242 70,000 plate welded to give No. 4 562,100 In weld 33,200 
porosity 
°2B1 70,000 plate welded to give No. 4 217,200 In weld 28,000 
porosity 
4 5 /-in., 70,000 plate 418.900 Near center of specime Surfa lefect 31,600 
B 28 /so-in., 70,000 plate 503,60 Near center of 2,800 
tA 1'/so-in., 70,000 plate 294,700 At end of gage lengt Plat )! irface 29,800 
iB 1! 2-in., 70,000 plate 363,300 Near enter of pecimen Piate, iinor surface 31,000 
lef 


5A Mn-Mo welded with electrode C » 770,000 565.000 Head bolt holes Repair ind retested 15—50.000 


5B Mn-Mo welded with electrode C 2,111,100 78,200 Head | ] R l $2,000 plu 
\ 70,000 plate welded with 25-2 403,900 At edge of weld 31 
6B 70,000 plate welded with 25-20 234,500 At edge of weld. In plat ut nection of plate 28,500 
and 
\ Croloy-5 plate welded with 25-20 $38,700 I i lg 1 beads 2,000 
B Croloy-5 plate welded with 25-20 32 \ g f ] Id 
SA 70,000 plate, single-pass weld 1,184,000 In plat 38,10 
SB 70,000 plate, single-pass weld 1, 7¢ 100 H It hol R Fa it edge of 41,000 
we 
\ Mn-V welded with electrode D 227 At ge of weld 28,300 
1B Mn-V welded with D $400 \ lg f wel 100 


Specimen 2B1.—The failure of the specimen was’ extending approximately one-half the width of the 
4 similar to 2A2, namely, through the weld. The fatigue specimen. The fatigue crack started from a surface 
rack started in a porosity void intentionally included defect, such as a sandblast mark or slight surface im 


the edge of the plate, and extended on through the perfection 


weld Specimen 4A, 1 in. Ii 70,000 Carbon-Stilicon 
Specimen 3A, */3-in. Thick Carbon-Silicon Plate Plate—No Weld.—Failu ecurred at one end of the 
Vo Weld.—Failure occurred in a cross fracture at the gage length, in a cross fracture located '/. in. outside of 
enter of gage length [he fatigue crack started at a_ the tangent point, with another smaller crack '/, in 
surface defect near the center of the 5-1 gage width inside of the tangent p t gage length Neither 
crack extended out to one side with small fatigue crack extended to the edges the plate The fatigue 
cracks noted in the corners of the specimen, on the side crack again started at a suri mperfection 
hich the crack extended. Specomen 4B.—-] in plate near the 
Specomen 3B.—Failure occurred similar to 3A, namely, center of the gage and did not extend to either edge of 
cross fracture '/. in. from the center of the gage length the specimen. Spe t broken, but the start 
i 
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of the fatigue crack was apparently caused by a surface 
defect similar to other plain plate specimens. 

Specimens 5A and 5B, */,-In. Manganese-Molybdenum 
Plate-—Premature failure occurred in specimens 5A 
and 5B through the forward support bolt holes. The 
specimens were repaired and retested, and failure again 
occurred through the repaired section. 

Specimen 6A, 70,000-Lb. Carbon-Silicon Plate with 
Austenitic Weld.—Failure occurred by fracture through 
the weld. Cracks were noted extending from each side 
of the specimen toward the center. The fatigue crack 
apparently started at a circular spot, with the top of the 
circle '/, in. below the top of the surface of the weld. 
The nucleus of this spot apparently contained a stress 
raiser and the crack emanated from that point. Final 
failure of the specimen occurred in two fatigue cracks, 
which apparently started from the top of the weld and 
followed the weld on down through the specimen. 

Specimen 6B.—Failure occurred at the extreme junc 
tion of the plate and weld at the top of the weld. The 
fatigue crack started near the center of the 5 in. width, 
at the surface, and extended down through the plate. 
The top of the weld was quite wide at the location of the 
start of the crack, due to a minor repair which was made 
to eliminate weld lines after initial welding. 

Specimen 7A, Croloy-5 Plate with Austenitic Weld. 
Failure occurred in two cracks extending along the 
junction of the weld and the plate material. It is difficult 
to note exact start of failure, but it appeared to be near 
the top of the weld at the junction of the plate and weld. 
The fatigue cracks follow the junctions of the plate and 
weld down through the specimen. The weld metal 
between these cracks was filled with numerous smaller 
fatigue cracks. Apparently final failure was quite 
abrupt. 


Specimen 7B,—Failure occurred again at the junction 


of the weld and the plate. The fatigue crack started at 
the top edge of the weld and followed the boundary of 
weld and plate in both directions. The top of the weld 
showed a considerable number of surface fatigue cracks 
similar to 7A. 

Specimen 8A, 70,000-Lb. Carbon-Silicon Plate x 
Single-Pass Weld.—Failure occurred in plate 3 in. from 
the center line of the weld. The fatigue crack start: 
on the flat side surface, apparently from some sm 
surface defect. The weld showed no signs of distress 

Specimen 8B,—Premature failure occurred in the front 
support holes. A retest of the specimen produced failur: 
at the edge of the weld. 

Specimen 9A, Manganese-Vanadium Cast Plate with 
Weld.—Failure occurred through a crack in the plate 
outside of the weld. The fatigue crack started at a 
minor casting void located in the corner of the plate. 

Specimen 9B.—Failure occurred through a crack ex 
tending down through the specimen at the junction of 
the weld and plate. The fatigue crack started at the 
fusion line between plate and weld, at the junction of 
the bottom and top beads, on the outside edge of th 
plate. 


Discussion of Results 


In general, the results of the fatigue tests are con 
sistent. The agreement between individual specimens 
of a pair is considered good. Specimens 1A and IB are 
of the same pair of plates, with identical fabrication 
procedure, the only difference being the source of elec- 
trode. The agreement between the two specimens 1s 
excellent. When the results are converted into fatigue 
strength at 2,000,000 cycles, the difference is approxi- 
mately 100 psi. 


Table 3—Physical Tests 


Specimen 


No. Description 

1A 5/59, 70,000 plate welded with electrode A 

1B Same as 1A, except welded with electrode B 

2A2 Same as 1A except welded to give No. 4 porosity 


Same as 2A2 


3A 25/3, 70,000 plate, no weld 
3B Same as 3A 
4A 1.09-in., 70,000 plate, no weld 
4B Same as 4A 
5A 3/,-in. Mn-Mo welded with electrode C 
5B Same as 5A 
6A 25/0, 70,000 plate welded with 25-20 
6B Same as 6A 
7A 3/,-in. Croloy-5 plate welded with 25-20 
7B Same as 7A 
SA 1.09-in., 70,000 plate, single-pass weld 
8B Same as 8A 
4 . 
QA 4/,-in. Mn-V cast plate, electrode D 
9B Same as 9A 
510-s 
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Flat 

0.505 Across 0.505 Flat 

Weld Weld Plate Plate 
P.L 60 ) $2, 800 39,000 43,30 
Y.S 66,000 44,250 43,000 43,900 
a. 79.500 78,500 75,500 77.000 
59,250 38,000 39,600 33,700 
VS. 60,800 414.200 40,750 40,800 
T.S 72,000 74,800 74,500 73,900 
36,500 39,500 
38,500 40,100 
TS 69,500 72,000 
P.L 85,000 53,000 66,000 65,000 
VS. 89.000 67,100 72,300 71,700 
T.S 96,250 93,200 91,500 90,000 
P.L. 54,000 34,000 42. 500 36,000 
VS 66,700 14 000 45,000 42,400 
T.S. 90,500 80,140 77,500 76,700 
P.L. 46,000 28,000 20,000 16,000 
¥S5 54,700 36,100 24 400 24.600 
rs 84,750 64,750 62,000 63,000 
P.L. 63,000 50,000 28,000 43,000 
va 71,600 53,500 34,300 49 200 
TS 92,500 84.300 69,500 77,550 
P.L. 52,500 36,500 41,000 33.000 
55,000 15,800 45,250 39.000 
rs 67,500 73,500 79 OM) 69,35 
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Table 4—Physical Tests : 
%o Elongation, 2 In 
Fla 
é Charpy Impact 0.505 Across ) 5OS5 Flat | Elongation 
Weld Plate Weld Weld Plat Plat Ang Deg I 1 In 
\ 27 25 16.5 Wi 64 62.5 
Plate 18 78 72.¢ 
24 26 28 29 2.5 Wel 75 63.2 
Plat 15 67.2 
2B1 4 
A 


\ 25 


22 24 9 9 Weld 18 
f Piat 74 60 


30 38 38.5 Vel 19 


Pla 84 4 1.9 
17 36 21 8 15 : 
Plat 5 
1A 24 2 26.5 Weld 59.3 
Pla 81.3 65.¢ 


2B1 are from 


Specimens 2A? and 


as LA and 1B. 


e The c ycies to failure are some what ] wer pl ites ie effect of suri itions wut tatigue 
n apparently due to defects within the weld The X-ray Strength 1S again cde strats the results of No. 8 . 
7 { both specimens shows porosity somewhat beyond specimen in c: mparison with N i. It will be recalled 
is t its OI No. 4 A S.M.] film that specimens SA al ere um 1 ly hed within 
Specimens 3A and 3B are from the same parent plate the ive | th. and t ™ 1 1A and 4B were ind 
e | | gage leng and an 
% s 1A and 1B, and are full plate sp ens with no  blaste The fracturs De en SA occurred in the ! 
we Phe plates have had the same fabricati pro pla ‘ in. from the wel t t the results of the tore 
re with the exception OI wel 1s lace finish roing ty specimens enable to raw a comparison 
lates 1A and 1B were medium polished while 3A and yetween similar plates of var rface preparatiot 
B were as ed Specimens 9A and 9B plat erial were of cast 
Will O¢ hat the pi ite specimens with welds structure ricinall hined 
d vith 1 aces semi-polished wer Superior to to i plate thickns t le electr l¢ 
with s but plate surtfa iS Sal The results i ite t ture j , et 
rc.eT he r aANNTOXIT tel, MMM) le sc t hig ‘ tes +1 ‘ 14 4 
polished welded speci: S ind 1B I fati i for a 
specil ns 4A and 4B are full 1 speci! ns I t-we ture 
in. t plate. Comparisot twe t 
t specimen No. 3 and th en No. 4 
Tr) 2 ec tc 
shows that No. 3 plate is somewhat stronger than N { General Resul 
they are still considered in ¢ Te ent I 
ce in fatigue strength 1s in agr« t witl In genera he res e te vided 1 
e in the static strength as s ests f ‘ } 
| te specimens laste ‘ ed 
A and B. of manganese-molvbdenum ‘ ~ r 
th at t O0-Ib stress ] [he exact were light 
‘ limi se specime her ‘ th 4 ‘ lat 
ire in supp les. but the results of the tests ‘es Th tic 
te that it is at least 45.000 psi.. being in all proba strengti iv ed spe (/anags ip 
| | lose to 50,000 Ib. 
ens 6A and 6B are of the same parent plate a are be a —_" 
‘ 1 1B but with an austeniti - 1 weld Table 5—Brinell Hardness Converted frorn Rockwell B Scale 
Results again compare favorably with plain plate tests 
} } n 4 —_ 4 
lower than standard weided and heat 
) treat specimens 
Sp ens 7A and 7B, of Crol plate with aust: 
weld, again show approximat same fatigue =A ; 
Sftrer +} as the TO OW tensile late ‘ 
‘ iV, LC a & - au Ciliti 
} 4 
) 4 
) Specimens SA and SB were of the sa parent plate " a: 
as 4A and 4B, but the results indicate a fatigue strength 
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43 28.5 38 Weld 18 68.7 56 
Pla 84 67 


Table 6—Ratios: Weld Hardness to Plate; Weld to Heat- 


Affected Zone; Heat-Affected Zone to Plate 


Specimen Weld/Heat- Heat-Affected 
No. Weld/ Plate Affected Zone Zone/ Plate 
1A 1.2) 1.05 1.155 
1B Lae 1.02 1.15 
5A 22 1.045 1. 167 
6B 1.3 0.94 | .37 
7A 1.58 0.68 2.33 
SA 1.42 Ry 1.21 
9A 1.07 0.8] 1.32 


proximately the same as the fatigue strength of 70,000 
lb. carbon-silicon plate without welds. Failure in each 
case of the Nos. 6, 7 and 9 specimens occurred in the weld, 
with no sign of distress within the plate material, so that 
the welds of Nos. 6, 7 and 9 can be favorably compared 
with the plain plate of specimens 3 and 4. 

Failure in the plain plate specimens originated at 
points of surface defects, which defects were more pro 
nounced and easily recognized than where failure oc 
curred in a medium polished plate section as SA, which 
failed in the polished plate section outside of the weld. 


Static Tests 


Physical test specimens were prepared from control 
plate as shown in Fig. 4. The physical values are shown 
in Tables 3 and 4. From Table 3 it will be noted that 
four tension test specimens have been prepared for each 
specimen shown. 

Specimens 2A2 and 2Bl1 were No. 4 porosity welds 
and no physical test specimens were made. 

Specimens 3A and 3B were of the same plate material 
as 1A and 1B, so that no physical tests were made. 

A tabulation of proportional limits, yield strength and 
tensile strength has been included in Table 3. Stress 
strain diagrams for each specimen tested were made and 
the proportional limit determined. The yield strength 
has been determined from the 0.1°% permanent elonga- 
tion point. 


Table 7—Chemical Analyses: 


Specimen 


| QAWT-FLAT TENSILE ACROSS WELD 
| SAWB-*« BEND 
9A WM- MICRO ACROSS WELD 
| 9A WIi- IMPACTS ACROSS WELD 
a | 9A W505- ALL WELD .505 


| QA PT-FLAT TENSILE ACROSS PLATT 
| 9APB-* BEND 
9A PM- MICRO ON PLATE 


| 
¢ WELD 2 9A PLATE IMPACTS () 
2) ~ 9A PLATE .505 


Fig. 4—Sketch Showing Typical Layout of Control Plate for 
Physical, Microscopic and Chemical Examination 


An inspection of all-weld-metal 0.505-in. tensile tests 
indicates that in all cases, except specimen 9, the 
proportional limit, yield strength and tensile strength 
of the weld metal were higher than those of the parent 
plate, the largest difference noted being between th 
25-20 weld and the Croloy a plate specimen. A larg 
difference is also noted between the single-pass weld and 
plate. 

Specimen 5 shows a close group between proportional 
limit, yield strength and ultimate strength of weld 
Specimen 7 shows the greatest spread between the for 
going three points. 

Table 8 shows the ratios of fatigue strength to pr 
portional limit, yield strength and tensile strength 

Where failure occurred within the weld, the values ol 
the transverse weld specimens are used for compariso1 


Fatigue Test Specimens 


No Description Material C Mn Si S P Cr Ni I Mo Cu 
1A 25/s-in. 70,000 plate welded with 

electrode A Weld 0.10 0.64 0.19 0 OBF 0.018 0 O28 3 
LB Same as 1A, except welded with 

electrode B Weld 0.12 0.§6@ Nil 0.041 0.021 0.015 0.48 
2A2 Same as 1A, except welded to give 

No. 4 porosity Weld 0.10 0.64 0.19 0.086 O.O18 0.028 0.33 
2B1 Same as 2A2 Weld 0.10 0.64 0.19 0.036 0.018 0.028 0.33 
3. %5/s-in., 70,000 plate, no weld Plate 0.25 0.71 0.22 0.024 0.017 0.10 0.18 
3B Same as 3A Plate 0.25 0.71 0.22 0.024 0.017 0.10 0.18 
4A 1.09-in., 70,000 plate, no weld Plate 0.22 0.79 0.23 0.027 0.022 0.09 0.06 
4B Same as 4A Plate 0.22 0.79 0.23 0.027 0.022 0 09 0.05 
5A $/,-1n. Mn-Mo welded with elec 

trode C Plate 0.22 1.18 0.21 0.024 0.024 0.44 
5B Same as 5A Weld 0.10 0.87 0.25 0.019 0.017 0.10 0). 54 
6A *8/s-in., 70,000 plate welded with 

25-20 Plate 0.25 0.71 0.22 0.024 0.017 0.10 0.18 
6B Same as 6A Weld 0.08 1.64 0.49 0.014 0.012 24.19 19.4 0.060 0.037 
7A 8/,-in. Croloy-5 plate welded with 

25-20 Plate 0.09 0.34 0.4] 0.019 0.012 1 O8 0.47 
7B Same as 7A Weld 0.08 1.58 0.49 0.016 0.011 24.29 19.21 0.067 0.08 
8A 1.09-in., 70,000 plate, single-pass 

weld Plate 0.92 60.79 0:23 0.047 0.022 0.09 
8B Same as 8A Weld 0.16 0.92 0.44 0.033 0.020 0.014 0.27 0.05 

9A in. Mn-V cast plate welded with * 

electrode D Plate 0.21 1.16 0.21 0.046 0.015 0.10 
OB Same as GA Weld 0.08 0.388 0.10 0.048 0.019 0.039 0.02 
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Table 8—Fatigue Test Results: Ratios of Fatigue Strength to Proportional Limit, Yield Strength and Tensile Strength 


imen Fatigue* 
N Failure Stress PL vs rs 
\ Weld 35,500 42. 800 14 250 78.500 
LB Plate 35,400 33,700 40.800 73,900 
Av 
2A2 Weld 33,200) 4 
2B1 Weld 28,000 f Porosity 

Plate 31,600 33.700 10,800 73.900 
.B Plate 32,800 33,700 40,800 73,900 
Av 
tA Plate 29 800 10.100 72,000 
iB Plate 31,000 39 500 40.100 000 
Av 
SA Head $5,000 65,000 71,700 90.000 
5B Head 40,000 65,000 71.700 90.000 
Av 
6A Weld 31,500 34,000 14.000 80.140 
6B Weld 28,500 34,000 14.000 80.140 
Av 
7A Weld 32,000 28, 000 36,100 64.750 
he Weld 30,100 28,000 36,100 64,750 
Av 
RA Plate 38,100 13 000 19,200 77 
SB Head 38,800 43.000 19, 200 77,900 
Av 
GA Weld 28,300 6,500 $5,800 73.500 
OB Weld 32,000 SON 15.800 72 
Av 

Overall Av 

Variation 


* Corresponding to f: 


uilure at 


> OM) 


repetitions of a cycle 


ind where the failures occurred in the plate the corre 
sponding plate values are compared 


[t will be noted that the fatigue-tensile-strength ratio 


shows the smallest variation for the range of specimens 


teste 


lable 4 is a tabulation of Charpy 


It will be 
good agreement 


the 


and also shows the results of the « 


tensile 


notch impact values 


longation and bend 


noted that the impact values are in fairly 
with 


values of Table 3 


Specimen 5A shows a lower impact and toughness factor 
in the weld than in the plate, whi | 
from the data of Table 3. 


he imps 
of No. 7 specimen is less than that of the plate, but not 


is much less as No. 5, where the 


h is to be expected 
I 


we ld 


ict value of the 


stresses are closely 


e impact values for the weld of specimen &, which 


ws the high tensile strength, are low, while the plats 


naterial, which shows the lower tensil« 


strength, has the 


determinations are shown in the 


impact value. 

Che ductility of specimen 8 is considerably lower in 
the weld than in the plate 

From the bend test data of Table 4, it will be noted 
than the elongation of the weld of specimen 8 is approxi 
mately 50% that of the plate material 

It is interesting to note, regarding the failure of the 
static test specimens prepared from 
the weld, that specimen 1B failed in the weld and speci 
men 9 failed at the junction of the weld and the plate 
lhe remainder of the specimens failed in the plate sec 


tion 


a flat section across 


Hardness Determinations 


Brinell hardness results converted from Rockwell B 
tabulation of Table 5 
Che results are segregated showing hardness of the base 


metal on either side of the weld, the heat-affected zone 


on either side and the center of the weld 


1942 


Variation \ 


Ratio, 
»>./P.! 


with Ratio 
Average, % 


lable 6 is a tabulation « 
plate, weld to heat-affected 
to plate. 

It will be noted that tl 
unity 
show the greatest deviati 
Specimen 9A 
weld-to-heat 


for the standard we 


a 


SHOWS a ai 


affected zone 1 


Variation 


l Ratio, vith 
o7 ” 
Average, % F.S./T.S. Average, % 
0. 48 
0.466 t 5 
42 
0.43 
0.455 
0.44 
0.415 
42 
0.43 - 3.5 
0.50 
0.445 
0). 47 5 
93 
4 
—13 
405 
) 467 
48 
4092 
1] 
145 


f ratios of weld hardness to 


‘at-affected zone 


foregoing ratios are nearest 
d plate: 1A and 1B, and 
ity for specimen 7A 

imilar to 7A with a low 


++ 


Chemical Tests 


Result 
The analyses of individual 
are checked, 
plate or weld material 
ysis has been tabulated f 


comparison. 


Metallurgical Examination of Plate 


Metallurgical examuinatio1 


material covered in this 


the sake of brevity ar 
included photomicr: 


of the chemical a1 


YTalll Size, Cleanliness 


iyses ar¢ hown 1n Table 7 
lates and welds 

pecimens were the same 
the table. the chemical anal 
each sp 1 to facilitate 


and Weld 


late and weld 
but for 
ination 
welds to d 


Table 9—Width of Heat-Affected Zone 


Specimen 


No Inche 
LA f 
IB 
6B 

imately 

ha No. ] 
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i 
4 
\ 
\ 
1A 
6B i 
\ ol 
513- 


j 
| 
0.83 U. 
1.02 
0.92 235 0 84 
0.04 
{) Us 
1) OF ().79 
0. 76 
0.785 (4 
0.62 {) 
1) 66 26 } 
Q95 
1) R25 
SS ] 
1.14 
1.08 4 
1.11 +25 0.87 
SY {) ~ 
0.90 
0 90 4 { i> 
0 
0.83 7 0.65 
(1) &O {458 
h #25 1S 
ré 
one and 
il 
| 
ino. 
grou 
| 
all 
Pees paper, have be 
1 
not mcindaeqd 
phs of plat ink 
and other properties. 
Speci 
| 
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Table 9 is a tabulation of the width of heat-affected 
zone for each of the welded specimens. 

Note the width of the heat-affected zone for specimen 
6B is approximately 50% of that of No. 1, while that of 
7A is 33% of that of No. 1. 

In all cases, the cleanliness of the plate material was 
of a high order. 


Summary of Results and Conclusions 


The results of the foregoing fatigue tests indicate the 
following fatigue strength limits for failure at 2,000,000 
cycles: 


70,000 Tensile, Carbon-Silicon Plate: 


1. Plain plate, semi-polished, no weld... 38,000 psi. 
2. Plate, sandblasted, no weld......... 30,000 psi. 
3. Standard weld; surface finish medium 
4. Weld with porosity somewhat worse 
than No. 4 A.S.M.E. film......... 30,000 psi. 
High-Tensile, Open-Hearth, Manganese-Molybdenum 
Plate: 
1. Plate with high-tensile weld, medium 
9 


2. Plate with medium polish, no weld. .45-50,000 psi. 


70,000 Carbon-Silicon Steel, with Austenitic 25-20 Weld: 


1. 25-20 weld, medium polish. 30,000 psi 


2. Croloy-5 plate with austenitic 25-20 
weld, 25-20 weld medium polish 


70,000 Carbon-Silicon Plate with Single-Pass Weld: 

The fatigue strength of the single-pass welded, mediw 
polished specimens tested was 39,500 psi. The fatigu: 
strength of the welded structure is considerably above: 
that of sandblasted plate, so that the strength of th 
combination would be that of a commercial sandblasted 
plate. 

In general, the fatigue strength of the specimens tested 
was of good order. The difference between commercial 
plate and medium polished specimens again demon- 
strated the effect of surface defects. 

The author realizes that the conclusions advanced 
may be subject to some adjustments, due to the brevity 
of the program, but the agreement between specimens 
indicates the results to be of real value. With th 
exception of the surface polish, all specimens were as com 
mercially prepared. The necessity of eliminating the 
effects of surface defects, to facilitate comparison, is 
obvious when inspecting the results of commercial and 
semi-polished plate specimens. 


The Etftect of Weld Spacing on the 
Strength of Spot-Welded Joints 


By R. Cella-Vedowat and M. M. Rockwell! 


HE primary purpose of this investigation was to 

study the efficiency of spot-welded joints in shear, 

as affected by spot-weld spacing. A secondary 
purpose was to determine the consistency and allowable 
strength values obtainable with commercial welding 
equipment of the type now in use in Lockheed production 
work, 

The tests were made on 24ST Alclad (purchased in the 
heat-treated condition) in the following gages: 0.020, 
0.032, 0.040, 0.064 and 0.081 in. All material of the 
same gage was taken from the same sheet. 

The welding apparatus consisted of three fixed-elec- 
trode machines, as follows: 


(a) Electro-Magnetic Stored Energy Welder (used for 
0.040 and 0.064-in. material). 

(6) Reworked Electro-Magnetic Stored Energy 
Welder (see Table 1, footnote) (used for 0.020 
and 0.032-in. material). 

(c) Standard 250-kva. a.-c. machine (used for 0.081- 
in. material). 


Most of the strength testing was done on multispot 
specimens 3 to 7'/» in. wide, each containing from 3 to 23 
spots depending on the spacings involved The reason 
for this was that the strength of the joint as a whole 
was the main subject of interest. These specimens were 

* To be presented at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct. 12 
to 15. 1942 Contribution to Welding Research Committee 


t Research Engineer, Lockheed Aircraft Corporation 
+} Production Research Group Engineer, Lockheed Aircraft Corporation. 
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not made up individually but were cut from 36-in. panels 
which had been welded up as units, as shown in Fig. | 

To give information on single-spot strength values, 
some single-spot specimens were cut from the same pan 
els, at various locations distributed throughout each 
panel. Figure 1 shows the general arrangement. Thus 
the single-spot specimens corresponded to the same spot 
spacing as the multispot specimens from the same panel 

This method of making test specimens is believed t 
reproduce production conditions much more closely than 
the welding of small specimens already cut to size. 

Three multispot specimens were tested in each material 
gage for each spot spacing, and the results averaged 1 
determining strengths per linear inch for that spacing 
From 50 to 100 single-spot specimens were made for each 
thickness, for one selected spacing only. 

Tensile test coupons of the type X-1009 ('/, in. width 
see Fig. 1) were taken from each material gage and tested 
with the grain to determine the strength of the parent 
metal. Welds of each spacing, and others taken at ran 
dom throughout the run, were mounted for photograp! 
ing to determine the weld quality. (See Figs. 15 to | 
inclusive.) 

Welder settings for making the test welds in each 
material gage are given in Table 1. 

The welds prepared for this test were produced as 
nearly as possible according to shop practice. No special 
equipment or material was used. 

Welds were up to inspection standards, in that they 
were crack free, without excessive surface burns and 
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X-1009 TENSILE COUPON 
(FROM SAME SHEET) 


GRAIN 
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j Fig. 1—Method of Cutting 
B* | / Specimens from Welded 
Panels 
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DIRECTION { 
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\ 
chi bited the necessary shear strength. (Note: There 
y have been some internal or ““X-ray”’ cracks in the = 
S$l-in. material, as shown in Fig. 18. 
Sources of Error 
The results of the strength tests may be in error (lower a | j 
ictual) to a slight extent in the lighter gages, both | 
r single-spot and multiple-spot specimens, because the Ty 
800 
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WUMBER OF SPOT welds if this factor w t known, but 
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See this type of failur i shear at t ion 
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SPEC IFICATION tions, results t le for com- 
SHOP SET UP MIN. stot, ‘ 
SPECIFICATION parison wi Art re 
the multispot sp iy involve unequal 
Fig. 2—100 Spot Consistency Curve (from 600 Spot Run) for 
0.020-In. 24ST Alclad. Welds Made at 1-In. Spacing. Re- 
worked Electro-Magnetic Stored Energy Welder. Maximum a 
Single Spot Strength Deviation from Average 257 Lb., + 26 [ | 
— 339 A+ A. 
F 
established method of physical testi by the use of E 400 | | 
ingle-shear lap joints) tends to cause a twisting or bend- 
J 
g of the specimen As the reased, the a 200 ma | 
is more toward a tension failure of the spot rather 3 = 
ne of pure shear on the joint. Thus ultimate fail 
s often caused by “‘pulling a button”’ inst ean . ~ 
> ction Spotwelds present r ly less 
rength in tens than in shear, so that e | Fig. 3—S0 Spot Consiste ve (from 300 Spot Run) for 
sed from one of shear 0.032-In. 24ST Alclad. W j. Re 
+1 ‘ worked M r W M xin m 
with pr ically m The in Sincle Spot Sire 
eased amoun t of load that ul e carried by the 
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DIRECTION 
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SIRES “| ¥0R MOLTI-SPOT TEST 


Welder Settings 


0.020 In. 


Table 1—Machine Settings 


0.032 In. 0.040 In. 0.064 In 0.081 In 
Amperes (primary) 185 190 275 400 09 
Cycles 23.4 
(Pressure ; 90 
Dial: Forging pressure 18 50 60 80 S 

Welding pressure 48 50 1 60 
| Welder regulator 46 35 3D 15 ‘ 
Delay before charging 8 8 
Recompression time 10 16 

Speed 20 8 $4 44 
Vacuum tube time delay 0.3 0.3 0).29 0.28 

Cylinders 2 2 2 2 

Poles } 4 
Main contactor On On On On 
Squeeze time 5 

Hold time 5.7 

Off time 3.8 
Overtime protection 6.7 
Heat control 46 
Time range switch High 
Heat range switch Low 
Compression 32 32 
Welding pressure 32 32 

Forging 43 42 
Resistance blocks 3&4 5 & 6 5&6 5&6 
Variable xX xX x xX 
Non-repeat x x ».4 xX 
Precompression xX xX 


Electro-Magnetic Stored Energy Welder 


Type welder used: 


Reworked* Electro-Magnetic Stored Energy Welder for 0.020 and 0.032-in 


Standard 250-kva 
a.-c. machine 


material. 


Electro-Magnetic Stored Energy Welder for 0.040 and 0.064-in. material 


Standard 250 kva.—for 0.081-in. material 


Type of etch used: 


Oakite ‘‘30”’ for 0.032, 0.040 and 0.064-in -material. 
Hydrofluoric acid for 0.081 and 0.020-in. material 


* Contactors were increased from 4 to 8; sequence timing was changed to the Square D pneumatic controls of precompression, recon 


pression and off-time timing; and other minor refinements 


| | 
| | | | | 
| |JMINIMUM PERMISSIBLE: 257 # { 
| | 
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| | V4 
SS SS: 
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WLTIMATE LOAD (pounds) 
Fig. 3 (A)—Histogram for 0.032-In. 24ST Alclad. 50 Samples. 


Reworked Electro-Magnetic Stored Energy Welder 


stress distributions among the spots and so cause failure 
at a value lower than that corresponding to the summa- 
tion of the true strengths of each spot. Such a condition 
would be especially likely to arise were the testing jaws 
out of line, the specimen clamped crookedly or the row 
of spots irregular. The probable lack of ‘“‘give’’ in the 
spots would tend to hinder the automatic load equaliza- 
tion which apparently occurs in multiple riveted joints. 
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Fig. 4 (A)—Histogram for 0.040-In. 24ST Alclad. 
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WUMBER OF SPOT 
Fig. 4—100 Spot Consistency Curve (from 600 Spot Run) for 


0.040-In. 24ST Alclad. Welds Made at 1-In. Spacing. Electro- 
Magnetic Stored Energy Welder. Maximum Spot Strength 
Deviation from Average 613 Lb., + 26, — 26.5% 
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Results 


Figures 2 to 6, and 2 (A) to 6 (A), show consistency 
rts plotted for the shear strengths of the individual 
specimens (which were made for one particular 
ing in each material gage). In each case the data 
presented in two ways—first, a chart showing the 
strength of every individual weld plotted consecutively 
the order of welding; second, a histogram showing 
frequency of occurrence of the various weld strength 
1es. 
[n Figs. 7 to 11, inclusive, are shown curves of strength 
linear inch of joint vs. spot spacing, based on the re- 
sults of the multispot specimen tests. There are also 
wn curves of average strength per spot vs. spot spac- 
iulso based on the multispot tests. In Fig. 12 the 
tter curves have been replotted to show the ra/zo be 
tween the average spot strength at each spacing, to the 
imum strength attained at any spacing for that gage. 
Ultimate load values obtained in the five selected 
terial gages were consolidated into one chart, showing 
the load-c carrying capacity per linear inch of spot-welded 
is a function of material gage and spacing of welds. 


his curve is contained in Fig. 13 of this report. 


Analysis and Recommendations 


Part I—Allowable Strength of Individual Spots 


lhe single-spot consistency charts shown in Figs. 2 to 
6, and 2 (A) to 6 (A), permit a first tentative study of the 
juestion of raising design allowable strength per spot. 
In each case the spacings used for the single-spot speci 
mens were fairly close to those giving maximum strength 
per spot, and the average strength values were within 5% 
of the maxima obtainable at any spacing (compare with 


On each chart, Figs. 2 to 6, inclusive, is a dash-dot 

horizontal line showing the average of all single-spot test 

lues, and in addition several other horizontal lines 
shown which have the following significance 
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NOMBER OF SPOT 
Fig. 5—100 Spot Consistency Curve (from 600 Spot Run) for 
0.064-In. 24ST Alclad. Welds Made at 1-In. Spacing. Electio- 
Magnetic Stored Energy Welder. Maximum Single Spot 
Strength Deviation from Average 999 Lb., +21.5, —22.5% 


Lower Line (fine solid).—Corresponds to our design 
allowable shear strength taken from the Lockheed Design 
Handbook. The Army and the C.A.A. both require that 
these allowables be so selected as to be not greater than 
SOY of the “‘minimum permissible shear values.’ The 


Army gives a table of the latter in Air Corps Specification 
No. 20011-B, but stipulates that if higher ‘‘minimum test 


values” are adopted by the manufacturer, proportion- 
ately higher design allowables may be u 


fiddle Line (dotted Corresponds to our ‘‘minimum 
permissible test values’’ taken from the Lockheed Proc- 
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Fig. 5 (A)—Histogram for 0.064-In. 24ST Alclad. 100 Samples 
Electro-Magnetic Stored Energy Welder 


ess Specification. These are 25° above our design al 
lowables; hence the latter fulfill the requirement of being 
not over 80% of the ‘‘minimum permissible shear values. 

Our “‘minimum permissible shear values’ are identical 
with the Army values given in Air Corps Specification 
No. 20011-B. It therefore follows that our design allow 
ibles are the same as Army design allowables. They 
could only be raised if our ‘‘minimum permissible shear 


values’’ were raised 


ber Line (dashed Corresponds to our “‘shop set-up 
minimum values,’ taken from the Lockheed Process 
Specification. These were adopted in order to give a 
margin of safety in shop practice and are about 18% 
ibove the * ‘minimum permissible value shown by the 
dotted line. These values are commonly applied by the 
inspector or lead man in checking the suitability of the 
machine setup. About 3 single-spot test specimens pre 
pared on test strips alrea ut to width are usually pulled 
as a criterion in applying these values 
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Fig. 6—76 Spot Consistency Curve (from 600 Spot Run) for 

0.08l-In. 24ST Alclad Welds Made at 1'/,-In. Spacing. 

Standard 250 Kva. Welder. Maximum Single Spot Strength 
Deviation from Average 1608 Lb., + 28, 1.5° 
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Shear Strengths of Single Spotwelds 


(From Single-Spot Specimens) 


Table 2 
l 2 3 
Present Design Shop Set-up 
Minimum Allowable Min. Values (at 


Material Gage, Permissible (Approx. 80% Present 118% 


In. Test Values of Column 1) of Column 1) 
0.020 140 112 165 
0.032 257 205 302 
0.040 345 276 406 
0.064 690 550 812 
0.081 1050 830 1235 


4 5 6 7 
Minimum Recommended Per Cent 
Observed Minimum Increase of 
Values, Spacing of Permissible Column 6 over 


Present Test Spots, In.* Test Valuesf Column 1 


175 1.00 175 25 
460 1.00 350 36 
450 1.00 400 16 
775 1.00 750 8.7 
1110 1.25 1050 0 


* All spacings used for single-spot consistency tests were such as to give strength values within 5% 


any spacing. 


1 The recommended minimum permissible test values are for spacings giving strength ratios of 0.95 or above. 
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Fig. 6 (A)—Histogram for 0.081-In. 24ST Alclad. 76 Samples. 
Standard 250 Kva. Welder 


A study of Figs. 2 to 6, inclusive, indicates that for 
several gages there is quite a wide gap between the 
“minimum permissible values,’’ or even the ‘‘shop set- 
up values,’’ and the lowest actuai shear strength which 
occurred in 50 to 100 single-spot specimens. 

The relative values of the various quantities de- 
scribed above for each gage are given numerically in 
Table 2, together with observed single-spot minimum 
values in the present test. (In some cases the general 
level of observed strength values may have been reduced 
as much as 5% by the fact that the spot spacings were 
not exactly the optimum values.) It is seen by compar- 
ing columns 3 and 4 that the ‘“‘shop set-up minima’’ as 
now used are fairly close to the observed actual minimum 
values (0.032 and 0.08l-in. material gages constitute 
exceptions to this statement). However, the “‘minimum 
permissible values,’’ column 1, are very conservative in 
all cases except the 0.081-in. material. 

It is understood that in many cases in actual produc- 
tion, machine settings giving weld strengths well above 
the present specification minima are found feasible or 
even desirable. On the other hand, there are believed 
to be cases where, due to inconsistent machine opera- 
tion, weld strengths occasionally fall below present stand- 
ards. However, it is probable that “minimum permissible 
values” might be raised to the present ‘‘shop set-up”’ level 
(except for 0.081-in. material) without introducing too 
great difficulties in shop procedure. Column 6 of Table 2 
therefore gives tentative recommended ‘“‘minimum per- 
missible test values,’’ which are approximately equal to 
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5% of maximum strength obtained at 


See Fig. 12. 


the original “‘shop set-up”’ values of column 3 (exception 
no change in “‘minimum permissible values” for 0.081-in 
material). Small plus or minus deviations are intro 
duced by examination of the individual graphs. Th« 
full possible increase for 0.032-in. material is not taken 
advantage of because it would probably throw this value 
too much out of line with the others. (Presumably 
there is some characteristic of the welding machines in 
use which is particularly favorable to this gage material 

Recommended ‘‘minimum permissible test values 
are based on the assumption that spots are so spaced as to 
avoid more than 5% reduction in strength as compared 
to the maximum obtainable at any spacing. The spac- 
ings required to accomplish this result are taken from 
Fig. 12 and summarized in Table 3. The reduction 
factors which must be applied if spacings within this 
range are not used are shown in Fig. 12. 

It is fully recognized, of course, that the tentativ: 
recommendations described above are based on limited 
data. However, rather than run an extensive series of 


Table 3—Spot-Weld Spacings to Give Average Shear 
Strengths at Least 95% as Great as Maximum Obtainable 
at any Spacing 
Material Gage, In. 


Lowest Spacing, In. Highest Spacing, In 


0.020 0.57 1.32 
0.032 0.96 No limit 
0.040 0.62 1.02 
0.064 0.75 1.60 
0.081 1.32 No limit 
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Fig. 7—Spot Spacing Tests. 0.020-In. 24ST Alclad 
Reworked Electro-Magnetic Stored Energy Welder 
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= 
| | SPOT SPACING (IHICHES) 
= | E Fig. 9—Spot Spacing Test 0.040-In. 24ST Alclad 
=-FROM MILTI-SPOT | a Electro-Magnetic Stored Energy Welder 
LOAD PER INCH) |  sppcrens | 
n Table 4—Maximum Joint Efficiencies 
| | | 2 4 
he 4 Ultimat Ma n 
10 “7 5 + 3 2 0 Sheet Load, Spot-Weld Spacing for 
e SPOT SPACINS (INCHES) Lb per Load, Maximum Joint 
ue Linear In Lb. pet t Efhciency 
ly fig. 8—Spot Spacing Tests 0.032-In. 24ST Alclad. Reworked t, In 56,000 X t) Linear In Efficiency 2/1 
in Electro-Magnetic Stored Energy Welder 0.020 1120 855 0.17 ).763 
1. 0.032 1790 1180 26 0.660 
0.040 2240 148 ) 26 0.660 
laboratory tests to determine their applicability, it 0.064 3580 1810 0.33 0.505 
4 would seem advisable that the recommended “minimum 0.081 440 Lit JH) 0.355 
‘a test values’’ should be tried in production for atime. If * In all cases this spacing is that called minimum permissible, 
1; Ti . sc ene and is the closest for which a ible w pe o Lined 
no difficulty 1s encountered in meeting the new re quire or TI : ; - 
INOT above eli 1 ire Dast ) saranieed mintmu 
= ments, they could be gradually extended for production sheet loads and test spot-weld loa When the load per lirear inch 
5 list for spotwelds is reduced to design values, these efficiencies will be 
- Basing Allowables on Probability Curve.—So far it has _ lower. 
been assumed that design values should be based on some = 
F percentage of “‘minimum test values.’’ However, it is specimens tested. A correction was applied by statisti- 
se felt by many stress engineers that design values might cal methods (see reference on chart) to cover probable 
- well be based on average test values, or on some value behavior for an infinite number of specimens. 
below which only a given small percentage of spot From these charts it can be determined what per cent 
strengths will fall. To provide data for further discus- of the total spots will fall below any given strength level, 
ar sion along such lines, a composite frequency chart was and a rational basis for allowable loads can thus be se- 
ole prepared (Fig. 14) based on all the single-spot shear lected. Of course, there may be cases (such as in a com- 
6 100 SINGLE SPOT SPECIMENS NJ | | 
| | | | | | | 
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SPOT SPACING (INCHES) 
Fig. 10—-Spot Spacing Tests. 0.064-In. 24ST Alclad 
Electro-Magnetic Stored Energy Welder 
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Fig. 11—Spot Spacing Tests. 0.081-In. 24ST Alclad 
Standard 250 Kva. Welder 


SPOT SPACING (INCHES) 


Fig. 12— Ratio of Spot Strengths at Each Spacing to Maximum 
pression panel which buckles under load) in which the Strength Attained ot Any Spacisy Grom Test Results on Multi 


presence of only one weak spot might start progressive _ 
failure; hence the adoption of any strength value other 


than the “minimum test’’ as a basis for design loads When the welds are spaced closely together. 


should be viewed with some caution. 


Part Il—Effect of Spacing on Strength of Spotwelds 


Figures 7 to 11, inclusive, show, as anticipated, that around it while the weld is being made. 


This phe 


nomenon is commonly attributed to “proximity effect; 
i.e., diminution of the strength of a spot due to the effect 
of adjacent spotwelds in diverting or “shunting” current 


Another catise 
the average shear strength per spot decreases markedly of diminution in strength might be the fact that as spot 
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SPOT SPACING (INCHES) 


MATERLAL GAUGE (INCHES) 


Fig. 13—Actual Load-Carrying Capacity Curves for All Gages of 245T Alclad. (These Curves Represent 
the Averages of All Values Tested Based on Pounds per Linear Inch) 
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Fig. 14—Composite Frequency Curves. All Thicknesses. 
Based on Single Spot Shear Specimens 


Curve represents total of 426 single spot shear specimens in five 
material gages: 
100—0.020-In. 24ST Alclad 
50—0.032-In. 24ST Alclad 
100—0.040-In. 24ST Alclad 
100—0.064-In. 24ST Alclad 
76—0.081-In. 24ST Al j 


spacing is decreased, the heat-affected regions around 
the spots approach each other so closely as to weaken 
the joint. (See Figs. 15 to 18, inclusive.) 

It must be borne in mind that all the spot-spacing 
charts given in Figs. 7 to 11 were made on the basis of 
results from multispot specimens. Although it was 
found that for spacings of the order of 1-in. the average 
strength per spot of a multispot specimen closely ap 


proximates the average of single-spot specimens cut 
from a row at the same spacing later discussion of 
this point), this correlation could not be checked for other 
spacings, since single-spot tests were made at only one 
spacing in each material gage. It is just possil le that 
some vagaries of stress-distribution effects might enter 


to affect the shape of the strength vs. spacing curve at 


very small or very large spacings. This possibility will 
be investigated in the near future by spacing studies using 
single-spot specimens. 


In spite of the diminution in strength of the individual 
spots, it is seen that the strength of t he joint per linear inch 
increases markedly as the spacing decreases. However, as 
the spotwelds become more closely spaced, a point is 
reached which is unsatisfactory from a production stand- 
point, although the weld strength per linear inch con- 
tinues to increase. Welds made in this range are irregu- 
lar in shape, excessively cratered and burning and surface 
pitting frequently occurs. (See Figs. 15 to 18, inclusive.) 
These minimum spacing values are shown as vertical 
lines on Figs. 7 to 11, inclusiv Applications requiring 
welds at such spacings (and less) should be run on a seam 
welder with a roll-type head. It is interesting to note 
that with this type welder, overlapping spot seam welds 
can apparently be made without encountering the diffi- 
culties described above. 

Figures 7 to 11, inclusive, show an effect difficult to ex- 
plain, in that in several cases the average spot strength 
seems to decrease slightly as spacings are increased well 
above the value where maximum strength is first 
achieved. This is especially noticeable in the welds 
in 0.020, 0.040 and 0.064-in. material. The explanation is 
not known. It 1s possible, as already stated, that it has 
to do with the fact that the tests were made with multi- 
spot specimens, and when the Sp its are very far apart, the 
load nay not be quite evenly distributed among the spots. 

In Fig. 12, the curves of strength per spot have been 
replotted in terms of the ratio of the average shear 
strength at each spacing, to that at the spacing giving 


.-In. Spacing (in Acceptable Range) 


0.020-In. 24ST Alclad 


136-In. Spacing (Less than ‘‘Mini- 
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Fig. 16——0.040-In. 24ST Alclad 


maximum obtainable strength. These are useful curves 
in considering strength reductions to be applied for vari 
ous spacings. Note that, as has already been stated, 
all spacings used for single-spot specimen tests (recorded 
on the respective consistency charts) correspond to lo- 
cations on Fig. 12, giving strength values within 5% of 
the maximum. 


Relation of Single-Spot to Multispot Specimen Strengths 


It may be seen from Figs. 7 to 11 that in most cases 
the average strength of the single-spot specimens is very 
close to the average obtained from the multispot speci- 
mens at the same spacing, at least when the spacings are 
of the order of 1 in. (The values for 0.020-in. material 
are an exception; twisting of the thin single-spot speci- 
mens during testing is a probable explanation.) Since 
all specimens were cut from the same 36-in. panels, this 
seems, at first glance, a foregone conclusion. However, 
as pointed out under Sources of Error, it is possible that 
in pulling the multispot specimens the load might not be 
evenly distributed among the spots, and so the specimens 
might fail at a value less than that corresponding to the 
strength per spot times the number of spots. ‘The re- 


sults are reassuring in this regard, and seem to indicate 
the possible validity of the use of the multispot specimen 
in strength-testing work. In fact, it is rather surprising 
to note how close the average strength per spot on three 
multispot specimens having not more than 4 spots 
apiece comes to the average strength of 50 to 100 single- 
spot test specimens. Apparently the principle of 
‘““sampling theory’’ begins to apply here, and the three 4- 
spot specimens, taken at different places in the panel 
appear sufficient to represent the mean of 100 random 
single-spot specimens. Further study of this correla 
tion would doubtless yield valuable results. As already 
suggested, it is possible that it does not hold so well for 
spacings greater or less than those tested. 

Figure 13 is a chart combining on one page all the data 
of the other curves, giving a family of curves usable in 
finding any desired relation between gage, spot spacing 
and strength per linear inch. 


’ 


Summary and Recommendations 
1. Data are presented showing the effect of spot 
spacing on the strength of a spot-welded joint per linear 
inch, as well as on the strength per spot. (See Figs. 7 to 
12, inclusive.) 


1-In. Spacing (in Acceptable Range) 


0.22-In. Spacing (Less than ‘‘Mini- 
mum Acceptable Spacing’’). Note 
Interesting ‘“‘Mushroom” Effect ol 
“Just Touching’ Welds, Also Rough- 
ened Surface 


Fig. 17—0.064-In. 24ST Alclad 
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Spa ing (in Acceptable 
m Range). Note Small Internal Crack 
— 1.66-In. Spacing (in Acceptable 


0.416-In. Spacing (Less than ‘‘Mini- 
mum Acceptable Spacing’’) 


Fig. 18--0.081-In. 24ST Alclad 


2. Close agreement has been observed between the 
average strength of single-spot specimens cut from a 
large panel, and the average strength per spot of multi- 
spot specimens cut from the same panel (all at the same 
spacing). Further checking of this useful correlation is 
recommended. 

4. Frequency charts are given showing the consist- 


Discussion continued from page 490-s) 


gen, and the hydrocarbons may cause pronounced de- 
lects. Hydrogen produces porosity. Oxygen films the 
metal causing porous coalescense and inclusions. 

lhe presence of 7% nitrogen in the Helium reduces 
the welding speed to about ?/; that obtained when only 
2% is present. All of these gases if present may be re 
moved, however, by passing the helium through filtering 
mediums. 

By the Heliare Welding Process, thicknesses of stain 
less steel less than 0.010 inch may be very easily welded. 
In the Heliare welding of stabilized stainless steel, the 


ency found in single-spot specimens cut from long rows 
of spotwelds. On the basis of such charts it may be pos- 
sible to readjust the basis of design allowables, using 
some value higher than the absolute minimum of all 
tests. 

4. Further studies on the strength of multiple-row 
joints and various spot-weld patterns should be carriedout. 


extent of carbide precipitation is very low as compared 
to other methods of welding, a property which greatly 
increases its fatigue factor 

For ferrous and copper alloys a carbon electrode 1s 
used and the welded structure is the cathode. Craters 
are eliminated in reverse polarity welding 

Along with this development of Heliarc welding of 
stainless steels, investigation revealed that stainless steel 
may be welded very 
phere. In some cases t 


tisfactonly in an argon atmos- 
1e weld appearance is better and 
less pressure and amperage are required for argon than 
for helium. The physical properties of the welded joints 
made in both atmospheres were very similar. 
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THE WELDING RESEARCH COMMITTEE 
NEEDS YOUR SUPPORT! 


EVER HAS research and standardization been more important in the Weld- 
ing Field than at the present time. The radio, newspapers, popular maga- 
zines as well as the technical press have stressed the importance of welding 

as a mass production tool. Every day we read of launchings of huge merchant 
and naval vessels weeks and months ahead of schedule with welding playing a 
major role in this speed-up. Tanks are rolling off the assembly line—all welded 
in ever-increasing numbers. In the construction of planes, guns and bombs 
welding is used more and more. We are doing these things well. Undoubtedly, 
we could save time, materials and money if we had just a little bit more knowledge 
here and there or a better understanding of the underlying fundamental phenomena. 


New steels require additional information on weldability and best techniques. 
Occasional trouble could be overcome if we knew more about residual stresses. 
More accurate knowledge would enable us to raise our unit stresses in material sub- 
jected to fatigue or impact. Quantitative knowledge of effects of each variable 
would enable us to substitute more efficient, speedier resistance-welding processes 
where applicable. Dozens of specific instances and other examples could be cited. 


The Welding Research Committee was organized some five years ago to provide 
united and cooperative action in solving welding problems. It has brought into 
its fold the major scientific research talent available in the welding field and it is 
constantly on the lookout for additional talent and laboratory facilities. It has 
solved many problems and it is working on others. It has reviewed and corre- 
lated most of the research information on welding existing in the literature of the 
world. 


Anticipating the needs of our government it started at considerable expenditures 
of funds fundamental researches on weldability which have since been taken over 
by governmental agencies. As a matter of fact fully half of the funds involved in 
its $200,000 a year program of research comes from governmental agencies. 
Industry to a very large extent is doing its share. 


WHAT IS NEEDED NOW! 


Further progress can be made if the Committee receives the following support. 


(1) Release of reports on pieces of welding researches that have not 
as yet been published. These reports may be past theses of stu- 
dents at universities, or laboratory reports on the overcoming of 
some difficulty or the securing of quantitative knowledge for some 
particular application. 


(2) Financial support in the forms of contributions ranging from $100 
to several thousand either without strings or earmarked for some 
specific project. 

(3) Cooperation from laboratories, university, private or governmental. 

(4) Bringing to the attention of the Committee needed research. 


All persons interested please communicate with the 


WELDING RESEARCH COMMITTEE 
29 West 39th Street 
New York, N. Y. 
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THE ENGINEERING FOUNDATION 


Welding Research Committee 


Sponsored by the American Welding Society and American Institute of Electrical Engineers 


——————. Supplement to the Journal of the American Welding Society, November 1942 


Fatigue Strength of Welded Aircraitt 
Joints 


By T. V. Buckwalter' and O. J. Horger? 


ONSIDERABLE importance is attached to the 
utilization of the round tube section in aircraft 

A structures. Welded joints are usually used in 
built-up composite structures but little information exists 


as to the fatigue limit of the complete structure. The fs 
quality of a joint is often judged by various methods such 
as pressure tests, magnaflux examination, metallurgical 
resented at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct. 12 to 15 

e President, Timken Roller Bearing Co., Canton, Ohio 

charge of railway engineering and research, Timken Roller Bearing 

Canton, Ohio ¥ 
Fig. 1—T-Joint Gas Welded with Alloy Welding Rod , v7 oP, » 


Fig. 3—Fatigue Fracture of Copper Brazed T-Joint, Design D 


investigations and static tests. In many applications 
the fatigue limit is important but for lack of fatigue data 
these other methods of testing are used to give a cri- 
terion as to the endurance properties of the joint. Sur- 
face irregularities and internal defects in welding may 
entirely upset any relationship of such criterion as to 
fatigue characteristics; at best such round-about meth- 
ods lead to considerable uncertainty 

This paper reports the results of fatigue investigations 
on gas- and arc-welded composite structures and joints. 
The data are issued as a progress report and are not in- 
tended to offer general conclusions but rather to indicate 
the desirability, methods and projected results obtain 
able. 

The application of copper-brazed joints in this field 
is comparatively new. Copper brazing has been employed 
in various kinds of assemblies where the stresses are gen- 
erally low and particularly where the members are not 
subjected to appreciable fatigue stresses. This report 
Fig. 2—Fatigue Fracture of Copper Brazed T-Joint, Design C also includes fatigue results on copper-brazed joints 
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made from aircraft tubing and on built-up crankshafts 
which were copper brazed together, 


Design of Fatigue Specimens 

Tube-Triangle 

Tube-triangle specimen shown in Fig. 15 was made 
from steel aircraft tubing having l-in. O. D. with 0.045- 
in. thick wall section. Two of these triangles were oxy- 
acetylene welded with a plain carbon rod by welders in 
an aircraft plant who were accustomed to welding this 
type of material and joint. The one arc-welded speci- 
men was processed by the same plant and was among the 
first samples made by arc welding. 


Welded 


One design of oxyacetylene-welded T-joint shown in 
Fig. 1 was investigated using two different types of weld- 
ing rods. To form this joint one end of a 1'/:-in. tube 
was milled with a 2-in. diam. cutter so as to give the 
proper contour fit against the 2-in. tube. In some cases 
the edges of the T-joint of the 1'/,-in. tube were cham- 
fered and others were unchamfered. A high test 
alloy steel rod */:-in. diam. was used to fillet weld four 


iY 


T-Specimens 


4 


specimens called Type A. 


B, were fillet welded with a Eutectic 


Another five specimens, Type 


at low temperature using No. 16 


In this latter case the 1'/: 


and 2 


Welding 


rod */s-in. « 


heated in the proximity of the joints to a cherry red be 


applying the welding rod. 
were stress relieved after 
was done in a shop accustomed to gas welding of heavier 


None of 
welding. 


the 


sections than the light gage aircraft tubing used here. 


T-Specimens—Copper Brazed 


above 
All above wel 


Alloy 
liam 
-in. tubing was locally 


id 


Two types of copper-brazed specimens, designs C and 
and 3, were investigated. Th: 
method of making the joint between the 


D, as shown in Fig. 2 « 
tubes for design C, 
tube; 
shaped in a die to have the proper contour to fit the 2-ir 


1'/9-in. 


tube. 


the flange 


» formed was 


2- and 1'/,-in 


consisted of fle anging the end of the 


n. wide and hot 


The joint for design D was made using an im- 
provised fitting similar to a T-pipe fitting 
was machined from $.A.E. 


This fitting 


4615 steel and made in two 


pieces and gas welded together as shown in Fig. 


After copper brazing the 
treated by quenching in oil from 1550” 


at L000 


F. 


above specimens were heat 


and tempered 
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Fig. 4—Two Designs of Sleeve Joints 
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Fig. 5—Track Link 


Sleeve Joints 


[wo types of sleeve joints, designs E and F, were cop 
per brazed as shown in Fig. 4. Aircraft tubing 1'/2-1n. 
diam. and 0.072-in. wall thickness was given about 

\02-in. press fit into a sleeve made from similar tubing 
of 0.072-in. wall thickness. This joint was then copper 
brazed in a furnace and heat treated by quenching in oil 
from 1550° F. and tempered at 1000” F. 


Track Link 


Specimen designs G and H shown in Fig. 5 were mach- 
ined from a track link assembly which had been copper 
brazed and heat treated. A longitudinal section through 
this link before the specimens were cut out is shown in 
Fig. 6. 
t 


The end forgings were saw-cut between the two 
ubes and then turned down concentric with the tube to 
which it was brazed. This assembly was then press 


fitted into a disk as shown in Fig. 5. 
Motor Mount 


A complete aircraft motor mount frame shown in Fig. 
7, which is obsolete in production, was tested in fatigue. 
The diameters of the various aircraft tubing constitut 
ing this gas-welded structure are indicated in Fig. 7 


Crank Arm 


Design K specimen is shown in Fig. 8 to indicate how 
a shaft was press fitted and then copper brazed in a hub 
to somewhat simulate a built-up crankshaft. The pro- 
portions of hub width and shaft diameter were main- 
tained in accordance with design practice on some 
crankshafts. Tests were made where the entire as- 
sembly was heat treated after furnace brazing and also 
without heat treatment. Comparative tests were also 
made on assemblies which were press fitted and not cop- 
per brazed and with and without heat treatment of the 
shaft. Assemblies which were heat treated after brazing 
were machined all over before testing. 


Crank Journal 


Four designs of crank journals, Types L, M, N and P, 
shown in Fig. 9, were investigated. Types L, M and N 
journals were machined from two separate pieces of steel 
irom the same bar stock, copper brazed together in a 
vertical position in a furnace, heat treated and then 
machined all over for test. Some specimens were also 


Fig. 6—Longitudinal Section Through Track L 
Designs G and H Specimens Were Machined. Upper Por 
tion Macro-etched 


ink from Which 
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Table 1 


KIND 
TYPE OF TYPE STEEL HEAT TREATMENT BRINELL * 
TIGUE SPEC WELD S,A.E. AFTER WELDING HARDNESS 
194-213 
Tube-Triangle Gas X 4130 Not Stress Relieved VPR 
Gas Not Stress Relieved 262-277 
T-Specimens xX 4130 
Cu Braze ‘Oil Q. 1550°F, T. 1000°F,. 285=302 
Sleeve Joints Cu Brase X 4130 O41 Q. 1550°F, T. 1000°F. 262-269 
Tube 2335 
Track Link Cu Brazse Sleeve 4640/ Quench and Temper 
Not Stress Relieved 
Engine Mount Gas X 4130 Except Motor Lugs. 
Oil 9. 1525°F, T. 1150°PR, 277-29 
Not Cu Braze Not Heat Treated 311-32 
Crank Ars On Sree 4340 Not Heat Treated 311-321 
Oil Q. 1525°F, T. 1150°F. 277-293 
4340 O11 Q. 1525°F, T. 1150°F. 293-302 
4640 O42 Q. 1525°F, T. 1050°F, 229-277 


* Converted Re hardness values except for tube-triangle which is Vickers Pyramid No, 


using 5 Kg. load. 


investigated where nearly all the mating surfaces of the 
joint were copper plated before furnace brazing. The 
only surface not copper plated was the outer transverse 
groove wail in the male member marked X in the figures 
of Table IV. No copper was added in the furnace braz- 
ing operation. Type P was a one-piece journal tested as 
a means of comparing its fatigue strength with the two- 
piece assemblies. 


Fig. 7—-Aircraft Engine Mount in Fatigue Test Position Showing 


Tube Diameters and Strain Gage Location 
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Fig. 8—-Crank Arm Specimen, Design K 


Material, Welding and Brazing* 


Table 1 gives material specifications of the kind of steel 
used in the various fatigue specimens reported here as 
well as some notes on welding, heat treatment and 
hardness readings made away from the joint. All copper 
brazing was done in a 90-kw. special atmosphere conveyor 
type furnace at 2040° F.; heating time was 21 min. and 
cooling time, 49 min. 


Method of Testing 


All fatigue tests reported here were made in rotating 
bending with the exception of those tests made on the 
tube-triangle and the motor mount. 

The T-specimens, sleeve joints, track links and crank 
arms and journals were all tested as rotating cantilever 


* All X4130 tubing furnished by Summerill Tubing Co., Bridgeport, Pa 
all copper-brazing work was done by Spun Steel Corp., Canton, Ohio. 
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Fig. 9—Design of Crank Journal Specimens 


beams similar to the setup for the first two mentioned 
specimens shown in Figs. 10 and 11. One end of the 
test member was bolted to the head of the testing ma- 
chine which rotates at 2200 r.p.m.; the opposite end had 
a load applied to it through a spring having a low spring 
constant. The bending stresses expressed for these 
specimens are only nominal calculated stresses and do 
not include the effect of stress concentration. In this 
calculation the length of lever arm is taken as being from 
the center line of the loading bearing to the plane of the 
joint; this lever arm times the spring load gives the 
bending moment which product is divided by section 
modulus of the tube at the joint to obtain the bending 
stress expressed in this paper. 

Tube-triangles were tested in reversed bending in ac- 
cordance with the setup in Fig. 12. A variable throw- 
crank operates in a vertical plane and at right angles to 
the triangle clamped in a horizontal plane. Operating 
speed is 500 strokes per minute. Bending stresses in 
these members were determined by actual strain-gage 
measurements. Carbon strip-resistance gages were cali- 
brated dynamically, cemented to the members as shown 
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in Fig. 13, and a recording oscillograph film taken with 
the triangle under repeated stres 

In some of the above fatigue tests the specimen was 
tested at a certain stress and if failure did not develop 
after about 10 million reversals then the stress was in- 
creased by successive increments until failure developed. 

A complete airplane motor mount was 
variable stresses as shown in Fig. 14. 


subjected to 
The mount was 
bolted in its normal operating position to an upright 
member forming a part of the base of the testing machine. 
An adapter was fixed to the lugs on the motor suspension 
ring on the front end of the mount The center of this 


adapter was mounted over a crank pin having 0.110-in. 


throw which caused the front face of the mount to os- 
cillate in a circle at 5001 p.m \ simultaneous constant 
torque load of 4560 ft.-lb. wa 11SO appli d to the front 


of the mount through the adapter by means of a lever 
and spring. Stresses in the various tubular members of 
the mount were determined from strain measurements 
made dynamically using carbon strip-resistance gages. 
These gages were calibrated dynamically, cemented to 
the tubular members as shown in Fig. 7, and recording 
oscillograph records taken while the mount was being 
subjected to repeated stresses 


Results of Fatigue Tests 


Tube-Triangle 


Table 2 gives the results of fatigue tests and the meas- 
ured bending stresses for the conditions under which the 
three specimens were tested. The welded joints were 
visually examined every hour until the first fatigue 
crack appeared. Therefore, this table gives the number 
of strokes necessary to develop the first visible crack as 
well as the number of strokes required to propagate the 
crack to the condition of failure of the specimen shown 
in Figs. 15, 16 and 17. The first fatigue crack in all 
three specimens developed near the edge of the weld simi- 
lar to that shown in the photomacrographs and photo- 
micrographs of Fig. 18. Results of a hardness survey 
given in Fig. 19 were made on the same surface shown in 
Fig. 18. 


Sleeve and T-Joints 


Table 3 summarizes all 
mens, sleeve joints, track link and crank arm tests. 


Typical failures of T-joints are shown in Figs. 2, 3 and 
20. Design C joint first developed fatigue failure in 
the fillet of the flange on the | in. tube and then broke 
through the copper braze as exhibited in Fig. 2. Design 
D joint first developed failure through the 1'/;-in. tube 
at the end of the copper braze where it enters the T-fitting 
indicated in Fig. 3. Fract f a gas-welded member 
appears in Fig. 20. R readings made or 
T-joints, design A, on the alloy steel rod weld metal gave 


equivalent Brinell values of 223 to 241 and 295 in the 


heat-effected zone of the parent metal. On desig ? 
Rene 
l-joints using the eutectic rod, the equivalent Brinell 


readings were 197 to 207 on the we 
heated zone of the parent material. 
The appearance OI a ia l 


leeve joint is given in Fig. 


21. Photomicrograph made in the region of the end ol 
the joint where some failures took place in the -in 


tube is shown in Fig. 22: it will be observed how the 
copper brazing forms a fillet. Some fractures took place 
in the press-fitted joint where the tube is held in the test- 
ing head as indicated in Table 3. 

he track links failed the tube at the end of the 
copper-brazed fit and the quality of braze is shown in 
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Fig. 10—Method of Testing Copper Brazed T-Joint 


1l—Method of Testing Copper Brazed Sleeve Joint, 
Design F 


Table 2—Results of Fatigue Tests on Tube Triangles 


Carbon resjstance strain 
gauges shown at B and C, 


1” 0.D.X 3/64" wall thickness 
aircraft tubing 14130 not stress 
relievea after welcing. 


* Same specimen was used and stress increased, 


530-s 


WELDING RESEARCH SUPPLEMENT 


DEFLECTION) BENDING | lst CRACK | TOTAL NO. | sie | lst CRACK TOTAL NO 
AT | STROKES, | LOCATION OF TesT,| NO. * | STROKES, | LOCATION | 
wpe | once | MILLIONS MILLIONS | MILLIONS MILLIONS 
| — 1 |No Failure 10.845 | 
| + 7/64""|14,200 | 15,800] 1 | | 
+ 7/64" 115,050 | 26,325 | | | 2 | Sunction.at} 
Toent . | |Weld Junction at | 
| + | 8,450] 9,600] 3 | .620 | 1.30 | | 
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Table 3—Results of Fatigue Tests on Various Welded Joints 


KIND OF SPECIMEN Fogel NO. OF 
NG DATA TRES REMARKS 
a 12,000 300 Failed in weld, 
oan No 1 9,000 450 Failed in weld, #3 
A i Alloy 9,000 17,600 Failed in weld, Chamfered | 
Fig. 1 |stress | Rod 5,000 600 Failed in weld. { at joint. 
relieved 
Ge 12,000 11,000 |Failed in weld 
9,000 19,800 |Failed in weld 
Weld- porta 5,000 4,400 |Failed in weld 
Rod 5,000 1,100 [Failed in weld Chamfered 
Fig. 1 erste 5,000 650 [Failed in weld at jcint. 
<a C Fig.2 12,000 740,000 [Failed at fillet in flange 
Furnace 12,000 | 750, 000 |Ho failure 
Cu rye & 337500 | 10,700,000 Failed at end of braze 
D Heat Treat 
Fig. 3 
12,000 12,950,000 failure 
15,000 12,620,000 |No failure 
Furnace 17,000 #/12,100,000 |No*failure 
Lh . Cu Brase & 19,000 12,500,000 |No failure 
Ls 5 Heat Treat 20,500 15,900,000 |Failed at Z, stress 20,000 
Ning Fig. 4 19,000 4,180,000 | Broke at Z, stress 18,300 
17,000 3,230,000 | Broke at 
SLEEVE SPECIMENS 15,000 14,200,000 |No failure 
z 17,000 */|18,550,000 |No failure 
19,000 10,000,000 {No failure 
15,000 10,000 , 000 | No failure 
4iZ — 17,000 924,000 | Broke at Z, strese 20,800 
- F Furnace 17,000 5,670,000 | Broke at Z, stress 21,200 
thi Gia. Cu Brase & 15,000] »|12,130,000 |No failure 
/ Y Heat Treat 17,000 130,000 |Broke at 2, stress 19,500 
439200 200,000 INo failure 
; 7,5250, 000 |Broke near Z, stress 19, 600 
15,000, 2,310,000 | Failed at Y 
V7) Y 12,000; 16,700,000 | No failure 
4} G 13, 500} * 12, 470,000 No failure 
Furnace 15,000 15,700,000 |No failure 
‘ Cu Brase & 17,000] {10,000,000 |No failure 
Hi Treat 
15,000] » 14,300,000 |No failure 
AKL 17,000 950,000 |Failed at Y 
a TRACK LINK H | 
| Fig. 5 | 
PHOT 
N0, NY 19,000 |All four shafts pulled 
va Furnace Heat 15,000 | out of hub before load 
Cy Treat 15,000 | | was fully applied and 
: —$~- Braze 15,000 | | whi le shaft was running. 
Fic. 8 Not HT 5,000 _754,000 | Broke at 
f Press 15,000 00 | Crack-in wh. deep 
Gu Not HT 15,000 7,870 ,000 roke in wheel fit 
Brazed | 


* These stresses applied in successive increments to same specimen until 


failure developed. 
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Fig. 12—Crank Mechanism for Applying Reversed Bendin The We 
to g grooves holding the copper-brazing wire. The quality 


of the brazed joint is indicated in Fig. 26. 

Design M journal developed failure through the base of 
the fillet on the male member as shown in Fig. 27. No 
groove for brazing wire was located in the region of these 
fractures. Of the six specimens tested at 15,000 psi. 
five failed in less than 3,000,000 reversals while one 
specimen ran 12,113,000. 

In the case of designs L and M, the portion of the 
brazed joint, X (Table 4), running into the outer surface 
developed fatigue failure, and then fatigue failure took 
place through the steel member in a highly stressed re- 
gion as stated in Table 4. After fracture it was ob- 
served that the mating surfaces of all these specimens 
were not completely brazed over the entire area; also 
spotty formations of chromic oxide deposits were found 


as shown in Fig. 27. The 4340 steel used had 0.69% 
chrome content so that 4640 steel having 0.16% chrome 
was also investigated for design M. As indicated in — 


Table 4 the fatigue results were little different due to 
changing from 4340 to 4640 steel. 

Typical fracture of design N journals is shown in Fig. 
28 and here fatigue failure developed entirely through 
the copper-brazed joint and not through the steel sec- 
tions. One copper-plated specimen, however, tested at 
12,000 psi. ran 3,790,000 revolutions when failure devel- 
oped similar to that shown in Fig. 28 but the male mem- 
ber was also fractured through the fillet as noted in 
Table 4. 

The copper-plated specimens of designs M and N gave 
fatigue results little different than for the unplated mem 
bers as recorded in Table 4. Examination of the frac- 
tures after test showed that they had areas not com 
pletely brazed in the region marked X (Table 4) on the 
male member which was not originally copper plated. 


A static torsion test was made on two design L speci- 
mens giving 4850 and 5300 ft.-lb. to complete failure. 
This is equivalent to an ultimate shearing stress of 14,300 
and 15,650 psi. 
Motor Mount 
The motor mount withstood 1,158,500 stress reversals 
before the first fatigue failure developed. This fracture 
occurred away from the weld in the bottom 1'/,-in. 
diam. diagonal tubular member as shown in Fig. 29. A 
Fig. 13—-Location of Carbon Resistance Strain Gages Used in 
Determining Bending Stresses in Triangular Specimen During 
Test 
Fig. 23. There is a slight diffusion of copper into the 
grain boundaries. 
All four crank arms which were copper brazed and 
then heat treated pulled apart in the brazed joint before 
the specimens could be fully loaded to 15,000 psi, as 
recorded in Table 3. One copper-brazed assembly was 
tested at 15,000 psi, which was not heat treated after 
brazing and it did not pull apart but broke off at the end 
of the brazed fit as shown in Fig. 24. The press-fitted as- 
sembly made with a heat-treated shaft and without braz- iz 
ing was only cracked 0.008 in. deep after 88 million re- 
versals at 15,000 psi. 
Crank Journal 
be: 
Table 4 gives all the fatigue data on the various de- of 
signs and materials tested as crank journals, Fi 
Typical —sg of design L journals front 4340 steel - Fig. 14—Fatigue Test Arrangement for Aircraft Motor Mout!. ir 
shown in Fig. 25 where fatigue failure took place in the Crank Drive Used to Oscillate Front Face of Mount Shown @ ing 
male member through the base of one of the annular Right TI 
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Table 4—Results of Fatigue Tests on Crack Journals 


KIND OF |BENDING STRESS No. OF 
DESIGN OF JOURNAL STEEL ~|AT Y, BASE OF 7 REMARKS : 
S.AcE. |FILLET, P.S.1. [REVOLUTIONS 
Y 20 ,000 20,500 | Brassed joint broken 
\ 15,000 102,500 ||Cu brase broken at X and 
then failed through groove Z 
4340 15,000 370,000 |jwhere stress was 30,000. 
x z 
DESIGN L. 
Y 15,000 1,360,000 
15,000 328 ,000 
4340 15,000 99,800 ||Cu brase broken at X and * 
15,000 12,113,000 |>)then failed through fillet ° 
17,000 600,000 |jat Z on male member. \ 
15,000 2,900,000 
4640 15,000 200 ,000 
4640 12,000 165,000 || Failed thru fillet at Z on male 
Cu 12,000 154,000 { member ~- incomplete braze at X, 
x Zz Plated 
DESIGN M. 
ei 15,000 400,000 | Cu braze broken 4 
PX Y, 4640 15,000 266,000 | Cu braze broken 
Z 
12,000 924,000 | Failed thru Cu braze but 
4640 incompletely brazed at X, 
AA Cu 
Plated 
3 12,000 3,790,000; Failed thru Cu braze end fillet 
near X on male member — braze 
incomplete at X. 
15,000 17,100,000 | No failure 
20 ,000 24,100,000 ; No failure 
22,000 12,600,000 | No failure 
4340 25,000 14,400,000 || Broke outside of journal in 
pects the wheel fit, stress 29,400. 
25,000 3,840,000 
DESIGN P. 


* These stresses applied in successive increments to same specimen until 


failure developed. 


bending stress of + 8800 psi was determined on the top side 
of this failed tube from gage 7 (Fig. 7). As shown in 
Fig. 29 the strain gage was located about 10 in. away 
from the plane of fracture so that the nominal stress caus- 
ing failure would be expected to be a little under 8800 psi. 
The tube which failed showed positive evidence of having 


been accidently struck by an 
in the process of doing some 
the testing machine. The 
passed directly through one 


in Fig. 29. 


electric arc which happened 
arc welding on the frame of 
plane of fatigue fracture 
of these arc spots as shown 


Immediately after the above described failure took 
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Table 5—Literature Summary of Fatigue Data on Welded Cr-Mo Aircraft Tubing 


TENSILE STRENGTH, PSI REVERSED BENDING] 
WELDING PROCESS HEAT TREATMENT % TENS, tT 
UNWELDED | _ WELDED PSI__| STR, PULSATING | Rey 
CORNELIUS AND BOLLENRATH (2), 1937; 10 "III.ION CYCLFS CRITERION 
None Unwelded 41,000} 40 | King 
Gas Torch Butt Welded As “Nelded 103,000 93,000 = 18,400] 12.9 fi 
Air Cooled 1530°F 113,000 | 118,000 + 24,000] | | 
Oil 1530°F, Temper 165,000 | 160,000 © 22,300] 14.1 
" ) " " O11 Q. 1530°F, Temper 1023°F} 150,000 | 147,000 + 29,000] 19,7 
" n " " Oil Q. 1530°F, Terper 1100°F} 130,000 | 127,000 + 28,000] 22.0 | 
Oil 1530°F, Temper 1200°F]} 119,000 | 119,000 t 28,300] 23.4 
Atomic Hydrogen Butt Yelds - As Yelded 103,500 = 24,000] - - - 
Tubular Longeron with Diag, Struts - As Gas “elded 20,000| - - | 
CORNELIUS (3), 1939; 10 MILLION CYCLES CRITERION 
Gas Torch Butt Yelded As “Nelded = 26,500 | 
= 
BOLLENRATH AND CORNELIUS (4), 1940; 5 MITILION CYCLES CRITERION » ~_ 
Gas Torch Butt Yelded Unwelded 35,600 |* 17, Fig. 1" 
As Welded 19,200 
Heat Treated 21,4C 
ta 
ROS (5 9413 ‘IL N CYCLE CxHITERION 
ROS (5), 1941; 2 CYCLE CHITERTON 
Gas Torch Butt “elded As Welded | | 53s: 9 pt 
place, a second complete fracture occurred in the top Bending stresses determined from oscillograph records 
diagonal strut shown in Fig. 30. This fracture was in taken several times before failure and during the test for 
the vicinity of gage 6 (Fig. 7) and started at the edge of the sixteen gage locations shown in Fig. 7 are tabulated 
the weld and progressed through the l-in. tube. The as follows: 
recorded bending stress on the top side of the tube at 
gage 6 location was only +3600 psi. The failure of the Gage sending Gage Sending 
bottom member (Fiz. 29) would considerably increase the No. Stress, Psi. No Stress, Psi 
stresses in the top diagonal (Fig. 30); it is not known as 1 500 9 5,700 
to how much such increased stress did contribute to the “ 6,200 10 1,400 
second fracture occurring in Fig. 30. The failure in the 
weld may have initiated somewhat simultaneously with 5 Nil 13 9300 
that in the unwelded bottom diagonal tube and then final 6 3,600 14 300 
> Te 4 ox > » fai > 7 7 5 2,900 
rupture of the weld took place after complete failure of } 14'400 16 9°800 
the unwelded tube. 
Cc 
BOTTOM SIDE OF TRIANGLE NO BOTTOM SIDE OF TRIANGLE NO 3 
Fig. 15—Fatigue Failure of Gas-Welded Tube Triangle at A, D, E and F Fig. 16—Fatigue Failure of Gas-Welded Tube Triangle at A and? 
§34-s WELDING RESEARCH SUPPLEMENT NOVEMBER 19 
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336 
317 
130 — 
i26-—— 


_ FATIGUE 


CRACK 
17,80 Fig. 17—Fatigue Failure of Arc-Welded Tube Triangle at A, 
- 96 B and D 


—— Figure 31 illustrates typical oscillograph records ob- 
tained from eleven gage positions. The above stresses 

~- were ascertained with the static torque load superim- 
posed on the oscillating action but records also made Fig. 19 
without the torque load showed little change in these neal ek 

—--— stresses. The above stresses were reduced from nil to 
/00 psi. when the torque loading was omitted. 


Hardness of Weld and Parent Metal 


£ 


2 FULL SIZE DETAIL AT FRACTURE A'IN 
b MICRO (x12) MADE ON CUT FACE OF (q@) 


SAME AS (b) (x 80) 


Fig. 18—Gas-Welded Tube Triangle No. 3 
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Discussion 
Tube-Triangle 


All these triangles failed at relatively low-bending 
stresses as shown in Table 2. While the stresses were 
not determined at the plane of fracture it would appear 
that the gas-welded joints will have an endurance limit 
in reversed bending of less than 9000 psi. nominal stress. 
The small number of specimens tested prevents drawing 
a conclusion relative to gas versus arc welding but there 
would appear to be no outstanding difference at the one 
stress level of about 15,000 psi. at which somewhat com- 
parative data are given in Table 2. As mentioned be- 


Fig. 20—Fatigque Failure of Design A T-Specimen Gas Welded 
With Alloy Steel Rod 


Fig. 21—Fatigue Failure at End of Copper-Brazed Sleeve Joint, 
Design 3 


fore, the arc-welded triangle represents an early attempt 
at arc welding and this coupled with the appearance of 
the arc weld in Fig. 17 should be an explanation for not 
using the fatigue results on this specimen as indicative of 
endurance properties of arc welds. 

In all cases fatigue failure started through the junction 
of the weld metal with the parent material as shown in 
‘igs. 15, 16, 17 and 18. 

The literature! pertaining to the fatigue strength of 
butt-welded joints from Cr-Mo aircraft tubing is sum- 
marized in Table 5. Itisapparent that other investiga- 
tors obtained well over twice the value of less than 9000 
psi. reported by the authors. : 


-Joinis—Gas Welded 


The surface irregularities of the fillet weld such as 
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Fig. 22—Longitudinal Section Through Copper-Brazed Sleeve 


Joint, Type E. x 60 ° 


typically shown in Fig. 1 certainly do not contribute to 
the fatigue strength of the joint. Metallurgical exami 
nation of the welds, however, showed a very good rating 
as to porosity. In the case of the weld using the steel 
rod very good penetration was found but the eutectic 
rod showed no penetration. 

This type of joint introduces considerable stress con- 
centration from its shape effect. Tocher® investigated 
the magnitude of stress concentration for such joints in 
tension but not in bending. 

As indicated in Table 3 these joints, designs A and B, 
will have an endurance limit in rotating bending consid- 
erably under 5000 psi. The fatigue values obtained by 
other investigators in Table 5 are not directly compa 
rable with the results of the authors because of the dif 
ference in joint design and stressing in reversed bending 
instead of rotating bending. The large differences 
between the authors’ results and Table 5, however, do 
suggest that improvements in welding may be expected 
to increase the fatigue values obtained for the T-joints. 


Cu Brazed 


Design C joint, Fig. 2, could be improved by increasing 
the fillet on the tube flange. Design D joint (Fig. 3 
has an endurance limit between 12,000 and 13,500 psi.; 


T-Joints 


Fig. 23—Longitudinal Section Through Copper-Brazed | 
g g Pp 
of Track Link Forging Shown at Top and Tube at Bottom 
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provement could be made by tapering the thickness of 
the pipe fitting where the tube enters from about !/s. in. 
and in a manner similar to designs E and F joints 


Sleeve Joints 


Design E joints exhibit an endurance value of 15,000 

17,000 psi. Failure of Type F joints in the press fit 
makes it difficult to assign a fatigue limit but there is no 
reason to believe that it would be any different than for 
design E. These failures within the press also suggest 
that the endurance limit for such press fits is a little un- 
der 18,300 psi. at which the lowest-stressed assembly 
failed. Therefore, the press-fitted assembly has a little 
higher fatigue limit than the copper-brazed joint. 


Track Link 


Design G joint has an endurance limit between 13,500 
and 15,000 psi. Type H would be expected to be better 
than Type G because of the more gradual change in sec- 
tion at the joint, but its endurance limit is not likely to 
exceed 15,000 to 17,000 psi. found for joints E and F. 
A decarburized surface was found on Types G and H 
joints as well as designs C, D, E and F as a result of heat 


Fig. 24—-Fatigue Failure of Copper-Brazed Crank Arm, Design ] 


treatment in regular atmosphere furnace. The detri- 
mental influence of a decarburized surface upon the 
fatigue strength of a member is well known. Heat 
treatment in a special atmosphere furnace or even no 
treatment after brazing may lead to higher fatigue 
values than obtained; such values may then be more 
comparable with those obtained by other investigators 
on welded joints quoted in Table 5. 


Crank Arm 


Residual stresses set up by heat treatment may be the 
cause for the Type J crank arms pulling out of the braze 
joint shown in Table 3. The press fitted arm ran 10 
times as long as the copper-brazed assembly at a stress 
level of 15,000 psi. for the case of the untreated shafts. 


Crank Journal 


It is believed that the endurance limit value of less 
than 12,000 psi. found for all types of brazed crank as- 
semblies can be improved because every specimen tested 
exhibited incomplete brazed area, particularly in the 
region marked X (Table 4). Commenting on the three 


Fig. 25—Fatigue Failure of 
Copper-Brazed Crank Journal, 
Design L 


designs of journals it is apparent that design L is the 
least desirable because the vertical portion of the joint 
is in a region of fillet stress concentration and would 
invite fatigue failure in the copper-brazed joint. Design 
M represents an improvement over L in that the brazed 
joint opens into the outer surface in a region of relatively 
low fillet stresses. This construction, however, makes 
it difficult to obtain a good braze at surface marked X. 
Failure of Type M at fillet Z (Table 4) indicates that a 
longer fillet is necessary. Design N having taper con- 
struction gives maximum fatigue strength through the 
journal fillet in both the male and female members when 
considered separately. The slope of the taper used, how- 
ever, may be open to question. 

The one-piece crank journal, design P, indicates an 
endurance limit above 25,000 psi. which is more than 
twice that reported for the incompletely brazed compos- 
ite assemblies. 


Fig. 26—Longitudinal Section Thr 


hrough Copper-Brazed Crank 
Journal, Type L. x 350 
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Motor Mount 


The fatigue results on this mount shows the detrimen- 
tal effect of accidentally striking an arc on one of the 
tubular members. We may consider the endurance 
limit of the unwelded tube as being 41,000 psi. in accord- 
ance with the results of Cornelius and Bollenrath? in 
Table 5. Since the bending stress in the failed member 
was only about 8800 psi. then we may conclude that the 
endurance limit of the tube having been struck with arc 
is less than '/; of that for a plain tube. It would be de- 
sirable to check this value by making fatigue tests on 
simple cantilever specimens with and without the struck 
arc spot. 


Fig. 27 (Left) —Fatigue Failure of Copper-Brazed Crank Journal, 
Design M. Note Spotty Chromic Acid Deposits and Incomplete 
Area of Brazing 
Fig. 28 (Right)—-Fatigue Fracture Along Copper-Brazed Crank 
Journal, Design N 


The conditions of failure of the one welded joint were 


questionable but all the welded joints were subjected to 
over one million reversals at nominal stresses in the prox- 
imity of some joints of above 9000 psi. In comparison 
the tube-triangles failed in about 0.6 million reversals at 
9000 psi. These triangles and motor mount were welded 


Fig. 29—First Fatigue Fracture in Motor Mount Occurred 


Through 1!/,-In. Tube Where Electric Arc Accidently Struck Te 
Tube 


ani 


Fig. 30—Second Fatigue Fracture Occurred in Motor Mount 
Through Edge of Weld Near Gage 6 Location in Fig. 7 
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Fig. 31—Oscillograph Record of Stresses in Engine Mount 
Taken During the Fatigue Test. Gage Numbers Correspond 
to Positions Shown in Fig. 7 


in the same plant but not by the same welders, and the 
latter was welded possibly a year before the recent weld- 
ing of the triangles. Additional tests made on tube-tri- 
angles and complete motor mounts which were welded 
by the same welders may disclose close agreement be- 
tween the fatigue limits for both kinds of structures. It 
would certainly be beneficial to develop this relationship 
so that the easily determined fatigue limit of the tube- 
triangle could be used as an index of the endurance limit 
for a more complex structure. 


Conclusions 


Fatigue tests of the welded X4130 tube-triangles gave 
an endurance limit of less than 9000 psi. or less than one- 
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half of that obtained by other investigators for butt- 
welded joints. 

Endurance limit of tubular joints from X4130 aircraft 
tubing which were heat treated in a regular atmosphere 
after copper brazing was 16,000 psi. If heat treatment 
was done in a special atmosphere it is believed that this 
fatigue limit could be improved because of the elimina- 
tion of a decarburized 
investigated here. 

Endurance limit of built-up crank journals, copper- 
brazed and then treated was much less than one-half of 
that obtained on one-piece journals. 


surface found on the specimens 


None of the c ypper- 
brazed joints were completely brazed over the entire 
mating surface and if the entire area was properly brazed 
it is believed that the endurance limit could be consid- 
erably increased. 

Fatigue tests on one airplane engine motor mount gave 
failure in one of the tubular members 10 in. away from 
a welded joint and at a location where an electric are 
was accidentally struck on the tube. Indications are 
that the fatigue limit of the tube is decreased by more 
than 79% by the presence of the are spot. Also, on the 
basis of one million stress reversals the complete motor 
mount showed higher endurance limit values for the 
welded joints than obtained on tube-triangles. It is 
believed that further tests of both structures under equal 
welding conditions will permit using the easily determined 
fatigue limit of the tube-triangle as an index of the fa- 
tigue limit of the complete mount 
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Utility Characteristics of Aircraft 
Arc-Welding Electrodes’ 


By C. B. Voldrich and R. D. Williams? 


Introduction 


ETAL arc welding of steel aircraft structures, 

particularly of tubular assemblies such as motor 

mounts, fuselage and other frames, has come 
into greater use by airframe manufacturers in the past 
two or three years. This was principally to increase 
production, but certain advantages in fabrication and 
repair, and characteristics of the finished weld joint, were 
also important. These advantages, however, have by 
no means always outweighed the limitations which, in the 
present state of the art, are inherent in the metal-arc 
method. There are many instances where other methods, 
such as oxyacetylene or flash welding, are being used to 
better advantage. 

The limitations and undesirable characteristics of 
metal-are aircraft welding originate in (1) design of the 
structure and the weld joint, (2) weldability of the steel, 
(3) welding technique, and (4) the electrode. It is not 
within the scope of this paper to discuss the influence of 
design, weldability and technique on the quality and per- 
formance of welded aircraft joints. There are numerous 
problems of this nature to be solved, and many investiga- 
tions along these lines are in progress. 

The importance of the welding electrode is evident, but 
it may not be generally recognized that probably the 
most immediate opportunity for improvements in air- 
craft arc welding is in electrodes, though one should not 
minimize the importance of design, technique or steel 
quality. Actually all four factors are closely interrelated 
and, indeed, welding technique is closely bound up with 
the behavior of the electrode. 

While the choice of the most suitable electrode is a 
problem in the welding of any structure, the present in- 
vestigation shows that it becomes magnified and more 
acute where joints in thin aircraft sheet and tubing are 
concerned. More specifically, the ordinary rules for 
light-gage or sheet metal welding cannot be applied since 
the exacting service in which aircraft joints are used de- 
mands far more in over-all quality and uniformity of the 
weld. 

These thoughts have been the principal guide in laying 
out the program and conducting the work of this investi- 
gation. 


Scope of the Investigation 


This report is based on the results of an investigation 
of the utility characteristics of commercial aircraft elec- 
trodes which was conducted at Battelle Memorial Insti- 
tute for the Army Air Forces Materiel Center, Wright 
Field. 
aa Brgented at the Annual Meeting, A. W. S., Cleveland, Ohio, Oct. 12 to 


t Welding Engineer and Research Engineer, respectively, Battelle Memorial 
Institute, Columbus, Ohio. 


The principal object of the investigation was to study 
and evaluate the handling characteristics of various com- 
mercial electrodes which were being used, or had possi- 
bilities for use, in aircraft welding. Plain carbon steel 
electrodes were chiefly studied, although three alloy steel 
electrodes were also tested. The work was limited to 
tests in which direct-current welding machines were used. 

In view of the limited acceptance of bare or lightly 
coated electrodes in the aircraft industry, no tests of bare 
electrodes were made. 

Because there is considerable information on the weld- 
ing characteristics of the larger-diameter electrodes used 
for the relatively heavy portions of some aircraft struc- 
tures, only electrodes in diameters suitable for welding 
material '/, in. or less in thickness were studied. There- 
fore, most of the tests were made with 5/¢4, */32 and '/;-in. 
electrodes. 

The steel used in all welding tests was S.A.E. 4130 air- 
craft quality plate, sheet and seamless tubing. The for 
mer designation of this steel was X4130. 

In discussing the various electrode$, their classification 
according to the A.W.S.-A.S.T.M. Tentative Specifica- 
tions for Iron and Steel Arc-Welding Electrodes (A233- 
42T) will be employed wherever possible, although at 
the start of the investigation, the 1940 specification 
(A233-40T) applied. 


Summary 


Twenty different electrodes were tested during this 
investigation, although all were not subjected to the 
entire schedule of tests. 

Since the all-around utility of an electrode can be 
ascertained only by testing under a variety of conditions, 
several types of weld tests were made, including single- 
fillet tee joints, butt welds in plate and seamless tubing, 
weld-bead deposits, spatter tests, and tube cluster joints. 
The last named was found to be the most satisfactory 
single test, since so many welding conditions are repre 
sented, but better information on the behavior in welding 
in different positions was obtained in the other tests 
where welding was restricted to the specific condition. 
As checks on quality, the tensile strength of butt welds in 
plate and tubing and the hardness of the welds and heat- 
affected parent metal were determined, and many of the 
welded joints were inspected by means of X-rays and 
Magnaflux. During the welding of all specimens, de- 
tailed observations were made of the behavior of the elec- 
trodes, which were then rated on the basis of factors such 
as ease of starting and smoothness of the arc, penetration, 
undercutting tendency, mobility of the slag and weld 
metal,.and contour and surface smoothness of the weld 
deposit. 

Inspection and mechanical tests of welded joints, while 
not directly indicative of electrode handling characteris- 
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tics, served as a necessary check on the usefulness of the 
electrodes. For example, one brand of electrode was 
particularly easy to weld with and produced remarkably 
smooth and well-proportioned welds, but X-ray and 
Magnaflux inspection showed that the welds were very 
porous and had marked cracking tendencies. Hence the 
high utility rating which this electrode received was nulli- 
fied by the poor quality of the weld metal. 

On the basis of tests performed, electrodes of the E6012, 
£6013 and E7012 classes gave the highest efficiency rat- 
ings and would be judged to be satisfactory for present 
practice. The class E6010 electrodes were noticeably 
less satisfactory, as they produced excessive penetration, 
tended to undercut, and were harder to handle, especially 
in the “vertical down”’ position. The class E7020 and 
E7030 electrodes were quite unsatisfactory from the 
point of view of general utility. This is not surprising 
or important because they are designed for a different 
use. The alloy aircraft electrodes were in general less 
satisfactory than the plain carbon steel electrodes; two, 
which were still in the stages of development, were defi- 
nitely unsatisfactory, while the third was harder to use 
and had a deeper penetration than was desirable. Re- 
sults of tests of the three alloy steel electrodes indicated 
that they offer no advantage except when the welded 
assembly is to be heat treated and high strength in the 
welds is required. 

In spite of the generally favorable results with certain 
classes, none of the electrodes had all the characteristics 
desirable in a completely acceptable aircraft arc-welding 
electrode. This will be brought out later. 

In some instances where either could be used, smaller- 
diameter electrodes rated higher than larger ones for air- 
craft welding, because the increase in ease of handling of 
the smaller ones more than compensated for the decrease 
in efficiency. 

No single and conclusive test has yet been developed 
for determining all the important handling characteristics 
of aircraft arc-welding electrodes, but it is believed that 
the double tube triangle specimen proposed by a sub- 


4" or Vie” 
JAE 4/30 
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2 J Weld Specimen 


Flat Position Overhead Position 


Vickers Hardness 
(0-kg. 50-se.) 
Spaced, 


Hardness Survey, Section AA 


Fig. 1—Single-Fillet Tee-Joint Test 


Table 1—Classification of Electrodes 


Brand Electrode 
Identifica- Polarity 
tion Used 


Available Diameters, In. 
1/16 5 3/9 


E6010 (d. c.; electrode positive only) A-10 Positive 
B-10 Positive 
C-10 Positive 
E6012 (d. c. or a. c.) - Negative 
Negative 
Negative 
Negative 
E6013 (a. c. usually) Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
E7012 (d. c. or a. c.) 71: Negative 
Negative 
E7020 (d. c. or a. c.) 
E7030 (d. ¢. or a. c.) 


Alloy aircraft 


Negative 
Negative 
Positive 

Negative 
Negative 


* Indicates electrode diameters available. 
+ Unclassified. 

t Also E6012. 

§ This class in diameters used. 
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committee of the Aircraft Welding Research Committee 
(Section H of the Industrial Research Division) for weld- 
ability tests of aircraft steels embodies most of the fea- 
tures of a suitable test specimen, and at the same time is 
closely representative of actual tubular aircraft joints. 


Experimental Work 


Electrodes 


Since it was not feasible to investigate every brand 
and type of electrode which might be considered suitable 
for aircraft welding, the selection of electrodes for test 
was based partly on the requirements set forth by the 
Army Air Forces Matériel Center and partly on the 
recommendations of the major manufacturers of elec- 
trodes. It is believed that, as concerns classes of elec- 
trodes, the brands chosen are representative of the entire 
field. 

All brands of electrodes were supplied in at least two 
sizes and some in three or more. The greatest number 
of brands was available in the */-in. and !/s-in. diam- 
eters, while only a few '/j-in. and °/3-in. diameter 
electrodes were available. For the thickness of material 
welded, however, the 5/g-in. */3.-in. and '/s-in. electrodes 
were most desirable. 

The classification and symbols of the brands, and diam- 
eters available for test in each, are shown in Table 1. 


Machines 


Two direct-current variable-voltage welding machines, 
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Fig. 2—Fillet-Weided Tee Joints in '/,-In. S.A.E. 4130 Sheet 


Electrode T-AA; flat 
position 


b 


© Electrode B-12; “vertical 
up” position 


c 


Electrode M-13; “vertica 
down” position 


d 
Electrode S-AA; “vertical 
4 down” position 


widely used in the aircraft industry, were employed in 
making the test specimens. 


Test Specimens 


The following types of test specimens were made: 


1. Single-fillet tee joints in '/s-in. and 1/,-in. sheet 
in the flat, vertical and overhead positions. 


2. Butt welds in '/,-in. plate, flat position. 

3. Butt welds in 1 x 0.095-in. and 1 x 0.058-in. tubing 
in the flat (horizontally rolled) position. 

4. Bead-deposit tests for hardness and penetration. 

5. Spatter tests, welded in the “vertical down’’ posi- 
tion. 

6. Cluster joints, using 1 x 0.095-in. and 1 x 0.058-in. 
tubing. 


Testing Program 


Single-Fillet Tee Joints in '/s-In. Sheet.—Seven series 
of tee joints were made with thirteen brands of !/s-in. 
electrodes in '/s-in. sheet, as shown in Fig. 1. The fol- 
lowing welding positions and current conditions were 
used in the different series: (1) flat position, current 
normal ;* (2) flat position, current high; (3) flat position, 
current low; (4) flat position, current very low; (5) 
“vertical up” position, current normal; (6) ‘vertical 
down”’ position, current normal; and (7) overhead posi- 
tion, current normal. 

The various conditions were chosen partly because of 
the rather wide current range usually recommended and 
used; and partly because it was necessary to obtain in- 
formation on the handling characteristics of the elec- 


trodes in a variety of positions. 
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Table 2—Ratings of Fillet Welds 


Ease of 
Smoothness of Contour of Manipu- 
Weld Face Fillet Porosity lation 
Smooth 5 Flat or slightly None 5 Good 10 
convex 5 
Intermediate 3 Concave 4 Moderate 2 Fair 6 
Rough 1 Convex 3 Considerable 0 Hard 2 


~ Overlap or undercut (—1). Slag entrapped (—2). 


Observations were made during and after welding on 
the ease of handling, smoothness of fillet surface, contour 
of the fillet (including undercutting), porosity of the 
deposit and fluidity of the slag. 

Representative photographs of fillet-welded tee joints 
in '/s-in. sheet are shown in Fig. 2. Figure 2 (a) shows 
a weld made with electrode T-AA in the flat position, 
using normal current. Judging from the surface appear- 
ance of the weld and the handling characteristics, this 
electrode should have been the most satisfactory of all 
electrodes tested, but subsequent inspection disclosed 
porosity in the deposited weld metal and marked crack- 
ing tendencies in certain types of weld joints. 

Most of the other electrodes produced satisfactory fillet 
welds in the flat position, but none with the smoothness 
shown in Fig. 2 (a). 

Figure 2 (6) shows a fillet weld made with electrode B- 
12 in the “vertical up” position, using normal current. 
The coarsely rippled surface and convexity are character- 
istic of welds made in this position with most electrodes. 

Figure 2 (c) shows a fillet weld made with electrode 
M-13 in the “‘vertical down’’ position using normal cur- 
rent. This electrode is one of those with a high rating 
and produces a smooth and relatively flat fillet. This is 
true for most of the E6012 and E6013 electrodes. The 
reverse polarity E6010 electrodes produce very unsatis- 
factory fillets in this position, characterized by excessive 
pitting and slag entrapment. 

Figure 2 (d) shows a fillet made under the same condi- 
tions as the above, except that an electrode producing ex- 
tremely fluid slag was used. 

Ratings of the several factors observed are given in 
Table 2. It will be noted that ease of manipulation has 
been given double the weight of the others to emphasize 
its greater importance in the investigation. Ratings of 
the individual electrodes under all the test conditions were 
tabulated, then combined in Table 3. This shows that 


* Normal current refers to that current which, based on a number of trial 
settings, produced the most satisfactory welds. 


the average rating for the class E6013 electrodes (82%) 
was slightly higher than for those in class E6012 (77%) 
and considerably higher than for the E6010 class (70%). 
The difference between the first two classes is mainly at- 
tributable to a small decrease in smoothness of the fillets 
in class E6012 combined with a less satisfactory contour 
and a greater tendency to undercut. The lower ratings 
of the E6010 electrodes were caused for the most part 
by greater difficulty in handling when welding vertically 
downward, but a slightly greater tendency to undercut 
was a contributing factor. 

The alloy aircraft electrodes showed considerable varia- 
tion, two receiving ratings comparable to class E6013 
plain carbon steel electrodes, while the third received a 
much lower rating than any of the others. The principal 
reason for this low rating was a coating that produced an 
excessively fluid slag which interfered with ease of 
manipulation in all positions, especially when welding 
vertically downward. 

While the composite ratings indicate that, for use under 
all the conditions considered, class E6013 electrodes are 
better than the others, it must be borne in mind that for 
certain specific uses electrodes in other classes may give 
equal or superior performances. 

After the tee joints had been rated, they were sectioned 
as shown in Fig. 1. The sections were then polished, 
etched and photographed at a magnification of about 
three times. Figures 3 (a), (b), (c) and (d) are representa- 
tive sections showing different contours encountered dur- 
ing the investigation of these tee joints. 

Examination of the macrosections showed appreciable 
differences in penetration among the classes of plain car- 
bon steel electrodes. Most outstanding was the some- 
what greater penetration producedwby the E6010 class. 
The other two classes gave about the same penetration, 
although those of E6012 seemed to give slightly more, 
especially in the flat position with very low current and 
in the ‘vertical down’”’ position with normal current. 

There was no great difference in penetration produced 
by the various alloy aircraft electrodes. In general, they 
gave penetrations comparable to those given by the 
E6012 and E6013 classes of plain carbon steel electrodes, 
brand T-AA producing a slightly deeper penetration than 
the other two. 

Within electrode classes the penetration was essentially 
the same. However, some variation in penetration was 
produced by different welding conditions. Welds made 
in the flat position with normal, high and low currents 
produced essentially the same penetration, because the 
high current made a higher welding speed necessary, while 
the converse was true with the low current. For the 


Table 3—Composite Ratings of Electrodes Based on All Fillet-Weld Tee Joint Tests in !/s-In. Sheet 


Smoothness Contour of Ease of Over-All Ratingt 
Electrode of Fillet* Fillet * Porosity* Manipulation * Sum 
Class Brand (Basis of 35) (Basis of 35) (Basis of 35) (Basis of 70) (Basis of 175) Basis of 100 
E6010 A-10 14 26 29 58 27 73 
B-10 8 22 25 48 103 69 
C-10 10 19 23 48 100 67 
E6012 G-12 19 26 35 58 138 79 
H-12 15 23 34 62 134 77 
J-12 13 17 28 56 114 76 
E6013 M-13 23 28 33 62 146 B4 
N-13 21 28 34 60 143 82 
0-13 21 23 33 58 135 77 
P-13 23 29 35 58 145 83 
Alloy aircraft S-AA 16 21 27 34 98 56 
T-AA 28 23 34 62 147 84 
U-AA- 20 22 35 62 139 80 


* Sum of individual ratings, all positions and currents. 


t The first figure is the sum of the individual ratings, The second is corrected to a basis of 100 for a “completely satisfactory” rating 
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Fig. 3—Representative Sections of Fillet Welds in Tee Joints 
Showing the Following Contours: (qa) flat; (b) convex with 


undercut; (c) extremely convex; (d) concave (also insuffi- 
cient root penetration) 


latter reason, welds in the “vertical up’ position also 
gave about the same degree of penetration. However, 
welds with very low current gave less penetration than 
normal, high and low currents, because even the slower 
speed required was insufficient to offset the lower pene- 
trating power of the arc. Welds in the “vertical down” 
position had the least penetration of all, owing to the high 
speed of welding involved. 

Contours of the welds were also observed on the macro- 
sections, and it was found that they checked closely with 
observations made on the joints before they were sec- 
tioned. 
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Single-Fillet Tee Joints in 1/y-In. Sheet.—Only five 
series of tee joints were made in '/,.-in. sheet, because it 
had been found with '/s-in. sheet that no very significant 
information was derived from the two series made in the 
flat position with very low current and in the overhead 
position. The five series were made with the following 
variations in position and current: (1) flat position, cur. 
rent normal; (2) flat position, current high; (3) flat posi- 
tion, current low; (4) “vertical up’’ position, current 
— and (5) ‘‘vertical down” position, current nor- 
mal. 

Observations similar to those made on the tee joints 
in '/s-in. sheet were made and rated in the same manner 
(Table 2). 

These ratings were applied to welds made with each 
electrode and the results tabulated according to the five 
different sets of conditions under which joints were made. 
From the five tables thus prepared, a composite table was 
made giving a single over-all rating for the performance 
of each electrode under all the conditions tested (Table 
4). This table indicated essentially the same relation- 
ship between the plain carbon steel electrodes of the 
E6013 and E6012 classes as was found in the tee joints 
in '/s-in. sheet, using '/s-in. diameter electrodes. The 
class E6013 electrodes again had the highest ratings 
(85%) and the E6012 class slightly lower (82%). Only 
one electrode of the E6010 class was used, and it had a 
much lower rating (46%) relative to the averages of the 
preceding two classes than was found in the '/s-in. sheet 
series. This is probably because the greater penetration 
of this class of electrodes increases the difficulty of weld- 
ing in the lighter sheet to a greater extent. 

Tests of the other two classes of plain carbon steel elec- 
trodes showed the two class E7012 electrodes to have an 
average rating of 84%, indicating performances compar- 
able to those of electrodes in the E6012 and E6013 classes; 
while the single class E7030 electrode had a very poor 
rating, which could be expected, because this class is not 
intended for all-position welding. 

The alloy aircraft electrodes also gave results very simi- 
lar to those found in the tee joints in '/s-in. sheet, brands 
T-AA and U-AA being rated at 82% and 81%, respec- 
tively, and brand S-AA at 71%. 

As previously noted, tee joints in '/,».-in. sheet were 
not made in the flat position with very low current, nor 
in the overhead position with normal current. Both these 
conditions lowered the over-all rating of the tee joints in 
1/,-in. sheet, and it is quite probable that they would 
lower the over-all rating of the joints in '/,.-in. sheet as 
much, if not more. Actually, where comparison was pos- 
sible, the individual ratings for the tee joints were gen- 
erally higher for the series made with '/s-in. sheet. This 
difference is attributed partly to an increase in difficulty 
of handling the smaller-diameter electrodes and, in some 
cases at least, partly to changes in their deposition ~harac- 
teristics. 

Because of the general similarity of data obtained from 
fillet welds in '/,-in. sheet and in '/js-in. sheet, no macro- 
sections were taken from the latter, in the belief that the 
general penetration characteristics of the different diame- 
ters of electrodes used would be relatively the same, 
and that no further significant data would be obtained. 

Butt Welds in '/,-In. Plate-—One butt-welded plate 
was made with each of twelve '/s-in. diameter electrodes 
and machined for testing according to Fig. 4. The plates 
were grit blasted, then radiographs were made before the 
reinforcing beads and backing strip were removed. These 
radiographs showed that only one electrode (T-AA) gave 
a deposit with any marked porosity, but that several elec- 
trodes did not produce complete root penetration, par- 
ticularly those in the E6013 class. 
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Table 4—Composite Ratings of Electrodes Based on Fillet-Weld Tee Joints in !/16-In. Sheet 


Smoothness Contour Ease of Over-All RatingT 
Electrode of Fillet* of Fillet* Porosity * Manipulation* Sum 

Brand (Basis of 25) (Basis of 25) (Basis of 25) (Basis of 50) (Basis of 125) Basis of 100 
A-10 6 14 25 18 58 46 
3-12 13 18 25 48 104 &3 
H-12 13 17 25 48 103 82 
I-12 20 21 25 30 96 77 
J-12 15 18 25 50 108 86 
M-13 19 22 25 50 116 93 
N-13 14 18 25 48 105 84 
O-13 14 20 25 50 109 87 
P-13 16 22 24 40 102 2 
Q-13 8 7 25 42 92 74 
R-13 19 21 25 50 115 92 
D-712 15 21 24 47 107 86 
K-712 10 17 25 50 102 82 
F-730 10 11 7 10 38t 30 
S-AA 18 20 25 26 89 7 
T-AA 14 18 25 46 103 82 
U-AA 10 20 25 46 101 81 


* Sum of individual ratings, all positions and currents. 
+ The first rating is the total of the sums of the individual ratings. 


factory”’ rating. 


The second is corrected to a basis of 100 for a ‘‘completely satis- 


t This electrode was totally unsatisfactory in the flat position with low current and in the “‘vertical down”’ position. 


Of the four reduced-section tensile specimens obtained 
from each plate, two were tested in the as-welded condi- 
tion and two after having been quenched in oil from 1600- 
1625° F. and tempered at 1000° F. for about 45 min. 
Table 5 gives the results of the tests. 

The results show rather clearly that there is no particu- 
lar advantage in using alloy aircraft electrodes, unless a 
weldment is to be subsequently heat treated; for while 
there is some variation in the results obtained from welds 
made with different electrodes, both as welded and in the 
heat-treated condition, they all show tensile strengths of 
the same order, except for the heat-treated specimens 
welded with alloy aircraft electrodes, which show a 
marked increase in tensile strength. 

Butt Welds in Tubing.—Two-layer welds were made in 
1 x 0.095-in. tubing with */-in. and 5/s-in. diameter 
electrodes; and single-layer welds were made in 1 x 0.058- 
in. tubing, also with */,-in. and 5/g-in. diameter elec- 
trodes. Joints were of the square closed butt type made 
in the flat position, horizontally rolled. Before testing, 
the joints were grit blasted and photographed. As all 
welds were made in the flat position, there was little dif- 
ference in their appearance, regardless of the electrode 
class used. 

The specimens were then tested and their ultimate ten- 
sile strengths recorded along with a description of the 
fractures. In general, results of tests on welds made with 
any one brand of electrode varied over a rather limited 
range (2000 Ib.), regardless of the type of fracture, so 
that the results of individual tests were averaged. Table 
6 gives these composite results and also the average ten- 
sile strengths of the two sizes of tubing as determined by 
tests on unwelded tubes. 

Bead Deposit Tests—Weld beads were deposited on 
‘/-in. S.A.E, 4130 plate using eleven brands of !/s-in. 
diameter electrodes as illustrated in Fig. 5. The coupons 
were sectioned as shown, and the sections polished and 
etched. The weld bead sections were magnified ten times 
on the ground glass of a metalloscope and tracings made 
irom the images. 

Penetrations of the different electrodes were measured 
on these tracings and are recorded in Table 7. There was 
considerable variation in the depth of penetration of the 
various electrodes, but upon averaging the data according 
to electrode classification, it was found that class E6010 
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(one electrode), had a penetration of 28% in '/,-in. plate 
class E6012 had an average penetration of 24°, and class 
E6013 had an average penetration of 21%. The alloy 
aircraft electrodes had an average penetration of 20%. 
This agrees with the penetrations of the different classes 
of plain carbon steel electrodes indicated by the macro- 
sections of single-fillet tee joints in '/s-in. sheet. 

In order to obtain further data on the penetrations of 
these electrodes, the total areas of the weld metal and the 
fused areas below the plate surfaces were measured on 
the tracings by means of a planimeter. These areas are 
also recorded in Table 7. 

The data on areas further emphasized the differences 
between penetrations of class E6010 electrodes and those 
of classes E6012 and E6013, for the former had approxi- 


Ground tush, both sides 


Weld Specimen 


Vickers Hardness Impressions 
Jo-sec) 


Hardness Survey, Section AA 


Fig. 4—Butt-Welded '/,-In. Plate Specimen 
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Plate: S.A.E. 4130, normalized; '/, in. 


Table 5—Tensile Tests of Butt Welds 


Weld joint: 60° single vee with backing strip 1 x '/s in., */:s-in. root opening. 


Electrode diameter: in. 
Number of passes: 5 


Electrode Electrode Current Ultimate Tensile Strength, Psi* Percent Change in Tensile 
Class Brand Polarity Amps. Volts As Welded Quenched and Drawnt Strength After Heat Treatment 
£6010 A-10 Positive 110-115 22-26 92,500 95,000 +3 iy 
B-10 Positive 110-115 22-26 91,250 97,250 + 6 
E6012 G-12 Negative 125-130 20-22 100,500 107,250 + 6 
H-12 Negative 125-130 20-22 98,250 104,250 + 6 
J-12 Negative 125-130 20-22 99,000 104,000 + 5 
E6013 M-13 Negative 125-130 20-22 100,000 89,500t —12 
N-13 Negative 125-130 20-22 96,750 94,000 — 3 
0-13 Negative 125-130 20-22 100,500 95,250 — 6 
P-13 Negative 125-130 20-22 92,750 91,250 —2 
Alloy S-AA Positive 120-125 19-21 102,750 134,750 +24 
Aircraft T-AA Negative 125-130 24-26 101,500 122,000T +17 
U-AA Negative 125-130 20-22 102,500 135,750 25 


* Average of 2 specimens, unless otherwise indicated. 
+ One specimen. 
t Oil quenched from 1625° F, tempered at 1000° F. 


mately half the total weld metal area below the plate sur- 
face, whereas both the others had only 35 to 40% below 
(E6012, average 38%; E6013, average 35%). 

The alloy electrodes showed a much wider difference 
between areas of penetration than was indicated by the 
standard depths-of-penetration data, brand U-AA having 
an area of penetration of over 50%, while the other two 
had areas of about 30%. 

Hardness Surveys—Hardness surveys were made on 
the macrosections of single-fillet tee joints in '/s-in. sheet, 
butt welds in '/,-in. plate, and macrosections of the bead- 
deposit coupons as indicated by Figs. 1, 4 and 5, respec- 
tively. Vickers Hardness Numbers were obtained using 
a 10-kg. load applied for 30 sec. 

In view of the fairly comprehensive hardness surveys 
of butt welds and weld-bead deposits planned, the sur- 
veys on fillet-weld sections were not made in great detail. 
Results showed no outstanding differences between 
brands or types of electrodes. The average hardness of 
the weld metal and the maximum hardness in the heat- 


Table 6—Composite Tension Data from Butt Welds in 


Tubing 


Tubing: S.A.E. 4130, normalized. 

Weld joint: Square closed butt. 

Welding position: flat (horizontally rolled). 

Current: normal. 

Number of specimens: at least two for each electrode. 
Electrode diameters: and in. 


2-Layer Welds in 1-Layer Welds in 
1 x 0.095-In. 1 x 0.058-In. 


affected sheet were studied, and it was found that (1 
there was no significant difference in hardness of the weld 
metal deposited by the various plain carbon steel elec- 
trodes regardless of the welding conditions, and (2) the 
variation in maximum hardness in the heat-affected zone 
appeared to have no correlation with the electrode used. 
There was a trend toward higher hardness in the heat- 
affected zone when the weld was made with low current. 
Similar results were obtained with the alloy aircraft elec- 
trodes, the only difference being that the average hard- 
ness of weld metal was considerably higher than for plain 
carbon steel deposits. Apparently, therefore, irregular 
heat effects introduced by manual welding influenced the 
hardness in the tee joints in '/s-in. sheet to such an extent 
that any differences in hardness produced by the various 
electrodes were not evident. 

It would be expected that the surveys on the bead- 
deposit sections would more readily indicate any slight 
difference in hardness effects produced by the different 
electrodes tested. Table 8 lists the data obtained from 


, Meld Bead 


SAE 4/30 plate 
Weld Specimen 


Tubing Tubing 
Average Tensile Average Tensile 
Electrode Strength in Strength in a 
Class Brand Pounds Pounds 
- 

£6010 A-10 31,200 16,800 
6012 G-12 31.300 18,700 Deoth of Penetration Area of Penetration 

H-12 28,100 18,500 YYyy 

I-12 30,500 19,300 a YU. 

£6013 M-13 30,400 18,700 $eacing \\ 

N-13 30,300 18,800 

0-13 30,600 18,900 

P-13 30,500 19,100 Vickers Hardness lmpressions 
Alloy aircraft S-AA 30,300 18,300 s 7 

T-AA 26,600 17,500 FO sec.) 

U-AA 31,600 19,400 s Surv 
Tubing, as received (3 lengths) 31,000 20,400 Hardness Su £Y: Section AA 

Fig. 5—Weld-Bead Hardness Test 
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Table 7—Penetration of Weld Bead Deposits 


Plate: S.A.E. 4130, normalized; '/, in. 
Electrode diameter: in. 
Depth of Area of 
Maximum Penetra- Weld Bead Area of Area of 
Depth of tionas % Section Penetra- Reinforce- 
Electrode Electrode Current Penetra- of Plate (A), tion (P), (P) as ment (R), (R) as 
Class Brand Polarity Amp. Volts tion, In.* Thickness Sq. In.t Sq.In.t %of(A) Sq.In.t % of (A) 
£6010 C-10 Positive 100-105 20-22 0.07 28 0.382 0.184 48 0.198 52 
E6012 G-12 Negative 100-105 17-19 0.06 24 0.329 0.136 41 0.193 59 
H-12 Negative 100-105 19-21 0.06 24 0.323 0.124 38 0.199 62 
J-12 Negative 100-105 19-21 0.06 24 0.328 0.112 34 0.216 66 
£6013 M-13 Negative 100-105 20-22 0.04 16 0.299 0.099 33 0.200 67 
N-13. Negative 100-105 20-22 0.06 24 0.325 0.117 36 0.208 64 
0-13. Negative 100-105 20-22 0.07 28 0.387 0.156 40 0.231 60 
P-13. Negative 100-105 20-22 0.04 16 0.290 0.096 33 0.194 67 
Alloy aircraft S-AA Positive 105-110 16-18 0.04 16 0.299 0.080 27 0.219 73 
T-AA Negative 100-105 20-22 0.05 20 0.349 0.107 31 0.242 69 
U-AA Negative 100-105 19-21 0.06 24 0.254 0.136 54 0.118 46 


* Actually measured to 0.05 in. at 10 K magnification. 
+ Actually measured to 0.01 sq. in. at 10 X magnification. 
t (R) from (A) — (P). 


these surveys, and again there seem to be no significant 
differences which might be correlated with the properties 
of the different electrodes. There is little variation in 
maximum hardness under any of the beads, the lowest 
being 442 and the highest 448. The only marked differ- 
ence in hardness is between welds made with plain carbon 
steel electrodes and those made with alloy electrodes. 

Results of hardness surveys on the butt-welded macro- 
sections are given in Table 9. While decided variations 
in hardness within the classes of electrodes themselves 
were found, it appears that electrodes in class E6010 pro- 
duce generally lower hardness maxima in the heat- 
affected zone (average 425 V.H.N.) than those in the 
other classes. Furthermore, the E6013 class gave some- 
what higher maxima (average 480 V.H.N.) than class 
E6012 (average 455 V.H.N.). These differences are 
probably attributable to differences in heat input as 
already indicated in the discussion of fillet-welded tee 
joints in '/s-in. sheet. 

Hardness in the parent metal adjacent to the initial 
passes of the butt welds showed the same effects; an aver- 
age of 270 V.H.N. with class E6010 electrodes, an average 
of 340 V.H.N. with class E6012 electrodes, and an average 
of 345 V.H.N. with class E6013 electrodes. 

The alloy aircraft electrodes yielded data similar to 
those of the E6012 and E6013 classes. 

Comparison of the butt-weld hardness data with the 
results of the hardness surveys of the fillet welds and 


bead-deposit specimens seems to indicate that variations 
in hardness effects produced by different classes of elec- 
trodes are so slight that they cannot be ascertained from 
single layer deposits, but that multipass deposits might 
bring them out. 

Spatter Tests—Excessive spatter loss is undesirable 
mainly because it entails loss of useful weld metal and 
greater cleaning costs, but it is also to be considered in a 
study of handling characteristics of electrodes. Where 
extreme, it complicates observation of the weld and 
manipulation of the electrode and fay be indicative of 
deficiencies in coating characteristics. This is not to say 
that virtual absence of spatter is a criterion for an easy- 
to-handle electrode; indeed there are some electrodes 
which have good handling characteristics along with 
moderate to heavy spatter. These are rather the excep- 
tion to the rule, however, and in this section of the investi- 
gation, the electrodes have been rated directly in pro- 
portion to observed spatter loss. 

Since economy characteristics of electrodes were not 
included as an object of this investigation, the spatter 
loss was not studied by the deposition-efficiency test 
(which, for statistical accuracy, requires a relatively large 
number of tests on several lots of an electrode) but by 
direct observation during welding by the operator and 
recorder. The spatter produced by all electrodes used 
(with the exception of electrodes E-720 and F-730 which 
had proved completely unsatisfactory for use with light- 


Table 8—Weld Bead Hardness Tests 


S.A.E. 4130, normalized; 1'/, in. 


Plate: 


Electrode diameter: '/s in. 


Average hardness of unaffected plate: 


210 to 220 Vickers 
Vickers Hardness Number 


Electrode Electrode Current (10 Kg., 30 Sec.) 
Class Brand Polarity Amp. Volts Max. Under Weld Av. Weld Metal 

E6010 C-10 Positive 100-105 20-22 473 219 
E6012 G-12 Negative 100-105 17-19 460 240 
H-12 Negative 100-105 19-21 478 235 

J-12 Negative 100-105 19-21 460 232 

E6013 M-13 Negative 100-105 20-22 450 221 
N-13 Negative 100-105 20-22 460 216 

0-13 Negative 100-105 20-22 488 225 

P-13 Negative 100-105 20-22 155 211 

Alloy aircraft S-AA Positive 105-110 16-18 455 265 
T-AA Negative 100-105 20-22 460 248 

J-A Negative 100-105 19-21 442 273 
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Table 9—Hardness Surveys of Butt Welds 


Plate: S.A.E. 4130, normalized; '/, in. 


Weld joint: 60° single vee with backing strip 1 x !/s in., */1.-in. root opening. 


Electrode diameter: '/s in. 
Number of passes: 5. 


Max. in Heat- 


Vickers Hardness (10-Kg. Load, 30 Sec.) 
Max. in Heat- 


Affected Parent Affected Parent 


Electrode Electrode Current Metal Near Metal Near Av. in Weld Av. in Unaffected 
Class Brand Polarity Amp. Volts Upper Surface Lower Surface Metal Parent Metal 

E6010 A-10 Positive 110-115 22-26 442 276 197 210 
B-10 Positive 110-115 22-26 405 260 185 220 
E6012 G-12 Negative 125-130 20-22 425 312 223 211 
H-12 Negative 125-130 20-22 450 369 217 214 
J-12 Negative 125-130 20-22 488 342 213 214 
E6013 M-13 Negative 125-130 20-22 464 305 197 211 
N-13 Negative 125-130 20-22 503 369 200 217 
0-13 Negative 125-130 20-22 446 327 206 211 
P-13 Negative 125-130 20-22 508 383 193 204 
Alloy aircraft S-AA Positive 120-125 19-21 450 339 249 212 
T-AA Negative 125-130 24-26 No test 
U-AA Negative 125-130 20-22 429 336 261 215 


gage material in various positions) was observed and 
rated on a basis of 10 as ‘‘completely satisfactory.”’ Weld 
beads were deposited in the “vertical down’’ position, 
since other tests had indicated that this position showed 
clearly the variations in spatter characteristics. One 
reason for this is that normal welding in this position calls 
for high current settings which result in greater spatter. 
In addition, the spatter can be more easily observed. It 
should be made clear that the ratings were only relative 
and qualitative, and also that the electrodes of each 
diameter were rated by comparison with others of the 
same diameter, although naturally the larger diameters 
produced more spatter than the smaller. Therefore, dif- 
ferences of one or two numbers were not considered im- 
portant. 

Individual spatter ratings for electrodes of the same 
diameter were tabulated, and an average rating for each 
electrode in all diameters tested was obtained. These 
ratings showed that there is not much difference in 
visually observed spatter characteristics of most of the 
electrodes. In general, the individual and average ratings 
fell between 6 and 8. The electrodes with lower ratings, 
namely, brands B-10, C-10, I-12 and U-AA, had all been 
reported in other tests as producing more than ordinary 
spatter. 

Tubular Cluster Joints.—Many of the tests used in this 
investigation were of a more or less universal type that 
can be applied equally well to testing electrodes for other 
than aircraft uses. In order to test the electrodes on a 
joint similar to one found in an actual aircraft structure, 
all */s.-in. and diameter electrodes involved in this 
investigation were used to weld a lattice-type tubing 
cluster joint, Fig. 6. By fixing the position of the cluster, 
and with a properly chosen welding sequence, a diversity 
of welding conditions was encountered in a single joint 
In these tests the assemblies were held in two positions, 
(1) the axes of the three tubes in a vertical plane, and (2) 
the axes of the three tubes in a plane inclined 30° from 
the vertical. These positions, and the sequence used in 
welding, are illustrated in Fig. 6. 

With the above positions and sequence, the following 
welding conditions were obtained in a single specimen: 


1. Horizontal fillet welds, merging into saddle or bead 
welds, with angles between members ranging 
from 60 to 180°. 

Vertical fillet welds, merging into bead welds, with 

angles between members ranging from 60 to 


to 
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180°, these welds made both upward and down- 
ward. 

3. Welds between sections of two thicknesses (0.058 
in. and 0.095 in.). 


In particular, the ease with which an electrode would 
strike an arc and weld in the acute angle between two 
tubes was observed. 

After considerable preliminary welding to obtain stabil- 
ized conditions, and to acquaint the operator with the dif- 
ferences between various electrodes, three series of cluster 
joints were made. 


J 60" 7% a095" 


Assembly of SAEWIO Clister Soin 


vertical, hixed Lnchined, tixed 
Welding Positions 


7 
74 2 7 
a 4) d 


Al! welding from near side 
Welding Sequence 


Fig. 6—Tube Cluster Test 
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The first series was made with the tubes initially at 
room temperature and their axes in a vertical plane (see 
Fig. 6). In this series, all available */s-in. and 5/¢-in. 
electrodes were used, and '/s-in. electrodes also when this 
diameter was the smallest available in the particular 
brand. The '/s-in. electrodes were too large to produce 
satisfactory welds in the tube cluster so that tests made 
with them were not considered in the ratings, and they 
were omitted in the second and third series of cluster 
tests. Electrode A-10 of the E6010 class, */3:-in., and 
electrode F-730 of the E7030 class, */3:-in., proved too 
difficult to handle in welding the cluster, and both were 
subsequently discontinued. From observations made 
during and after welding, each electrode was given an 
over-all performance rating based on 10 as ‘‘completely 
satisfactory.”’ These ratings are shown in Table 10. 

Conditions for the second series were similar to the 
first except that the members were preheated to 400-500° 
F. The chief reason for preheating to this temperature 
was to determine whether any of the electrodes showed a 
tendency to produce undercutting at the elevated tem- 
perature. No increase in undercutting tendency was 
shown, and as the preheat made starting of the weld 
easier, the over-all ratings for this series were generally 
improved, and in no case were the ratings lowered. The 
ratings for the second series of clusters are given in Table 
10. 

Results from the first and second series indicated that 
considerable information could be derived from the 
cluster test. It also became apparent that the cluster 


test gave ‘‘ease-of-handling’’ ratings which were some- 
what different than those obtained from the tee-joint 
tests. Experience gained from the first groups of cluster 
tests also indicated that the test could be improved by 
tilting the assembly away from the welder. Therefore, a 
third series was welded at room temperature, using the 


same sequence as before but with the cluster tilted away 
from the operator at an angle of 30° (see Fig. 6). 

Observations on the third cluster group were recorded 
in considerable detail. Smoothness, contour and pene- 
tration of the welds and ease of manipulation of the elec- 
trodes were particularly noted and observations made of 
special points to be considered in evaluating the elec- 
trodes. These ratings appear in Table 11, and photo- 
graphs of a representative cluster are shown in Fig. 7. 
In this figure, a is the side toward the welder when the 
weld is started and db is the opposite side as shown in Fig. 
6. For the most part there was little difference in the 
appearance of the joints, even though they received 
different ratings. This indicates that, in general, joints 
of satisfactory appearance can be produced with most 
classes of all-position plain carbon steel electrodes, but 
that some may require more “‘working’’ than others, be- 
cause of greater difficulty in handling. 

This general observation could also be applied to two 
of the alloy aircraft electrodes, T-AA and U-AA, but the 
difficulty in controlling welds made with electrode 5-AA 
was too great to be overcome by dexterous manipulation, 
and joints of poorer appearance were produced. 

After all three groups of cluster joints had been com- 
pleted, all specimens were inspected by the Magnaflux 
method. In the case of electrode T-AA, there seemed suf- 
ficient evidence to indicate that despite its excellent hand- 
ling characteristics, this electrode has marked cracking 
tendencies. 

Of all the tests used in this investigation, the cluster 
joint gave more information than any other for evaluating 
handling characteristics. No doubt it is not completely 
satisfactory as a single qualification test for aircraft arc- 
welding electrodes, but by making the type of observa- 
tions recorded in Tables 10 and 11, applying Magnaflux 
inspection and possibly some simple method of mechani- 


Table 10—Cluster Joints Made at Room Temperature and with 400-500° F. Preheat, Vertical Fixed Position 


Continuing member: 
Abutting members: 
Electrode Electrode 


Class Polarity 


1 x 0.095-in. S.A.E. 4130 seamless tubing. 
1 x 0.058-in. S.A.E. 4130 seamless tubing. 


Over-all Rating* (Basis of 10) 
Series Made at Series Made with 
Room Temperature 400-500° F. Preheat 


Electrode 
Diameter 


E6010 Positive 

Positive 

Positive 

Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Positive 

Positive 

Negative 
Negative 


E6012 


bo bo 


bo 


E7012 


E7020 
E7030 
Alloy aircraft 


lation. Does not cover cracking. 


“J 


* Takes into consideration smoothness of welds, contour (including undercut), starting ability, slag fluidity, spatter and ease of manipu- 


t Electrodes considered definitely unsatisfactory in the series made at room temperature were eliminated. 


+6/ 


+ °/e-In.-diameter electrodes seemed slightly more satisfactory than */,-in. 
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Table 11—Cluster Joints at Room Temperature, Inclined Position 


Continuing member: 1 x 0.095-in. S.A.E. 4130 seamless tubing. 
Abutting members: 1 x 0.058-in. S.A.E. 4130 seamless tubing. 


Ratings* 
Smoothness Over-all 
Electrode Electrode Electrode of Weld Contour Penetration Manipulation Ratingt 
Class Brand Polarity Diameter (Basis of 4) (Basisof4) (Basisof2) (Basisof10) (Basis of 20) 
E6012 G-12 Negative 3/39 2 3 2 10 17 
G-12 Negative 5 / es 2 3 2 8 14 
H-12 Negative 3/32 3 2 2 7 14 
I-12 Negative 3/59 3 2 2 7 14 
I-12 Negative 5 / es 3 3 : 8 16 
J-12 Negative 3/39 2 1 2 7 12 
E6013 M-13 Negative 3/39 3 3 2 8 16 
N-13 Negative 3/39 3 3 2 9 17 
0-13 Negative 3/s2 4 3 2 10 19 
P-13 Negative 3/39 3 3 2 9 17 
P-13 Negative 5/4 4 3 2 9 18 
Q-13 Negative 3/9 2 4 2 7 15 
R-13 Negative 3/59 4 2 2 10 18 
E7012 D-712 Negative 3/30 4 3 2 9 18 
K-712 Negative 3/39 3 2 2 9 16 
Alloy aircraft S-AA Positive 3/59 2 2 2 7 13 
S-AA Positive 5 / 2 2 2 6 12 
T-AA Negative 5/64 + 3 2 10 19 
U-AA Negative 5/64 3 2 2 10 17 


* Table of ratings: 


Smoothness of Weld Contour 
Smooth 4 Flat 
Medium 2 Slightly convex >Good 


Rough 0 Slightly concave 


Convex Pair 
Concave 
Undercut —lor 


Tendency to undercut - 


Too great a variation in size 


t Over-all rating is the sum of the individual ratings. 


Penetration 
(Observed During Welding) Manipulation 
Good throughout 10 
Good 2 Starts hard —lto -3 
Poor 0 Spatter —1 
Requires special precautions —1 to —3 
Slag too fluid —lto -3 


cal testing, it is believed that the cluster joint could be 
developed into a very satisfactory test for electrodes. 


Discussion of Results 


In the following discussion, the electrodes as a class will 
first be discussed, after which the individual electrodes 
within the class will be considered. 


Class E6010 


These electrodes produce a deep penetration which, of 
course, implies a rather high heat input. For aircraft 
welding on light material this penetration is too great, 
leading to undercutting and in some cases to actually 
melting through the parent metal. This greater heat in- 
put also results in a slightly lower hardness under the 
weld and a slightly lower tensile strength of the as-welded 
condition, as compared to the other classes. These elec- 
trodes also produce more spatter. They are particularly 
bad in welding in the “vertical down” position and gen- 
erally in the welding of small fillets. They are also unsat- 
isfactory in the welding of cluster joints. Initially, three 
brands were tested, but as the results of earlier tests indi- 
cated that they were appreciably less satisfactory than 
electrodes in other classes, only one electrode was included 
in subsequent tests for the purpose of checking the origi- 
nal findings. There were only very slight differences 
between the three electrodes in this class. 

Brand A-10.—This electrode seemed to be slightly 
better than the other two. It generally gave a smoother 
deposit and produced less spatter. The welds were more 
uniform in appearance also, although the smaller elec- 
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trodes (*/x-in.) produced less uniform welds than the 
1/,-in. size. 

Brand B-10.—This electrode performed very irregu- 
larly at times and had a tendency to burn off on one side. 
It also gave a rougher-surfaced deposit than did electrode 
A-10. 

Brand C-10.—This was the poorest of the three. Its 
chief fault was a too fluid slag which often ran into the 
crater making handling more difficult. It also tended to 
start hard and to overheat thin material as the weld 
progressed. 


Class E6012 


These electrodes give less penetration than those in 
class E6010, but still more than is necessary in many 
cases. Less heat input is thus indicated and hardness 
surveys seem to check this, in that slightly higher hard- 
nesses are obtained in the multipass butt welds. For this 
same reason they have less tendency to undercut. 

Brand G-12.—This electrode was one of the best in its 
class. It produced smooth deposits, had little spatter, 
and handled well in making the cluster joints. As a 
crack was reported in one of the tests, investigation of a 
possible cracking tendency would be advisable. 

Brand H-12.—This electrode is a general purpose elec- 
trode, not specifically intended for light-gage welding, 
yet it was generally quite satisfactory. It was very simi- 
lar in performance to electrode G-12. 

Brand I-12.—This electrode is only tentatively placed 
in this class. While designed for welding light material, 
it is slightly less satisfactory than other electrodes of this 
class. Its chief drawbacks are a somewhat fluid slag 
which makes it harder to handle, particularly in the 
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Fig. 7—Typical Welded Tube Cluster 


“vertical down’’ position, and an excessive spatter. It 
was necessary to hold a short are while welding and fre- 
quently this led to ‘‘shorting out”’ of the arc when a large 
globule of molten metal came off. In its favor must be 
mentioned a smooth-surfaced deposit in most welding 
positions and a good contour. 

Brand J-12.—This electrode is very similar to elec- 
trodes G-12 and H-12 in its general behavior. While it 
is better than the others for making fillet welds, it does 
not seem to be quite so good for making cluster joints as 


it starts a bit harder. It also produced slight undercut- 
ting. 


Class E6013 


The characteristics of most electrodes in this class are 
very similar to those in the preceding class. While they 
are designed primarily for use with alternating current, 
they perform extremely well when used with direct cur- 
rent, electrode negative (straight polarity). Their pene- 
tration is slightly less than the preceding class, indicating 
less heat input during welding. As would be expected, 
slightly higher hardnesses were found in the butt-weld 
specimens. While they handle well in position welding, 
their penetration may be insufficient in some cases, so 
that where penetration is extremely important, welds 
should be carefully checked. In most welding positions 
they produce very smooth deposits with good contour. 

Brand M-13.—This was one of the best handling elec- 
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trodes of all those tested. In the several rating tables of 
the different tests, its rating was always among the high- 
est. It produced welds with smooth surfaces and good 
contours in nearly all cases. Like all electrodes of this 
class it did not produce deep penetration, so that in posi- 
tion welding, especially, it is advisable to check for ade- 
quate penetration. 

Brand N-13.—This electrode also was very easy to 
handle. While not quite so satisfactory for fillet welds 
in '/y-in. sheet as electrode M-13, it nevertheless per- 
formed well, and its over-all performance, based on all 
tests made, was only slightly less satisfactory than that 
of M-13. 

Brand O-13.—This electrode also produced good welds. 
It was not quite so good as the others for fillet welds in 
'/s-in. sheet, because it had a slightly more fluid slag and 
tended a bit more toward undercutting. On the other 
hand, it handled better than most in making fillet welds 
in '/-in. sheet. This ability to work well on thin sheet 
was further emphasized by its excellent performance in 
the cluster joint tests. 

Brand P-13.—While this electrode was very good for 
fillet welds in '/s-in. sheet, it was less satisfactory for 
similar welds in '/;»-in. sheet. It had a slag which was a 
bit more fluid than slags from other electrodes in this class 
and which also tended to bubble during welding. This 
slag did not have much effect when '/s-in. electrodes were 
used, except in the overhead position, but it did make 
handling more difficult when the smaller electrodes were 
used, although very good welds were still produced. 

Brand Q-13.—This is a widely used a.c.-d.c. electrode 
for thin sheet welding, but is not officially classified as an 
E6013 electrode. Since it appeared to fit best into this 


class, it has been grouped with thése electrodes. Its 
relatively low over-all rating is the result of its very fluid 
slag, which makes handling difficult in vertical positions 


and in the welding of joints such as tube clusters. 

Brand R-13.—This electrode demonstrated outstand- 
ingly good handling characteristics in the tests in which 
it was used. It was a slower burning electrode than 
most of the others in the class and was especially good 
when welding in the “vertical down”’ position. It worked 
very well on light-gage material and produced excellent 
results both in fillet welds of '/,.-in. sheet and in cluster 
joints. On the basis of tests performed, it seemed to be 
one of the better electrodes available. 


Class E7012 


This class was represented by two electrodes, D-712 
and K-712. Both were included only in the later tests. 
They were like the class E6012 electrodes in performance, 
and there was very little difference between them. How- 
ever, electrode D-712 seemed the better, chiefly because 
it produced smoother welds with slightly better contours. 
This advantage was partly outweighed by very slightly 
less satisfactory handling characteristics caused by a 
more fluid slag. 


Classes E7020 and E7030 


Each of these classes was represented by one electrode, 
E-720 and F-730, respectively. Neither of these classes 
of electrodes is designed for aircraft welding, as both are 
intended for welding where deep penetration is desired 
and for joints made either in the flat position or, in the 
case of fillet welds, in the horizontal position. The tests 
made on them merely served to emphasize the fact that 
they were completely unsatisfactory for position welds 
in light sheet and hence not acceptable for general air- 
craft welding. 
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The Alloy Aircraft Electrodes 


There was considerable variation in the properties of 
these electrodes. None was outstandingly good. In 
fact, barring instances where welded joints are to be heat 
treated, all three electrodes tested were inferior to the 
plain carbon steel electrodes of classes E6012 and E6013. 
In the heat-treated condition, however, all three elec- 
trodes produced welds of considerably higher tensile 
strengths than were found in welds made with plain car- 
bon steel electrodes. 

Brand S-AA.—This electrode is still in the process of 
development. At the time of testing, it was the least 
satisfactory of the three alloy electrodes. The main 
reason for this was an excessively fluid slag which made 
welding in the “vertical down’’ position well-nigh impos- 
sible, and which even caused poor welds in the flat posi- 
tion by flowing into the crater during welding, leading to 
subsequent entrapment of the slag and consequently un- 
sound welds. In some instances it produced very smooth 
welds of good contour and perhaps, with some adjustment 
of the coating, may subsequently become a very good 
electrode for aircraft arc welding. However, at present 
it is decidedly not acceptable. 

Brand T-AA.—From the point of view of handling 
characteristics, smoothness of weld surface and excellence 
of weld contour, this electrode came nearer to the ‘‘ideal”’ 
than any other electrode tested during the investigation. 
Unfortunately, however, several cracks appeared in vari- 
ous cluster joint specimens, and radiographs indicated 
considerable porosity in groove welds. Therefore, though 
outside the scope of this investigation, until such a time 
as these major defects of the weld metal are eliminated, 
this electrode cannot be considered as acceptable for air- 
craft welding. 

Brand U-AA.—This electrode was the most satisfac- 
tory among those of this class tested. It was, however, a 
“hot” electrode, producing as deep penetration as do 
electrodes of the E6010 class and also considerable spat- 
ter. It was not, therefore, very easy to handle, and, ex- 
cept in cases where heat treatment is needed to develop 
the full strength of the plate material, use of the more 
generally satisfactory plain carbon steel electrodes of the 
E6012 and E6013 classes is suggested. 


Electrode Sizes 


Electrodes were available for this investigation in the 
following diameters: */s2, and 5/zin. Of 
these, the three middle diameters were the most suitable 
for the thicknesses of material covered. 

It is generally accepted that the largest electrode suit- 
able for any particular job is the most economical to use, 
other things being equal. In aircraft welding, however, 
where smoothness of deposited metal, small weld size and 
ease of handling are of particular importance, it is fre- 
quently advisable to use somewhat smaller electrodes 
than would ordinarily be used. For example, it has been 
found in this investigation that for welding cluster joints 
in light-gage tubing, °/g-in. electrodes apparently pro- 
duce slightly more satisfactory welds from the aircraft 
standpoint than do the */s-in. ones, although either can 
be used. In deciding, therefore, upon the size of elec- 
trode to be used for a particular aircraft are weld, con- 
sideration must be given both to the requirements of the 
joint to be produced and to the lower production effi- 
ciency characteristic of the smaller diameters of elec- 
trodes. Production efficiency of '/\.-in. diameter elec- 
trodes is so much less than that of larger diameters that 
their use should be limited only to special applications 
where no other size can be used. One-sixteenth-inch plain 
carbon steel electrodes, as manufactured at present, were 
also found to have very poor handling characteristics. 
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Tests for Handling Characteristics of Electrodes 


Most of the test specimens used in this investigation 
would be equally as useful for testing electrodes for other 
than aircraft use. For the more special study of hand- 
ling characteristics in aircraft welding, however, it seems 
to be highly desirable to use one which requires the weld- 
ing, in some fixed position, of a tubular assembly. The 
wide variation in angle, clearance, position, restraint, and 
shape of weld which obtains during the welding of a single 
cluster joint brings out most effectively the handling 
characteristics of the electrode. Cluster tests made at 
various preheat temperatures are also useful in a study 
of undercutting tendencies, penetration and the fluidity 
of slag and weld metal. ' 

Probably the most effective all-around test would be 
the welding of the double tubular triangle specimen, pro- 
posed by a special Subcommittee of Committee H, Air- 
craft Welding Research Committee, for weldability tests. 
This tube triangle includes three miter joints and three 
cluster joints, one of which has the conventional gusset 
plates. The welding of these six joints should provide an 
adequate indication of the handling characteristics of an 
electrode and has the added advantage that the closing 
joints are highly restrained, which will bring out possible 
cracking tendencies in the weld metal. 


Alternating-Current Welding in Aircraft Work 


This investigation included no tests of electrodes using 
alternating current, since one of its main and limiting ob- 
jectives was the study of electrodes for field and repair- 
station use. However, during the testing of the a.c.-d.c. 
type electrodes, several tests were made using alternating 
current, and a.-c. welding with these electrodes was also 
done in a related investigation. The results indicated 
quite definitely that for tubular aircraft joints, the a.-c. 
method would rate as high as the d.-c. method in ease of 
handling and in contour, smoothness and general appear- 
ance of the welds. In fact, two of the a.c.-d.c. electrodes, 
when used with alternating current, produced better 
welds than most of those made with direct current. 

Although d.-c. are welding is the more common method 
in aircraft assembly plants, a.-c. welding is also being used 
with much success. With due regard for the limitations 
and welding characteristics peculiar to a.-c. welding, this 
method has distinct advantages which are particularly 
applicable in aircraft welding. It is believed that one of 
the future developments in aircraft arc welding will be a 
far greater acceptance of the a.-c. method. 


Conclusion 


In order to illustrate the general trend of all test re- 
sults, a composite rating for each electrode is given in 
Table 12. This rating is the sum of all individual ratings 
(reduced to a base of 100) of the various factors involved 
in the “ease-of-handling’” characteristic. It will be 
recognized that such a composite rating cannot give a 
true indication of each of the several utility factors, nor 
even of the relative over-all merit of any one electrode, 
but serves rather to indicate the differences between 
classes of electrodes. In considering the use of an elec- 
trode for a specific operation which requires a particular 
electrode behavior or performance, the detailed data and 
ratings should be applied. 

Discussions with production and welding engineers 
indicate that the results of this investigation are con- 
firmed generally by the experience of the aircraft and 
allied industries, although there is considerable breadth 
of opinion regarding the best brand of electrode. Consid- 
ering the great number and variety of arc-welded 
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[his composite table of ratings of the various electrodes indi- 
cates an approximate estimate of their relative merits based on the 
criteria of (a) ease of handling and (5) surface characteristics (con- 
tour, undercutting, smoothness, pitting) of welds made with them. 
It does not indicate differences in tensile properties, internal poros- 
itv and cracking tendency. For reasons already set forth, it has 
not been possible to include these factors in this method of rating. 

It is therefore recommended that for comparison and selection 
of electrodes, reference be made to the discussions and tables based 
on specific tests. These show that for specific applications an 
electrode with a lower rating might be preferred to one with a 
higher rating factor. 


Electrode Electrode Brand Rating 
Class (See Table 1) Factor, %* 
E6010 A-10 70 
B-10 64 
C-10 60 
E6012 G-12 76 
H-12 71 
I-12 70 
J-12 70 
E6013 M-13 83 
N-13 81 
0-13 81 
P-13 80 
Q-13 65 
R-13 83 
27012 D-712 80 
K-712 74 
Alloy aircraft S-AA 62 
T-AA 82t 
U-AA 74 


* Based on rating tables of fillet welds in tee joints (Tables 3 and 
4), spatter tests, and cluster joints (Tables 10 and 11). These 
ratings were weighted as follows: Tee joints in '/s-in. sheet, 2; tee 
joints in 1/,.-in. sheet, 2; spatter tests, 1; cluster joints, 90°; 
room temperature, 2; cluster joints, 90°, 400-500° F. preheat, 1; 
cluster joints, 60°, room temperature, 2. No rating given for 
tensile properties, internal porosity or cracking tendency. 

+ Refer to discussion of this electrode on page 551. 

t Refer to discussion of this electrode on page 552. 


assemblies, welding conditions and production methods 
which are encountered in the aircraft plants, and the di- 
verse training, experience and personal reactions or pref- 
erences of the thousands of welding operators, it is not 
surprising that a complexity of opinion exists regarding 
the suitability of various brands of electrode. Indeed, it 
is most fortunate that an adequate number of satisfactory 
electrodes is available from which to choose. 

It should not be considered a detriment to the general 
merit of an electrode if it be found unsuitable for aircraft 
use. Almost without exception, the electrodes now used 
most widely in aircraft work were originally designed with 
no special aircraft purpose in mind, and it is not to be 
expected that every electrode in a class or group will per- 
form to its best advantage when applied, or misapplied, 
in a new field of welding. 

Referring to the electrodes which are successfully being 
used in aircraft welding and including the few which 
have been modified or developed specifically for aircraft 
use, it is submitted that the most useful and valuable 
future improvement should be in the ease-of-handling 
characteristics, rather than in properties of the weld 
metal, deposition efficiency and the like. 


TESTS OF ARC-WELDING ELECTRODES 


The electrode manufacturers have, almost without ex- 
ception, developed electrodes which produce weld metal 
with consistently satisfactory physical and mechanical 
properties. Under the conditions present in aircraft 
welding, however, even a first-class welder may be un- 
able to make good welded joints with some of these elec- 
trodes because the arc, weld metal and slag are too diffi- 
cult to manipulate and control. It is true that the elec- 
trodes now available have already proved very useful and 
satisfactory tools and that we are in the region of dimin- 
ishing returns as regards further improvements. How- 
ever, there are urgent demands for new and more efficient 
aircraft joint designs, with increased structural strength, 
endurance and all possible reduction in weight; refine- 
ments in welding techniques are called for which will give 
the utmost in structural integrity, production speed and 
economy. It is believed that to attain these ends, the 
most likely and direct approach is the development of a 
small-diameter electrode with superior handling charac- 
teristics. It is hardly probable that the industry will ever 
obtain the perfect electrode which possesses every desir- 
able feature and which will produce the ideal aircraft 
weld with the ultima of contour, smoothness, root pene- 
tration, strength and ductility. Nevertheless, in view of 
the remarkable advances that have been made in the last 
ten years in electrodes for the heavy welding industries— 
electrodes for all positions, flat fillets, deep grooves, high 
speeds, smooth finish, maximum penetration, poor fit-up 
we may justifiably be confident that the special-purpose 
electrode for aircraft welding will also be developed. 

It is largely up to the designers and fabricators of arc- 
welded aircraft structures, and to the inspectors and users 
of the finished products, to draw ypon their large-scale 
production and service experience; to specify, as a group, 
the most desired, useful and practical features in an air- 
craft electrode, and to eliminate and avoid unnecessary 
or superfluous requirements for both electrode and weld. 
Such action has already been initiated by Committee H of 
the Industrial Research Division of the Welding Re- 
search Committee, which has gathered and correlated 
data on welding practices at many of the aircraft fac- 
tories. The information obtained in this survey has 
been greatly needed; it will be of inestimable value in 
future research and production work and should give 
added impetus to the development of the new aircraft 
welding electrode. 
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Summary 


OST of the information available on fatigue 
strengths has been obtained on a rotating beam 
type of fatigue testing machine which produces 

a completely reversed bending stress. Some test data 
have also been obtained for axial and torsional fluctuating 
stresses. In many constructions, however, the stresses 
are not simple but act in more than one direction. For 
these conditions of combined stress very little informa- 
tion is available regarding the fatigue strength.' For 
biaxial fatigue stresses, in which both stresses are tensile, 
no general information could be found in the literature. 
A special case of this stress condition, in which a few pre- 
liminary tests were made on tubes subjected to internal 
fluctuating pressure and static axial loads, has been re- 
ported.' 

The primary object of this investigation is to obtain 
basic information on the fatigue strength of metals sub- 
jected to combined stresses. The investigation is re- 
stricted to biaxial stresses in which both stresses are ten- 
sile. The information obtained will be of value in the 
design of structural and machine members in which this 
type of stress occurs. 

The condition of biaxial fatigue stress is obtained by 
subjecting a thin-walled tubular specimen to a fluctuat- 
ing internal pressure synchronized with a fluctuating 
axial load. These loads produce a condition of biaxial 
tensile fatigue stress. This paper covers a description of 
the machine built to apply the biaxial fatigue stresses 
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Strength of Steel Subjected to Biaxial 
Fatigue Stresses 


By Joseph Marin’ 


mentioned. It discusses the difficulties encountered in 
designing the machine and reports some preliminary 
tests on biaxial fatigue stresses. 
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Introduction—Scope of Investigation 


The test specimen used in this project consists of a 
thin-walled tubular member. In order to obtain biaxial 
tensile fatigue stresses a fluctuating internal pressure is 


Fig. 1—Loading Applied to Tubular Specimen 
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Fig. 2 (2)—Biaxial Fatigue Stress Testing Machine 


applied and synchronized with an axial fluctuating load. 
If the specimen has an internal diameter d and wall 
thickness ¢ (Fig. 1), then the approximate values of 
stresses in the longitudinal and circumferential direc- 
tions are, respectively, 


Si = A 4 (a) 
and 
= () 


where the internal pressure is p, the axial load is P, and 
the cross-sectional area of the tube wall is A. If the 
axial load P varies from a minimum value of P” to a 
maximum P’ and the pressure p correspondingly varies 
from p” to p’, the maximum and minimum values of the 
principal stresses are from equations (a) and (0), re- 
spectively, 


| 4t’ 1) 
‘d "d 


The fatigue strength under this stress combination will de- 
pend upon the ratios of the maximum to the minimum 
stress values and the ratio of the principal stress values. 
That is, the strength will be dependent on the stress 
ratios 


R, = and R, = (2) 
and 
Sy’ 
A= and Q; = (3) 


A large number of tests are apparently necessary to 
determine the fatigue strength for the various possible 
stress ratios covered by equations (2) and (3). 

In view of the many possible tests involved, the Weld 
Stress Committee, at its October 1941 meeting, planned 
the following preliminary program: 


1. Tests to be made for equal values of the principal 
stresses, i.e., Q, = Q2 = 1. 

2. Tests to cover maximum possible fluctuations of 
stresses, i.e., R; = Re = 0. (With the machine 
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as designed, and for internal pressure, reversal 
of stress is not possible.) 
3. Tests in Item 2 to be followed with about three 
other intermediate ratios of R; and Rs. 
4. Control tests in axial fluctuating stresses for differ- 
ent ratios of minimum to maximum stress. 
5. Control tests in axial static tension on tubular and 
standard A.S.T.M. 0.505-in. specimens. 
6. Control tests under combined static stresses. 


Due to the low speed of testing (200 cycles per minute) 
it was decided to base the fatigue strength on 2,000,000 
cycles for the above preliminary program. 


Description of Testing Machine 


The new fatigue testing machine built for this investi- 
gation is illustrated in Fig. 2. The tubular specimen S is 
subjected to an axial fluctuating load by the lever Ls. 
This lever is connected to an eccentric attached to the 
gear Ge. The gear G2 is driven by the gear G which is 
operated by a 2-hp. 1750 r.p.m. motor. A gear reduction 
of 1 to 9 gives at the specimen about 200 fluctuations of 
stress per minute. It was decided to maintain a low 
rate of fluctuations in order to eliminate possible errors 
due to interference of pressure waves produced, by the 
application of internal pressure. 

The internal oil pressure is applied to the specimen by 
means of plunger P. The plunger P is activated up and 
down by means of the lever L; which is attached to an 
eccentric at its right end. This eccentric is rotated by a 
gear, G;, which, in turn, is operated by the middle gear G. 
The latter is connected to the motor 1/. The maximum 
and minimum internal pressures gre measured by the 
gages g; and ge, respectively. These gages have specially 
designed check valves attached to them so that the dials 
do not fluctuate but move only if there is a change in the 
values of the maximum or minimum pressures. The 
movements are then very slight. In this way the gage 
mechanisms are not subjected to a fluctuating stress. 

The plunger P which applies the internal pressure by 
compression of the oil enclosed in the specimen has as 
tight a fit with its cylinder as is possible. In spite of this, 
leakage occurred to such an extent that accumulator 
units were added to supply oil when it was lost from the 
specimen by leakage. In the original design of the 
machine the accumulator unit and pressure gage assem 
bly were not included. In place of this, a preloaded 
spring was placed above the specimen so that the re- 


Fig. 2 (b)—Testing Machine with Auxiliary Accumulator 
or Constant Pressure Reservoir 


555-s 


As 
r C 
D 
, 
ry 
~ 
WH 
J 
be 
: J (5) 
& 
ory 
— 
3 


quired load variation could be applied between the ex- 
treme positions of the lever. This arrangement led to 
several difficulties; primarily, that it was impossible to 
maintain the required pressures due to the leakage of oil 
from the system. It should be mentioned that since the 
volume of oil involved is very small, it requires only an 
extremely small loss of oil to produce an appreciable drop 
in the pressure. The accumulator A consists of two 
cylinders, one enclosed in the other, as shown in Fig. 3. 
Oil and glycerin are first placed in the accumulator. 
The inner cylinder is then connected to a nitrogen gas 
cylinder and nitrogen gas is transferred to the accumu- 
lator until the required pressure is obtained. The 
volume of oil and glycerin is predetermined so that nitro- 
gen gas will not enter the outer space in the accumulator. 
Glycerin is used to prevent the mixture of nitrogen gas 
and oil. The required oil pressure in the specimen is 
maintained by connecting the accumulator to the oil line 
from the specimen. The maintenance of pressure as oil 
leaks from the specimen is accomplished since the volume 
of the nitrogen gas in the accumulator can vary consider- 
ably before the pressure is changed. Periodically, when 
considerable oil has leaked out, the accumulator is re- 
plenished with oil from reservoir R which is connected to 
a hand pump, H. For load conditions in which the 
minimum pressure is very small it was necessary to add a 
smaller capacity accumulator A}. 

A counter, C, is used to record the number of stress 
fluctuations up to failure. The motor is stopped by 
electrical controls, £, and E,, when the specimen is frac- 
tured. ; is a micro-switch which operates when the 
block below the specimen rotates due to the fracture of the 
specimen circumferentially. This is the type of fracture 
produced when the longitudinal stress is the greatest 
stress. The switch £2 operates when there is an internal 
pressure present. When failure occurs under this latter 
load condition a valve, V, closes so that the pressure in 
the accumulator is not released. 


Fig. 2 (c)—View of Testing Machine Showing Gears and 
Eccentrics 
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Fig. 2 (d)—Cross Section Showing Method of Applying Load 
(Helical Spring Discarded in Final Design) 


The axial load on the specimen is measured by placing a 
dynamometer at D. In order to prevent the failure of 
this dynamometer by fatigue it is replaced by a steel bar 
in such a way that the range of deflection at the end of the 
lever, Ls, is the same as that when the dynamometer is in 
place. A threaded turnbuckle unit at D allows the appli- 
cation of different axial loads. 

A longitudinal load on the specimen is made possible by 
having both ends of the specimen arranged with spherical 
holders and bearings. Concentricity of axial load was 
checked by measuring the elongation of a specimen pro- 
duced by an axial load at various sections around the 
circumference. These deformations were measured by a 
Huggenberger tensometer and were found to agree very 
well, showing that the load was axially applied. 

Calculations were made to determine the error intro- 
duced in the load measurement due to inertia forces pro- 
duced on the lever J, by the movement of the lever. 
These forces produced a negligible error representing a 
fraction of 1% of the loads applied. 

The axial load and internal pressure are synchronized 
by turning the gear G, relative to gearsG and G:. Deter- 
mination of synchronization of loads is made by observ- 
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Fig. 2 (e)—-Schematic Layout of Testing Machine 


ing the deformation of dials attached to the specimen. 
These dials measure the longitudinal and diametrical de- 
formations. The gear G,; is turned to such a position 
relative to gear G: that the maximum deformations 
occur at the same instant of time. It may be desirable 
to make a more accurate check on this question of 
synchronization of loads by using electric strain gages 
and an oscillograph. 

In assembling the specimen in the machine, special care 
must be taken to prevent inclusion of air in the oil line. 
The eccentrics attached to the gears G; and G2 must also 
be adjusted to give the precalculated load and pressure 
values. The minimum pressure is governed by the pres- 
sure valve in one of the accumulators. This pressure 
can be increased by the pump H or decreased by remov- 
ing nitrogen gas. 


Test Results 


(a) Preliminary Tests on Open-Hearth Steel Plates 


During the summer of 1941 some preliminary axial 
fatigue tests were made on structural steel plate material 
used for forged welding. This material was essentially 
open hearth steel, A.S.T.M. designation A78-39, of 
grade B. For this material the fatigue strength under 
fluctuating axial load only was about 45,000 psi. This 
was for a stress variation from a minimum value approxi- 
mately equal to zero to a maximum value of about 45,000 
psi. The ultimate static tensile strength for this ma- 
terial, as determined on the tubular specimens in the 
fatigue machine, was about 78,000 psi. These strength 
values must be regarded as approximate since no check 
tests were run and the specimens were not annealed. 


(b) Tests on S.A.E. 1020 Steel 


1. Material Tested.—For the second program of tests, 
an S.A.E. 1020 killed steel, hot rolled, was used. This is 


1942 


BIAXIAL FATIGUE STRESSES 


a hot-rolled steel with a rated tenSile yield strength of 
about 35,000 psi. and ultimate tensile strength of about 
60,000 psi. The material was supplied in round stock 
2'/. in. in diameter. The specimens were annealed be- 
fore final machining, using a temperature of 1650 to 1700° 
F., followed by air cooling, then by reheating to 1200 to 
1250° F. and cooling in still air. 
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Fig. 3—Diagrammatic Cross-Sectional View of Accumulator 
or Constant Pressure Reservoir 
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Control Tests.—Only static tension control tests 
were made on standard A.S.T.M. 0.505-in. specimens 
with a 2-in. gage length. The yield strength, ultimate 
strength and percentage elongation (ductility) are given 
for both annealed and non-annealed specimens in Table 1. 
Stress-strain curves for this material are shown in Fig. 4. 


Table | 
Annealed ——~ Non-Annealed ——— 
Yield Ult % Tield Jit. 
Specimen Elonga- Strength, Strength, Elonga- Strength, Strength, 
No. tion Psi Psi tion Psi Si 
1 : 36,200 60,000 38 30,000 58,000 
2 42 37,500 60,000 38 27,500 58,000 
Average 
values 42 36,850 60,000 38 28,750 58,000 


Fig. 4—-Stress-Strain Diagrams for S.A.E. 1020 Annealed Specimens 
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3. Fatigue Test Specimens.—The fatigue test speci- 
men used is approximately 1 in. internal diameter and 
0.05 in. wall thickness, as shown in Fig. 5. Special lathe 
attachments were designed for machining these specimens 
to the form shown. The inside of the specimens are 
honed in order to obtain as smooth a dinish as possible. 
Emery paper of 00 grade is also applied in a longitudinal 
direction on the outside in order to obtain the required 
finish. 

A careful measurement of the wall thickness is made 
by a specially built gage which measures this thickness 
directly with a 0.00l-in. Federal dial. A number of 
values are taken for each specimen to obtain a good 
average. The variation in the wall thickness was found 
to be negligible. The values of the average wall thick- 
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Fig. 5—Test Specimen 
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nesses and internal diameters for each of the specimens se | T TTI 
tested are given in Table 2. etnies | | i t f | } 4 
| | 
Specimen Average Wall Average Internal 
No. Thickness, ¢, In. Diam., In. 4 tT 
1 0.049 1.003 
2 0.048 1.004 
5 0.048 1.002 k | | 
| il a 
4. Fatigue Test Results—Some test results under in 


axial fatigue stress as well as biaxial fatigue stresses of 


equal magnitude have already been obtained. These a | | |] 
tests are all for stress variations having minimum stress tH} 
values close to zero. The values of the stresses and ‘ | | | | } | | ae 


number of cycles applied before rupture are given in et wy : Po 

Table 3. Figure 6 gives the S-N curve for axial fluctu- 

ating stresses. 


Fig. 6—Endurance Limit Diagram for Axial Tension 


Table 3 


— Stresses 


Load, 


Load, Pressure, Cycles to 
Type of Specimen (approx.), Pressure, (approx.), Produce 
Stress No. In.-Lb. In.-Lb. Puex:, Psi. Psi. S;", Pai. S2’, Psi S,”", Psi S.”", Psi Rupture 
Axial 1 7000 0 mys ah 45,300 0 0 0 158,100 
2 5850 0 wr carn 38,600 0 0 Ad 0 1,253,600 
3 is 0 er 33,000 0 0 0 5,000,000 + 
Biaxial 4 3700 0 4650 500 50,900 50,800 2730 5460 69,300 
5 3100 0 4000 300 41,400 41,800 1561 3130 1,192,700 


Interpretation of Results 
*P strength is not influenced by the presence of a biaxial state 


Table 3 does not give sufficient test data upon which to of equal stresses. Further test results obtained by L. H. 
base a conclusion about the fatigue strength under biaxial Donnell support this conclusion for the case of equal bi- 
stress conditions. However, a comparison of the stress axial fluctuating stresses. Naturally, more tests must 
values for Specimens 2 and 5 indicates that the fatigue be made before arriving at a definite conclusion. 


The Effect of Welding on the Shear and 
Hardness Properties of Mild Steel Bars’ 


By William Dein Lewis 


HE objects of this work were: 1. The securing 2. The determination of the effect of arc welding on 
of data on both heat-treated and untreated welded the shear and hardness properties of welded mild steel 
mild steel bars, comparing the shear and hard- bars at intervals of '/,-in. from the center of the weld. 


ness properties with: (a) like properties of untreated The stock used was 1-in. round S.A.E. 1020 steel. 
unwelded mild steel bars; (0) like properties of heat- The chemical analysis is: carbon, 0.20; manganese, 
treated, unwelded mild steel bars; (c) like properties of 0.43; phosphorus, 0.015; silicon, 0.033. 

untreated welded mild steel bars. All the stock was supplied by the courtesy of The Car- 


* Abstract of a thesis submitted in partial fulfillment of the requirements negie-Illinois Steel Corporation. rhe welding rod used 


for the degree of peer of ne hee ge State Collen, June yous. was a coated shielded arc electrode, E6010, and is used 
Contribution to t dament esearch Division, W rch Com- . . : : 
a ee we with reversed polarity. All the welding rod used in these 
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tests was supplied through the courtesy of the Air Re- 
duction Company. 

The untreated welded bars were 24 in. over-all on 
welding. The heat-treated welded bars were 15 in. over- 
all because of the shallow depth of the furnaces available 
in the School of Mineral Industries, of The Pennsylvania 
State College, where all the heat treating was done. 

Before welding the bars were machined to the form 
shown in Fig. 1. 

The welding was done by adding beads alternately to 
the “‘vees’’ formed when the bars were clamped in the jig 
used to keep them straight while welding. The weld 
overflow was machined to the bar diameter in all cases. 
The welds were made at 24 v. and 200 amp. by S. S. 
Eckley, Department of Engineering Mechanics, who has 
had considerable training and experience in the field of 
are welding. 

A total of 14 bars were made up and tested for each 
treatment. This procedure was necessary because of the 
inability of the Olsen Shear Block to shear at intervals 
of less than 2 in. The successive bars were sheared in a 
way that gave each a '/,-in. offset from the weld center, 
over the previous bar in the series. This procedure re- 
quired five component bars for each set of readings, but 
with the use of fourteen bars, three sets of shear and six 
sets of hardness values could be obtained, by making 
use of the fact that each bar sheared at the center and 
1 in. from the center gave two sets of readings, one in each 
direction from the weld. 

The bars were all marked with identification numbers 
before testing to insure accurate shearing and tabulating. 
The surfaces formed on shearing were faced on a lathe 
with the removal of a minimum amount of metal. This 
surface provided the necessary smoothness for the hard- 
ness tests, and at the same time it might be said that in 
no case was it necessary to remove enough metal to ap- 
preciably change the distance of the point of testing from 
the weld center. All hardness measurements were made 
as closely as possible to the longitudinal axis of the bar 


CORELATED SHEAR AVERAGES | 
240 70,000 OF ALL BARS 
x at 60,000} 
E 
AVERAGE HARDNESS OF EACH SET < a | 
re) 2 3 4 7 & re) 2 3 4 5 7 
DISTANCE FROM WELD CENTER — INCHES DISTANCE FROM WELD CENTER— INCHES 
Fig. 2 Fig. 3 
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to eliminate any lack of uniformity that otherwise mig}; 
appear. 

Shearing tests were made with an Olsen Shear Bloct 
on a 100,000 Ib. universal testing machine of the same 
manufacture. The hardness tests were made on a Stand- 
ard Brinell Machine, using a standard 10-mm. ball and 4 
standard load of 3000 kg. The readings were made on thy 
impression diameter with the aid of a Bausch and Lom} 
microscope, which incorporated a millimeter scale 
Brinell numbers were determined with the use of a con- 
version scale. 

All the bar components were identified with stock 
numbers, and the unwelded stock bars were treated with 
welded bars made of the same stock. 

The bars of the various treatments were treated as 
follows: 


Tested as welded. 

Stress relieved, and tested; 
two parts at 650° C. 

Tested after oil quenching at 916° C. and tem- 
pering at 510° C. 

Oil quenched at 916° C. and tested. 

. Tested on air cooling from 916° C. centigrade. 


one part at S66° C., 


HO 


Bar ‘“‘bases’’ were chosen for each set for the tabula- 
tion and comparison of the recorded data. The “‘bases’’ 
were the average shear and hardness values of the un- 
welded specimens, taken after the various treatments. 
In some cases, however, where a value, other than the 
average, was found, this value being a more representa- 
tive one was used, because of a closer correlation to the 
actual bar components. Base A was chosen as the base 
to which final comparisons were made, but the individual 
bars were correlated to the base of the set to which they 
belonged, so a correlated average was had for each treat- 
ment. Because of the wide range of hardness values, the 
base was the average value in all cases. 

The data have been correlated on a percentage basis 
to give the information sought. The following compari- 
sons are made: 

1. Average shear and hardness values of the bars of 
the set were compared to the average shear and hardness 
values of set A. 

2. Average shear and hardness values of the various 
bars were compared to the bases of set A. (Fig. 2.) 

3. The average shear and hardness values of the bars 
were compared with their respective bases. (Fig. 3.) 

The shear bases as compared to base A are: Set B, 
99.1%; Set C, 124.0%; Set D, 132.0%; Set E, 104.0%. 
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The hardness bases as compared to base A are: Set B, 
96.5%; Set C, 120.0%; Set D, 112.0%; Set E, 94.8%. 

These values again show the effect of the treatment 
of the unwelded bars. Treatment B shows up poorly, 
in that both shear and hardness properties are reduced, 
as might be expected in a stress-relieving process. Treat- 
ments C and D again prove that there is a lack of corre- 
lation between shear and hardness properties, but show 
that such treatments give an increase in both these prop- 
erties. In neither case might it be said that machining 
was difficult, but again the wide variations along the 
bar must be expected. 

Set E gives a peculiar set of curves in shear. These 
curves do not vary greatly in comparison to set A, base 
A, or their respective bases. The hardness values are 
considerably erratic in all cases, so while the shear prop- 


REVIOUS investigations have indicated that low- 
alloy steels satisfying the physical requirements 
of B.S.S. 548-1934 (37 to 43 tonsf tensile) are 
difficult to weld under normal conditions. They are 
liable to crack in the martensitic region adjacent to the 
weld metal, or develop a dangerously brittle zone. 
Nevertheless, with suitable technique and certain pre- 
cautions, these steels are weldable. For example, they 
can be welded by employing chromium-nickel stainless 
steel or austenitic manganese-nickel rods, by preheating 
the parent metal or by using a heavy gage electrode with 
a heavy welding current so as to lay down a relatively 
large bead. However, it is not practicable in many cases 
to take these precautions. The present investigation 


* Chief Metallurgist and Assistant to Chief Metallurgist, Research Labora- 
tories, Department of Metallurgy, The Tata Iron and Steel Co., Ltd., Jam- 
shedpur, India. Reprinted from the Institute of Welding Transactions 

t British long ton = 2240 Ib. 


erties are very desirable, the hardness properties are 


Weldability of Some Low-Alloy Steels 


By J. S. Vatchagandhy,* and G. P. Contractor* 


TABLE I 


anything but dependable. This treatment is useless if 
the stock hardness properties are to be retained. 

The following facts remain in the treating of 0.20 
carbon steel after welding. 

1. Maximum shearing strength with due regard to 
the large variations encountered, was obtained with oil 
quenching at 900 to 920° C. 

2. Maximum hardness values were obtained with oil 
quenching at 900 to 920° C. 

3. Uniformity of shear values, together with good 
machining properties and low hardness values, was ob- 
tained with air cooling from 900 to 920° C. 

4. Stress relieving from a temperature below the 
critical for this steel produced little change in the prop- 
erties. 


was undertaken with the object of studying the weld- 
ability of a number of experimental steels. 


Steels Used for Investigation 


In all, eighteen steels were investigated, of which, 
fourteen melts were made in a 75-lb. acid-lined electric 
high-frequency induction furnace (H.F.). The remain- 
ing four were from commercial open-heart (O.H.) casts. 
Each H.F. ingot was forged down to 1'/,-in. square 
bars and §/,-in. thick by 2-in. wide flats. The samples 
for analysis were taken from normalized square bars, 
representing approximately 3 in. above the bottom ends 
of the ingots. Both squares and flats were normalized 
from 900° C. and machined afterward to standard tensile 
test specimens. In the case of the four O.H. steels, 


Cuemicat ANALYsis OF ELectrope “M.S.” AND THE FLUX-COATING, TOGETHER WITH PuysicaL Properties oF THE METAL 
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Chemical Analysis per cent. 


“M. S.” Metal | C l Mn p Si S 
041 | 0.029 0.056 0.029 
SiO, | A1,0, FeO | CaO | MgO MnO | MnO, TiO, CaF, | Na,O co, P.O, | sO, 
Coating 34.0 | 11.64| 18.6 | 2.06 | 0.20 Tr. 18.24) 6.36 0.52 | 0.28 | 5.00 ; 3.2 | 0.30 | 0.12 


PuysicaL Properties OF THE ELecTRODE METAL 


M.S. Y.P. 
Tons /sq. in. Tons /sq. in. 


28.0 20.8 21.0 


Elongation %, 
(on 2 in.) 


1. 
a 
a 
aly, 
ii 
| 
ihe: 
| 
| 
| 
RAGES 
- 
| 
| 
| 
T 
7 
-- — —— - 


< 
A 
A 
ae 
is 
are 
de 


e2 


Fig. 1—C-Mn-Cr-Cu, 184 D.P.H. Fig. 2—Mn-Si-Cr-Cu, 176 D.P.H. Fig. 3—Mn-Si-Cr-Cu, 164 D.P.H. 
x 100 x 100 x 100 


: 


4 


Fig. 4—Mu-Cr-Cu, 153 D.P.H. Fig. 5S—Si-P-Cr-Cu, 178 D.P.H. Fig. 6—C-Mn-Cr-Cu, 182 D.P.H. 
x 100 x 100 x 100 


Fig. 7—Mn-Cr- 170 D.P.H. Fig. 8—Cu-Ni, 150 D.P.H. 100 Fig. 168 D.P.H. 


> Lark 


Fig. 10—Mn-Cu-Mo, 175 D.P.H. Fig. 11—Mn-Cu-Mo, 158 D.P.H. Fig. 12—Mild Steel, 152 D.P.H. 
x 100 x 100 x 100 
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Fig. 14—Diagram Showing the Positions of the Sections | and 2 


bend test was employed similar to that adapted by 
Harter and others.* Macroscopic and microscopic 
studies of weld sections were also undertaken. The rate 
of are travel, quality and size of electrode and the di- 
mensions of the test plate, as well as the amount of metal 
deposited, etc., were standardized in order to render the 
results comparable. The welding was carried out by the 
same operator at a room temperature of about 23° C., 
employing */,-in. (S.W.G.6) flux-coated commercial 
mild steel electrodes designated here by letters “M.S.” 
The chemical analysis of the electrode and the flux- 
coating are given in Table I. Physical test results are 

BASE PLATE also included. 
Section X-X During welding, each specimen was fastened to a 
21-in. diameter by 18-in. thick circular steel plate, which 
in turn rested on another heavy steel plate (6 ft. x 4 ft. 
x 2'/, in.) lying flat on the ground. This is shown in 
“as-rolled’”’ material was selected and was given the same Fig. 13. When the weld was completed, the specimens 
heat treatment as mentioned above. The physical test were allowed to cool down to room temperature and then 
data reported here are averages of two or more tests. removed. Single surface beads produce a maximum 
The normalized samples were microscopically examined weld-hardening effect for uniform conditions of welding 
and some of them are illustrated in Figs. 1 to 12. and given plate dimensions. If the single layer produces 
high weld hardness, damage may take place, which is 
a irreparable by subsequent layers. Therefore, the surface 
Weldability bead test has a definite significance in the study of steels 
for welding. For this reason, all the tests were made with 
Weldability was measures by hardness surveys on a_ single bead welds, no preheating being applied to test 
transverse section from the weld, the method being plates prior to welding. Unless otherwise stated, the 
similar to that followed by Warner.' A longitudinal particulars of material and tests selected were as follows: 


Fig. 13—Single Bead and Longitudinal Bend Tests Equipment 


Weld Metal Heat-Affected Zone Parent Metal 
D.P.H. 223 299 255 158 


Chemical Analysis: C Mn Si P Cu Mo 
0.13 0.77 0.20 0.018 0.41 0.53 


Fig.15 


WELDABILITY OF LOW-ALLOY STEELS 


2 
Base 
< 
© 
wy 
-- ‘ | 
4 
a, 
A 
563-5 


Fig. 16—Steel M. Hardness Survey on Section | (#/\. In. from 
the Start of the Weld) 


Flat Dimensions: 8 in. x 2 in. x '/, in. for Hardness 
Tests. 16in. x 2 in. x '/, in. for 
Bend Tests. 

3/16 in. diam. (S.W.G.6) coated mild 
steel 170 amp. 

5 to 7 in. per minute. 

Laid on the center line of the test 
plates, approximately 3'/2 in. of 
electrode consumed in depositing 
a 3-in. long bead; 

Ave. bead size from volume of elec- 
trode = 0.033 sq. in. 

3 in. from one end of plate for hard- 
ness tests. In case of bend tests, 
single beads were laid from one 
end to the other, size of the bead 
being 0.029 sq. in. 

2 in. from one end of test plate in case 
of hardness tests. 


Electrode: 


Welding Speed: 
Surface bead: 
(Hardness Tests) 


Start of bead: 


End of bead: 


Hardness Tests 


Single beads of weld metal 3 in. long were deposited on 
the machined surface of plates 8 in. x 2 in. x '/gin. For 
hardness measurements the plate was sectioned across 
the weld, the sectioned face being ground and polished 
before the hardness determinations were made. In order 
to ensure comparable results, the position of the test 
section had to be standardized since the weld-hardened 
zone varies somewhat in structure and hardness from 
the beginning to the end of the run. The difference is 
quite understandable when it is considered that the bead 
is laid, in the initial stages, on a cold plate, while at the 
finish it is deposited on metal that has been slightly 


preheated. In view of this fact, hardness measurements 
were made on sections across the weld taken from two 
positions, viz., one at about */:5 in. (Section 1) and the 
other at about 1 in. (Section 2) from the start of the 
weld as shown in Fig. 14. The sections were etched with 
2% Nital to determine the extent of weld metal and of 
the heat-affected zone beneath. In all cases cross sec- 
tions through the weld were examined under the micro- 
scope. Figure 15 shows a typical panorama through the 
fusion zone of one of the steels. It is not proposed to 
discuss the alterations in structure of the parent metal, 
as they have frequently been dealt with by other writers. 
In general, the heat-affected zone is essentially martensitic 
with the occurrence of fine-grained parent metal in the 
zone where the temperature was just above Ac; point. 
From the hardness figures it appears that the heat- 
affected zone extends over 3 to 4 mm. on the actual test 
plate. In almost all tests, the maximum hardness was 
located in the plate immediately adjacent to the bead 
at the point where the increasing hardness is produced 
due to quenching from increasing temperatures. 

The hardness test indentations were taken with a 
Vickers Diamond Pyramid Hardness Testing Machine, 
using a 30-kg. load. The indentations were made as 
close together as possible so that the zone of maximum 
hardness should not be missed. In the case of Section 
2 (Fig. 17) indentations were made in a line tangentially 
to the fusion zone, whereas in Section 1 (Fig. 16) they 
were made along the semi-circular heat-affected zone. 
Hardness measurements in Section 2 of some of the 
steels were plotted graphically and are shown in Figs. 
18 and 19. It has been shown by various investigators 
that cracking under conditions of severe mechanical 
restraint may be avoided if a maximum weld hardness 
of 400 D.P.H. or a mean hardness of 350 D.P.H. is not 
exceeded. Although these figures aré true for tests in 
a restrained joint and under standard conditions of 
plate thickness and fillet size, they were adopted for the 
present purpose. For Section 1, the maximum allowable 
hardness on the hardened zone was arbitrarily fixed at 
400 D.P.H. beyond which the weld-hardened zone would 
be undesirably brittle. Therefore, any steel having a 
maximum weld hardness exceeding 400 D.P.H. in Sec- 
tion 1 was considered liable to produce weld cracking. 
Similarly, a value of 350 D.P.H. was arbitrarily selected 
as the permissible maximum weld hardness in the case of 
Section 2. This difference in limiting arbitrary values 
for Sections 1 and 2 was based on the fact that at the 
time of depositing a bead 1 in. away from the start of 
the weld (Section 2), the parent metal was slightly pre- 
heated and the maximum weld hardness would naturally 


ee 
Fig. 17—Steel M. Hardness Survey on Section 2 (1 In. from the Start of the Weld) 
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fig. 18—Graphic Representation of Hardness Survey on 
Section 2 


be less than in the case of a section only */;» in. from the 
start of the weld (Section 1). 


Equivalent Carbon Contents of the Steels 


Values of equivalent hardenability carbon were cal- 
culated from the expression suggested by Dearden and 
O’Neill,* and plotted against the maximum weld hard- 
ness, as shown in Fig. 20. Taking the arbitrary limits 
of maximum weld hardness of 400 D.P.H. and 350 D.P.H. 
for Sections 1 and 2, respectively, it appears under the 
given conditions of test that steels having carbon equiva- 
lent less than 0.44% may not be liable to produce weld 
cracking, although the exact value would depend upon 
the plate thickness, bead size, etc. The carbon equiva- 
lent of 0.44% is an average for Sections 1 and 2, which 
are actually 0.42% and 0.46%, respectively. This is 
evident from Fig. 20. 


Impact Resistance and Quench Hardening Tests 


With the object of studying the impact resistance of 
the weld-hardened zone, and to some degree its ductility 


Steel | 


Fig. 19—Graphic Representation of Hardness Survey on 
Section 2 


/,-in. square test pieces were quenched from 900° C. 
and tempered at 200° C. to relieve quenching stresses. 
Quench hardenability was measured by hardness de- 
terminations on the broken Izod test pieces. Quench 
hardness—equivalent hardenability carbon per cent 
curves were also plotted in Fig. 20. According to this 
curve, the carbon equivalent for a quench hardness of 
400 D.P.H. is about 0.46%. It is significant that this 
value is approximately the same as for Section 1. 


Steels Investigated 


Steels A, B, C, D and E are the chromium-manganese- 
copper type with a high silicon content, the addition of 
which was intended to introduce a non-carbide forming 
alloying element an | at the same time to strengthen the 
ferrite. The data regarding chemical analysis, physical 
properties, maximum weld hardness, etc., are given in 
Table IT. 

Steels A and B with a carbon content of more than 
0.20% give tensile values meeting the requirements of 
B.S.S. 548-1934. Both the maximum hardness and the 
equivalent hardenability carbon values are sufficiently 
beyond the fixed limits to warrant that these 40-ton 
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steels could be easily welded under normal conditions. 
The fact that steels of this tensile strength and carbon 
equivalent do show actual weld cracking, when tested 
under conditions of mechanical restraint, is adequately 
shown in the latter part of the paper. 

In the case of steels, C, D and E with carbon contents 
of less than 0.20%, the tensile strength does not exceed 
the lower limit of B.S.S. 548-1934. The tensile strength 
of these steels is about 34 to 35 tons with the maximum 
hardness of D and E very slightly exceeding the arbi- 
trary limits. They may be taken as well within hard- 
ness tolerances. Although the reported values of equiva- 
lent carbon are lower than the safe limiting value of 
0.44%, it is thought that the real values would be slightly 
higher than those reported here, because in calculating 
them, the carbon equivalent of the silicon present was 
not taken into consideration. This may explain, to some 
extent, why these steels, in spite of having a carbon 
equivalent less than the fixed limit, give maximum and 
mean hardnesses slightly greater than 400 D.P.H. and 350 
D.P.H. The increase would be extremely small in view 
of the fact that silicon is not a carbide-forming element 
and does not raise the tensile figure appreciably. Re- 
garding the resistance to impact (ductility) of the weld- 
hardened zone, steel E has the second highest Izod value 
of the sixteen steels tested and is higher than steels C 


and D. In other words, it may be presumed that the 
zone adjacent to the weld metal in steel E is more tough 
and ductile than similar zones in steels C and D. This 
may be due to the relatively low carbon content (0). 13° 

of steel E. Attention may be drawn here to the opinion 
that hardness alone is no criterion by which to judge 
the weldability of steels, but that the high resistance to 
impact and fatigue which a welded structure should 
possess, should also be taken into account if it has to 
withstand sudden heavy loads or dynamic stresses. 
Quench hardness figures are in all cases less than the weld 
hardness values. This may be due to low temperature 
tempering (200° C.) to which the test pieces were sub- 
jected, although a decrease in hardness at this tempering 
temperature would not be expected. 


Steels F, G, H and R 


Steels F, G and H are essentially carbon-manganese- 
chromium-copper type, satisfying the requirements of 
B.S.S. 548-1934, while steel R is in accordance with 
B.S.S. 15. From the weldability carbon equivalent and 
physical test data (Table II) it is evident that these 
steels (F, G and H) are difficult to weld under general 
conditions. This is further supported by the actual 
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TABLE Il 
Cuemicat Composition, Puysicat Properties, &c., of Steers A. B. C. D. & E. 


Max. Hardness Hard- Izod Calcu 

Chemical composition % f° Sam ¢ 2 | Plate | Plate of weld ness ft.-Ibs lated 
Tons Tons | Elonga-| R.A. | Hard- | Impact junction; D.P.H. D.P.H. W.Q. Equiv. | 
per per | tion on mess Izod W.Q. | 900°C | Carbon | 
| sq. in. | sq. in. | | | D.P.H. | ft.-Ibs. 900°C |D200°C| 


| Sec. 1 | Sec. 2 | D200°C| 


—_ 


| 


0.22 | 1.34) 0.69 0.030 | 0.40) 0.53) 42.0 26.0 28.0 185 45 -— 402 


021 1.27 | 0.60210.026 | 0.37|-053| — | 304 | 238 180 | 45 389 
017 | 1.04! 0.94 0.016 | 0.42| 034; — | 351) 265 | 260 | — 52 | 301 
015) 1.10 | 6.92 0.016 | 0.42/ 0.38; — | 347 | 209 | 270 | 570 | 165 | 43 | 404 | 357 | 389 | 21 
013) 1.25! 0.74 |0.028/ 0.41, 0.38| — 348 | 229 | 20! — 163 | 58 | 409 | 343 | 396 | 30 | 
| 1.12| 0.36710.08 | 023/036) — | 370 | 237 | 199.0, - is | 57 | 446 | 360 | 389 10 | 
1.15) — (0.035! 0.39| — | 404 | 251 | 360 187 49 469 | 379 | 451 | 10 
025 | 1.10| oss} 039} — | 37s | ass | | — | | 49 | 398 | 370 | 9 
023 | 0.68  0.00010.04 | — | - 31.6 | 183 | 280 | 552) 154 | 52 | 3a | 257 | 309 | 9 | 
015 | 0.78 0.17 /0.013| 0.98{ — | 341 | 226 | 250 | 666 | 154 | 66 | a8 | 331 | 408 | 31 | 
0.14 | 0.31 | 0.827/0.174 0.35) — | 366 | 25.2 280 | 580 | 175 — | — | 35 | 375 | — | 
0.12 | 0.25 | 0.62 0.116 | 0.93| 0.40) — 31.9 | 20.9 | 320 | 584 | 165 | 55 | 357 | 304 | 310 | 2 
0.08 | 0.16 | 0.752)0.136 | 1.16 | 0.35 | 33.6 | 221 | 330 | S61 | 174 | 62 | 317 | 260 | 28 | 23 
0.16! 1.11 | 0.19 |0.014 | 0.32| 0.40| 0.64| 362 | 215 | 260 | 580 | 172 | | a8 | 329 | 409 | 17 
0.16 | 0.43 | 0.071 0.015 | nil | 0.99 | oso| 328 | 2.2 | 31.0 | 515 | 153 | 73 | 3 | 266 | 326 | 20 
| | Mo | | 
OAs | 0.75 | 0.20 |0.012 | 0.54 | 0.44 | am 361 | 235 | 21.0 | 576 | 169 | 46 | 425 | 368 | 398 | 22 
O16 | 1.22 | 0.38 /0.016 | Nil | 0.38| 026| 380 | 21.7 | 240 | 494 | 179 | 58 | 425 369 | 402 18 | 
0.13 | 0.77 | 0.20 oo Nil | 0.41| 053| 325 | 194 | 260 | 60.0 | 159 | 7 | 360 | 299 37 . 28 | 


cracking of similar steels when welded in a restrained limits, the cracking test, as will be shown later on, showed 
joint. that this steel can be easily welded. It may be pointed 
The Izod values are remarkably low, indicating that out that in Section 2, the maximum hardness is actually 
the weld-hardened zone is dangerously brittle. Com- below the arbitrary limit of 350 D.P.H. Thus, there is 
pared with the Izod value in the normalized condition, some evidence that tensile strengths of 34 tons per sq. 
the fall in impact resistance is approximately 80%. On _ in. or slightly more may be considered as the maximum 
the other hand, 34-ton low carbon alloy steels show, as__ safe limit or on the border line beyond which commercial 
will be seen from the following pages, considerably less low-alloy steels may produce weld cracking when 
drop in impact resistance in the heat-affected zone. It welded under general conditions. 
is on an average 59% calculated against the original Steels J, K and L are representative of some of the 
Izod values in the normalized condition. Carbon American low - carbon - silicon - chromium - phosphorus - 
equivalent values are also well above the fixed limit, copper type of steels having characteristically high yield 
and therefore these steels are also liable to produce weld ratios. Steels K and L are evidently easy to weld, be- 
cracking. Steel R is a readily weldable plain carbon cause of the low carbon equivalents and the correspond- 
31-ton steel and its inclusion here was intended to make ingly low weld hardnesses. On the other hand, steel J, 
the weldability data as complete as possible. as a result of slightly higher carbon equivalent, and a 
tensile strength of about 36 tons per sq. in., does not 
appear to be easily weldable, although the maximum 
Steels I, J, K and L hardness in Section 2 is only 305 D.P.H. The low weld 
hardness is attributed in part to the thickness of the 
Steel I is a chromium-manganese-copper steel with a plate which was */, in. instead of '/> in. standard used in 
carbon content of 0.14 to 0.20% andachromium content all tests. This was the only steel that was being tested 
of 0.95 to 1.10%. The physical properties, etc., are on a thinner section (*/, in.). It is thought, however, 
given in Table II. From the hardness of the heat- that this steel may lend itself readily to welding in view 
affected zone, it appears that this steel can be considered of its low carbon content, and the carbon equivalent 
weldable. It may be pointed out that, in spite of having which is actually lower than the value derived (0.46%) 
a carbon equivalent, quench hardness value, and maxi- from the maximum hardness vs. carbon equivalent 
mum hardness in Section 1, higher than the fixed safe curve for Section 2, shown in Fig. 20. 
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Steels M and N 


Steel M is a low-alloy nickel-chromium-manganese 
steel. Both the maximum weld hardness and carbon 
equivalent values (Table II) are slightly high for easy 
welding. However, it may be pointed out that it is very 
likely that this steel may be welded successfully in view 
of the fact that the values of maximum weld hardness 
and carbon equivalent are only slightly beyond the fixed 
limits. 

The steel N is an example of a copper-nickel steel with 
low carbon content. The addition of nickel was prin- 
cipally intended to minimize surface checking during the 
hot rolling operation due to the presence of a high amount 
of copper. From the data given (Table II), it is evident 
that the steel is very easy to weld. This steel has the 
highest impact resistance in the mornalized condition. 
However, the percentage fall in the Izod impact value 
in the heat-treated condition is relatively great. 


Steels O, P and OQ 


Steels O, P and Q are manganese-molybdenum-copper 
steels with the maximum specified carbon content of 


Steel M.S. hardness : Description of Crack 
No. Tons ‘sq.in. Section 1) on 1 in. 
> 
Fig. 21—-Steel X. Typical Hardness Measurements on Reeve = 
est Sections. xX 5 D 35.9 404 ww Crack in weld and par' 
E 34.7 409 29 Crack in weld and part 
‘0.20%. Analysis, physical test data, etc., are given in F 36.9 446 31 Ceack in weld and party et 
Table II. In addition to molybden steel O also con- 
I 34.1 418 31 No crack in plate 
tains 0.54% % of chromium. a K 31.6 357 31 No crack in plate: partly cra 
From the maximum weld hardness it is evident that in weld . 
steels O and P are both unsuitable for easy welding, M | 3%! 418 24 Crack in weld and 
whereas steel Q can easily lend itself to welding due to N 32.6 341 32 gp yi 
low weld hardness values of 360 D.F -H. and 290 D.P.H. oO 6.1 425 28 Crack in weld and partly in} 
in Sections 1 and 2, respectively. It is significant that P 377 | 425 27 Crack in weld and partly inp 
the values of maximum weld hardness of these steels (O Q 32.6 360 31 No crack in piate 
and P) are above the arbitrary limits in spite of having cracked aoe . 
. . ? G part 
the equivalent carbon contents closely approaching the R 31.1 321 3” Crack in weld an 
fixed limit. Out of the eighteen steels tested, steel ——— — 
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Fig. 22—Equivalent Hardenability Carbon Per Cent 


may be considered the only one which, in spite of having 
an equivalent carbon of 0.428%, shows pronounced 
weld hardenability. The high impact resistance of steel 
Q in the normalized condition may be due to its rela- 
tively low carbon content coupled with a high amount of 
molybdenum as compared with steels O and P. 


Longitudinal Bend Test 


For the longitudinal bend test, single beads of weld 
metal (Electrode ‘‘M.S.’’) were deposited on the ma- 
chined surfaces of 16 in. x 24 in. x '/2-in. thick plates, as 
illustrated in Fig. 13. The beads deposited average 0.35 
in. (9 mm.) wide and about 16 in. of electrode were con- 
sumed in making a 16-in. long bead. The size of the 
bead calculated from the volume of weld metal deposited 
is approximately 0.029sq.in. The beads were machined 
flat with the plate surface and marks 1 in. defining gage 
lengths were punched along the center. The specimens 
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TABLE 


IV 


CuemicaL CoMPOSITION AND Puysicat Properties or Tensite Quatity ELecrrope “H.T.” 


Type | Chemical Composition % (Metal) M.S. YP. Elongation! 
of | Tons Tons » A 
Electrode Cc Mn | Si P S Cu Cr sq. in. sq. in. on 2 in 

—-- | 

“H.T.” | 0.14 | 0.53 | 0.067 | 0.029 0.005 | 0.18 Trace 39.8 35.0 17 

| Type | Chemical Composition °% (Coating) 
| Electrode | SiO, | A1,03 | Fe,O, | FeO | CaO | MgO | MnO, TiO, | CaF, | NasO. CO, | P,O, | SO, 

“H.T.” | 5.24 | 6.00 | 20.5Fe| 5.80 | 0.10 | 0.08 11.50Mn 47.00 | 0.10 | 1.76 | 1.76 | O13 Trace 


were then bent longitudinally around a pin 1' 2 in. in 
diameter with the weld on the tension surface. None of 
the specimens cracked in this test which was continued 
to a bend angle of about 170°. 

The bends were then further flattened until cracks 
occurred outside the weld, that is, in the heat-affected 
zone of the parent plate. Specimens of steels I and Q 
were the only test pieces which did not crack across both 
the weld and the plate when the bent arms of the speci- 
mens were parallel with the pin in between. In all the 
rest, cracks originated in the weld and propagated slowly 
into the plates. The tests were stopped immediately the 
plates showed signs of cracking so that in no case were 
the cracks allowed to reach the edges of the test pieces. 
The percentage elongation was calculated by measuring 
the elongation on the 1l-in. gage lengths marked on the 
test specimens prior to bending. High ductility of the 
heat-affected zone was, of course, indicated by higher 
figures of percentage elongation. The results together 


TABLE V 


with the manner in which cracking occurred are given 
in Table III. 

Broadly speaking, the results indicate a general tend 
ency for alloy steels to possess low values of percentage 
elongation with the increase of maximum weld hardness 
In other words, the zone adjacent to the weld would be 
more ductile for steels having low values of maximum 
weld hardness. However, the correlation between the 
bend test results and weldability may not be considered 
sufficiently close to allow of exact comparison being 
drawn from longitudinal bend tests alone 


Cracking Test F 


A few low-alloy steels were subjected to the Reeve 
Fillet cracking test. The equipment used was the stand 
ard Reeve Test‘ assembly with a base plate of 1'/:-in 
thickness. Two types of electrodes, ““M.S.”’ and “H.1 


Cuemicat Composition AND Puysicat Properties OF THE STEELS INVESTIGATED. 


Sections t2sted—tin. flat in “as rolled” condition 


375 23.5 22.0 _ 


Chemical composition °%, M.S. Y.P. |Elonga-' R.A. Hard- | 
Tons Tons/ | tion % ness | 
C | Mn a4 8 Cr | Cu | sq.in. | sq. in. |(on8in. D.P.H 
U 0.23 | 0.69 | 0.063 | 0.027 a eee 29.4 16.1 28.0 57.1 147 | 
: | | 29.2 165 | 280 57.7 152 | 
\ 0.08 | 0.16 | 0.752 | 0.132 | 116 | 035 | 334 | 21.7 32.0 50.6 172 | 
| | 33.6 221 33.0 56.1 174 | 
x 0.23 | 1.10 | 0.136 | 0.024 | 055 | 039 | 350. 231. 20. — | 173 
| | 348 229 220 wi 176 


x 0.21 | 1.19 n.a 0.040 | 056 | 034 | 372 
Y | 023 |. 1.25 | 0096 | 0.033 | 0.62 | 0.35 398 | 231 | 190! — | 
Z1 «0.6 | 0.73 | 0.222 | 0.020 | 1.08 | 034 | 33.7 | 232 | 21.0 | 44a | 
| | 34.0 | 208 | 220 | 442 173 
om | 023 | 02% | — | — | | 218 | 100 | | 105 
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TABLE VI 


Reeve Test Resutts, &c., or Steers INvesTIGATED 


| 
M.S. | Hard-' Hardness 


Length Leg Lengt Fillet size (ins.?) Calcu- 
Type | Elec. of ———-— Tons | ness of weld Section | lated 
‘Steel of Gauge Amps elec- | Verti-| Hori- From Byplani-| per (Parent junction showing Equiv. 
| No. | Elec- ; S.W.G. trode | cal zontal VxH_ vol. of | meter |sq.in.| plate D.P.H. cracks i 
trode used V H \|———electrodeincluding \D.P.H. 
(in.) | (ins.) | (ins.) 2 “Run | penetra- —o 
Length”) tion Mean) Max. 
| U |MS.| 6 | 180) 10 | 0.28} 0.35 0.049 | 0.048 — | 29.3] 150 | 245 | 293! nil |0.345 
. M.S. 6 180 10 0.32 0.32 (0.051 | 0.048 — | 33.5) 173 237 269 nil 0.338 

/M.S.| 8 | 140! 12 | — | 006 — | 33.5) 173 | 247 | 274] nil 


0.34 |0.054 | 0.048 35.7 | 1 321 | 383 


6 180! 10 | 0. 75 
0 35.7| 172 | 360 | 434 | 


32 
MS.) 8 | 140 | 12 | 0.25! 0.32 |0.040 | 0.041 | 0.062 | 


% aT 6 180 94 | 0.34) 0.32 0.054 0.046 | 0.090 | 37.2| 177 | 386 | 413 | Test I: 


| 


nil 0.523 
nil 


1,2, 3,5) 0.520 


Test Il, | 
2, 4, 5 
| M.S. | 6 180 94 | 0.28 | 0.32 |0.045 | 0.046 0.096 | 39.8} 180 | 389 | 432 2, 3,4,5 
Y |H.T.| 6 | 180 | 7 0.21 | 0.28 |0.029 | 0.033 | 0.080 | 39.8 | 180 437 | 484 /1,35 
| H.T.| 6 180 , 8 0.25 | 0.31 0.031 | 0.039 0.082 | 39.8 | 180 | 364 | 420*) All 0.562 
H.T. | 6 180 94 | 0.28 | 0.37 |0.052 | 0.046 0.097 39.8 | 180 | 437 | 465 | 1, 2, 3,4 
| H.T. | 6 180 124 | 0.38 0.39 0.074 | 0.064 0.102 39.8 | 180 | 415 | 457 |1,3,4,5 


4 | 0.30) 0.37 0.055 0.046 0.102 | 33.8| 169 | 305 | 320 
| 0.33 | 0.39 |0.065 0.064 | 0.10 33.8) 168 | 306 | 318 | 


nil 0.497 
nil J 
nil 0.478 


Z2 | H.T. 6 | 180 94, 0.29 0.35 '0.050 | 0.046 0.098 38.7 | 185 | 353 400 | 


* This test was carried out after preheating the plate to about 150°C. 


were employed in depositing the test weld. Physical 
properties of rod “‘H.T.,” together with the chemical 
compositions of the metal and the flux coating, are given 


composition and physical properties of these are given 
in Table V. 
From the weldability results assembled in Table VI 


in Table IV. Data regarding electrode ‘‘M.S.”’ have 
already been given earlier. 

The test weld, 6 in. long, was cut transversely into five 
sections for crack and hardness exploration. The sec- 
tions were designated as follows: 


Section 1—'/: in. from the start of the weld. 

Section 2—1'/, in. from the start of the weld. 
Section 3—2'/, in. from the start of the weld. 
Section 4—3'/; in. from the start of the weld. 
Section 5—4'/, in. from the start of the weld. 


The sections were then ground flat, polished and 
etched for hardness determination. The hardness in- 
dentations were made exactly parallel to the junction of 
the weld and the parent metal, so as to be in the mar- 
tensitic weld-hardened zone. Hardness measurements 
were also made at various points on the sections so as to 
determine the hardness of the plate beyond the heat- 
affected zone, as well as in the weld metal itself. This is 
illustrated in Fig. 21. 


4 


Reeve Test Results 


In all six steels representative of British high tensile a 
and mild steels, German steel St. 52 and American high Fig. 23—Steel Y. Macro-Crack in the Heat-Affected Zone. 
yield strength steels were investigated. The chemical x § 
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Fig. 24 x 100 


it is evident that steels U, V and Z1* having tensile 
strengths not exceeding 34 tons per sq. in. do not develop 
cracking when welded by either mild steel of high tensile 
steel electrodes. The mean and the maximum weld 
hardnesses of these steels are appreciably below the 
arbitrary safe limits of 350 D.P.H. and 400 D.P.H., 
respectively. The equivalent hardenability carbon of 
the steels was calculated and plotted against the maxi- 
mum and the mean weld hardness, Fig. 22. The graph 
indicates that for standard conditions of '/2-in. thick 
plate, about 0.046 sq. in. fillet sizef and the overlap 
fillet joint of the Reeve test, the equivalent harden- 
ability carbon of a steel should not exceed 0.50%, if it 
is not to be liable to cracking. According to Reeve® and 
Dearden and O'Neill,* the safe limit of equivalent carbon 
is 0.45% under the given conditions of the Reeve test. 
The higher reported value (0.50%) may be partly due 
to the high atmospheric temperature in India as com- 
pared with that in England.{ Thus, the initial cooling 
conditions being less severe, there would be a tendency 
to raise the permissible percentage of equivalent harden- 
ability carbon. Results also support the findings of 
other investigators that “M.S.” electrodes are less 
liable to produce cracking than are high tensile steel rods. 
For instance, steel X cracked badly when welded by 
“H.T.” electrode, but a similar steel W did not crack 
when welded by ‘‘M.S.”’ electrode. A typical example 
of a macro-crack in the heat-affected zone is shown in 
Fig. 23. Large numbers of cracks, particularly in the 
horizontal leg, were very fine, and were difficult to detect 
without the aid of a microscope. Some of these micro- 
cracks are illustrated in Figs. 24 and 25. Another 
significant observation was that steel Y having a tensile 
strength of about 40 tons per sq. in. showed weld cracking 
even when welded by “M.S.” electrode. This appears to 
place a limit on the tensile strength above which even a 
mild steel electrode may not be effective in preventing 
weld cracking. In other words, it appears that mild 
steel weld metal can only reduce the liability to produce 
weld cracking if the ultimate strength of the parent 
plate is about 37 tons per sq. in. or slightly higher. 
Unless more data are available, this limit cannot be 
fixed. In passing, attention may also be drawn to steel 
Z2. This steel was specified to give the equivalent 
hardenability carbon if about 0.50%, and was intended 
to determine whether a plain carbon steel having that 


* Steel U corresponds to steel R of Single Bead Hardness Test. Steel V 
corresponds to steel L of Single Bead Hardness Test. Steel Z1 corresponds to 
steel I of Single Bead Hardness Test. 

{ See was obtained by the “run length” method of measuring fillet. 
aanere temperature at the time these tests were carried out was 


Typical Micro-Cracks in the Weld Hardened Zone 


Fig. 25 < 100 


carbon equivalent would tend to produce weld cracking. 
All the sections were microscopically examined and 
found to be free from cracks in the heat-affected zone. 
The martensite was more of the massive type than 
acicular as in low-alloy steels. It is significant that the 
tensile strength of this steel is 38.7 tons per sq. in., and 
yet it shows a complete absence of cracking in the weld- 
hardened zone. 

Regarding the effect of electrode size on the maximum 
weld hardness, steels V and W indicate that weld harden- 
ability could be reduced by using a large gage electrode. 
The influence of fillet size on the weld hardenability is 
brought out from the data obtained on steel Y. Fillet 
sizes varying from 0.039 to 0.064 sq. in. were deposited. 
The smallest fillets, as expected, gave the highest values 
of maximum hardness. The results also confirm the 
generally accepted view that a steel tested under rigid 
conditions of mechanical restraint and under standard 
conditions of '/:-in. thick plate, and normal weld size of 
0.045 sq. in., would be liable to cracking if the maximum 
hardness exceeded 400 D.P.H. or the mean hardness of 
350 D.P.H. No attempt was made to study the effect 
of root penetration on weld cracking. In one case (steel 
W) the root penetration, using 8 gage “M.S.” electrodes, 
was poor and it was thought to have developed cracks. 
However, all the sections, in spite of having a maximum 
weld hardness of 434 D.P.H., were free from cracking. 
This may be due either to the use of mild steel rod or to 
the fact that the effect of inadequate root penetration 
is not always adverse. 


Conclusions 


1. Although the Reeve test determines directly the 
tendency of steels to crack, a single bead test does not 
fail to supply useful information regarding weldability. 

2. Under given conditions of '/,-in. thick plate, bead 
size of 0.033 sq. in. (‘‘run length’’) and a single bead 3 in. 
long deposited from a */,.-in. diam. mild steel coated 
electrode, the arbitrary values of permissible maximum 
weld hardness would be 400 D.P.H. and 350 D.P.H. for 
transverse sections cut at */,.in. and 1 in. from the start 
of the weld. Since the single bead test is not carried out 
under conditions of rigid mechanical restraint, as the 
Reeve test is, no cracking was found to occur in the heat- 
affected zone. 

3. Steels which have been known to crack when 
tested under conditions of severe mechanical restraint 
give maximum weld hardness higher than 400 D.P.H. 
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in Section 1 or 350 D.P.H. in Section 2. This, in a way, 
goes to justify the selection of the arbitrary values 
given above. 

4. Maximum weld hardness in Section 1 is on an 
average about 60 points higher than in Section 2. This 
is evidently due to the preheating of the parent plate at 
the time the weld is deposited on the position of Section 
9 

5. In order to render the maximum hardness figures 
of the single bead test comparable to quench harden- 
ability test data, it is thought that the hardness measure- 
ments should be taken on Section 1. Single bead test 
results also appear to be comparable with those of the 
Reeve test, although the fillet size in the latter is greater 
(0.045 sq. in.) than in the former (0.033 sq. in.). This 
may be accounted for on the basis that, whereas in the 
single bead test the intensity of weld hardening is in- 
creased due to a smaller bead size, in the Reeve test the 
same effect is brought into play by the greater mass of 
the parent plates. Actually under identical conditions 
a smaller bead would give greater maximum weld hard- 
ness. 

6. Quench hardenability tests data are, in general, 
lower than the maximum weld hardness values. This 
may be due to the low tempering temperature (200° C.) 
to which the specimens were subjected with the object of 
relieving quenching stresses. It is thought that in the 
absence of tempering, or, say, drawing at a very low 
temperature, the quench hardening figures would com- 
pare favorably with the results of single bead tests. 

7. From the impact test results, it appears that there 
is a distinct tendency for low-alloy steels, having tensile 
strengths less than 36 tons, to show Izod values higher 
than 20 ft.-Ib. when tested in the heat-treated condition 
(W.Q. 900° C.) (D. 200° C.). These are essentially low 
carbon steels. On the other hand, steels having a carbon 
content greater than 0.20% and having a tensile strength 
of 37 to 40 tons per sq. in. have Izod values as low as 
9 ft.-Ib. In other words, if impact resistance is taken to 
be an index of ductility, the heat-affected zone in a low- 
alloy steel of tensile strength not exceeding 36 tons per 
sq. in. can be considered relatively more ductile than a 
similar steel of higher strength and correspondingly 
higher carbon content. 

8. For the single bead test the permissible equivalent 
hardenability carbon is 0.42 and 0.46% for Sections 1 
and 2, respectively. Beyond these values the steel may 
be considered unsuitable for normal welding. The allow- 
able carbon equivalent determined from quench harden- 
ing values is 0.46%, a value similar to that obtained for 
Section 2. 

9. Longitudinal bead test results reveal that steels 
with tensile strengths under 34 tons show relatively 
higher percentage elongations than steels having greater 
strength. However, the correlation is not sufficiently 
close and more data are necessary to be precise on this 

int. 

10. Weld hardenability is principally a function of 
carbon content. In the case of low-alloy steels, the 
carbon content above 0.20% increased welding sensitivity 
to an appreciable extent. It appears that the best maxi- 
mum limit for such steels is 0.17%. 

11. Silicon does not seem to be effective in raising 
tensile strength. 
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12. Reeve test results support the findings of other 
investigators. They are: 

(a) Cracking in a restrained joint may be avoided if 
the maximum hardness at the junction of the 
weld and the parent metal does not exceed 499 
D.P.H. or a mean hardness of 350 D.P.H. 
This holds good for a fillet size of 0.046 sq. in. 
1/»-in. thick plate and other given conditions. 

(bo) Hardenability is influenced by the size of the 
fillet deposited. An increase in size reduces 
the values of the mean and the maximum hard- 
ness, and the weld sensitivity is correspond- 
ingly reduced. 

(c) Large gage electrodes show a distinct tendency 
to reduce the maximum hardness at the weld 
junction. 


(d) It appears that poor penetration may not neces- 
sarily increase the liability to crack. 

(e) Mild steel electrodes help a great deal to reduce 
the sensitivity to cracking of high tensile steels 
However, steel Y having a tensile strength of 
40 tons per sq. in. showed cracking in the heat- 
affected zone, when using a mild steel-coated 
rod. This means that high tensile steels having 
strengths in the higher range may not be free 
from cracking even when welded with mild 
steel rods. 

(f) Equivalent hardenability carbon data indicate 
that for a steel to be generally weldable under 
the given conditions, its carbon equivalent 
should not exceed 0.50%. This value is higher 
than the generally accepted value of 0.45%. 

(g) Since hardness is intimately related to tensile 
strength, it appears from both single bead and 
Reeve tests that commercial low-alloy steels 
having tensile strengths exceeding 35 tons per 
sq. in. would not readily lend themselves to 
general welding without the development of 
dangerously brittle heat-affected zones. 
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Correlation of Metallographic and 
Radiographic Examinations of Spot 
Welds in Aluminum Alloys 


By D. W. Smith' and F. Keller’ 


HE requirements of aircraft manufacturers for 

rapid and economical methods for the jointing of 

parts of aluminum alloys into assemblies have been 
an incentive for many developments in spot-welding 
equipment and technique. As with welding of other 
types, spot welding requires, from the standpoint of both 
development and inspection, some satisfactory method 
for checking the characteristics of the welds. In conse- 
quence, development work on spot welding has been 
evaluated by metallographic examination of spot-welded 
samples prepared under routine and carefully controlled 
conditions.’ * 

Metallographic methods, however, involve sectioning 
of the samples; consequently, such methods are not 
suitable for routine inspection use. On the other hand, 
radiographic methods should be capable of revealing 
many facts about the metallurgical characteristics of 
spot welds or other welds and, in addition, are non- 


* Presented at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct 
15, 1942 

t Metallurgical Division, Aluminum Research Laboratories, New Kensing- 
ton, Pa 
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Fig. 1—-Reproductions of Radiographs of Spot Welds in 0.040-In. Alclad 24S-T Sheet. 


different sizes of weld nugget; whereas, spots h and j were made with small and extra large 


respectively. 


These radiographs were made with the low voltage-fine grain film combination. 


destructive. Obviously, some correlation between the 
microstructural characteristics of spot welds and the 
features revealed by radiographic examination would be 
very desirable. It is the intent of this paper to present 
such a correlation. In addition, a description is included 
of the metallographic technique that is considered the 
most satisfactory for the examination of spot welds. 
Also, variations in radiographic technique are described 
with relation to obtaining the most information from 
radiographs. 

Heretofore, the radiographic method was used chiefly 
to determine the presence of porésity and shrinkage 
cracks. Here, it will be shown that with the proper 
technique, it is possible to determine with a fair degree 
of accuracy the size and shape of the weld nugget in 
addition to other metallurgical characteristics. This 
correlation of the results of metallographic and radio- 
graphic examinations of spot welds should be helpful as 
a guide for establishing standards for inspection of spot 
welds and for future developments in spot welding 
technique. 


d 


i 
Actual Size 
Spots a to d, inclusive, were made under normal conditions and appear identical in so far as the radiographic 
image is concerned. Spots e, f and g were made with different pressure and current conditior 


ons to obtain 
electrode tips, 
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Agta Non-Screen Film. min. exposure atl]0ma. Agfa Non-Screen Film. 5 min. exposure atlOma. Agfa Superay B Film. min. 
and 35 kv. and 25 kv. = 


Agfa Superay B Film. 5 min. exposure atl10 ma. Agfa Superay B Film. 10 min. exposure at 10 ma. 
and 32.5 kv. and 30 


10 ma. and 35 ky. ‘ 


Fig. 2—Radiographs Enlarged 10 Times 
Shows contrast and definition obtained in radiographs when two types of film and different exposures and 


voltages were used. 


Preparation of Spot-Welded Samples 


For this correlation, a large number of spot-welded 
samples were made in Alclad 24S-T and 52S-'/:H sheet 
of three thicknesses—0.020, 0.040 and 0.080 in.—using 
both the alternating current method and one of the 
energy storage methods. 

In preparing these samples, efforts were made to pro- 
duce variations in the following weld characteristics and 
certain typical defects: 


1. Weld diameter. 
(a) Weld depression. 
(6) Fusion zone. 
2. Expulsion of metal from fusion zone. 
3. Cracks. 
(a) Internal. 
(b) Surface. 
4. Porosity. 
5. Projection of alclad coating into weld zone. 
6. Sheet separation. 
7. Extrusion of eutectic to surface. 
8. Intrusion of eutectic. 
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In order to produce the above, the following conditions 
were varied: 


1. Size and shape of tips. 

2. Tip pressure. 

3. Current and voltage. 

4. Surface preparation and cleaning. 


Radiographs were made of all of the spot-welded 
samples. On the basis of these radiographic examina- 
tions, a few of the samples were chosen for detailed 
metallographic examination in order to evaluate the 
significance of the features seen radiographically. The 
choices were made on the basis that the particular 
samples possessed one or more typical spot-welding 
characteristics and were not necessarily typical of the 
particular method of spot welding or of the alloy. 


Radiographic Technique 
The success of the radiographic method for inspecting 
spot welds depends on (1) the production of radiographs 
having high visibility of detail; and (2) the correct 
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Agfa Superay B Film. 30 min. exposure at 10 ma 
kv. and 27.5 kv. 
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interpretation of the various features seen in the radio- 
graphs. The former is accomplished by giving careful 
attention to technique in making the radiographs; 
whereas, the latter will result from correlating features 
seen radiographically with those seen metallographically 
where much data have been accumulated. 

There are available several publications wherein are 
presented detailed discussions on ways and means of 
obtaining clear-cut radiographs of spot welds in alumi- 
num alloys.*. ‘ Here, it seems only necessary to em- 
phasize some of the general principles and to indicate 
the general procedure used in preparing the radio- 
graphs for this correlation. 

The two factors determining the visibility of detail in 
radiographs are contrast and definition. The best 
visibility of detail requires both high contrast and good 
definition. The contrast obtained depends largely on 
(1) the “effective” wave lengths* of the X-rays as they 
impinge on the sample, and (2) the contrast character- 
istics of the film. In general, the contrast is higher the 
longer the ‘‘effective’’ wave lengths and the higher the 
contrast characteristics of the film. The definition ob- 
tained depends largely on (1) the size of the focal spot, 
(2) the distances between the focal spot and the film and 
between the sample and the film and (3) the grain size of 
the film. In general, the definition is better (1) the 
smaller the focal spot, (2) the greater the focal spot—film 
distance, (3) the smaller the sample—film distance (4) 
and the finer the film grain size. 

In practice, certain compromises must be made. As 
the kilovoltage is decreased, compensation is made by 
increasing either the exposure time or the current. Most 
industrial radiographic units are limited to the use of 
relatively low currents for continuous operation; conse- 


* The “‘effective’’ wave lengths are functions of the applied kilovoltage and 
the inherent filtration of the X-ray tube assembly; they are longer the lower 
the kilovoltage and the smaller the filtration. 


quently, the usual recourse, when decreasing the kilo- 
voltage, is to increase the exposure time. From the 
standpoint of routine inspection, such a recourse is 
generally undesirable. However, for the purpose of 
correlation, exposure times as long as 30 min. appeared 
justified. 

Recently an experimental radiographic unit, designed 
specifically for the radiography of thin light metal sec- 
tions, has been constructed by one of the manufacturers 
in this country. This unit is capable of continuous opera- 
tion at very high currents (200 to 250 milliamperes) and 
low kilovoltages. This unit shows considerable promise 
for use in routine radiographic inspection of spot welds 
in aluminum or magnesium alloy sheet. 

The recent introduction of fine-grain high-contrast 
X-ray films by several of the film-producing companies 
in this country has proved a great boon. With only 
minor changes in radiographic technique, these new 
films yield very substantial improvements in contrast 
and definition. Of course, still better results are ob- 
tained if the “low-voltage” technique is combined with 
the use of the new films. 

Figure 1 illustrates a typical radiograph* of some 
aluminum-alloy spot welds made on a fine-grain high- 
contrast film using the “low-voltage” technique. Figure 
2 shows some enlarged radiographs of the same spot 
weld as they appear on two different films and under 
various exposure conditions. It will be noted that there 
was a large increase in contrast and definition obtained 
by changing from the ordinary non-screen type of film 
to the fine-grain high-contrast type; and that smaller 
similar increases obtain as the kilovoltage decreases. 

The radiographic equipment available in the Alumi- 
num Research Laboratories consists*of the following: 

1. A motor generator set of two generators and ex- 


* All illustrations reduced about 15% in printing 


Shows radiographs enlarged ten times with corresponding macrographs of cross sections of th 
These spot welds were made under different we 
ditions in order to produce a small spot (a), a normal sized spot (b), and an extra large spot (c). Th 
ship between the diameter of the weld and that of the image on the radiographs is apparent. 


samples made from 0.040-in. Alclad 24S-T sheet. 


1942 SPOT WELDS IN ALUMINUM ALLOYS 575- 


| 
~ 
+ 
i 
Be 
2 
& 
3 
c 
a b 
3 Keller's Etch. 10 
t_welded on 
ling con- 
relation- 
5 
8 
+ 


Sample Above Are Illustrated by a to h, 


Inclusive 
" a, Normal structure; b, intrusion of eutectic; c, extrusion of eutectic; d, incipient melting of sheet; e, f, and 
g, cast structure in different zones; h, grain boundary melting. Illustrations (b) and (c) are at 100 x; the 
others are at 500 x. Keller's Etch. 

Photograph in center shows in cross section a spot weld made in 0.080-in. Alclad 24S-T sheet with alternating 
current. The two large dark areas in the center are shrinkage cavities. Keller’s Etch. 20 x. 


citers (a 5-kva. generator and its exciter for the 2. A Westinghouse Quadrex transformer (150-kv.) 
high-voltage transformer and a 2-kva. generator with four valve tubes for full-wave rectification. 
and its exciter for the valve tube transformers) 3. A General Electric SP 140 X-ray tube with a 
operated by a 10-hp. synchronous motor. tungsten target, a 1.7- x 1.9-mm. focal spot, and 
Rheostats in the fields of the generators and an inherent filtration equivalent to 1 mm. ol 
exciters control their voltage outputs. aluminum. 
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Fig. 4—Microstructures of Various Zones in the Spot-Welded [Iii peed 


After an extensive series of tests to determine optimum 
conditions for the production of clear-cut radiographs of 
spot welds in aluminum alloys using the above equip- 
ment, the following general procedure was adopted: 

Focal Spot—Film Distance: 19.5 in. 

Cassette: Thin black paper. 

Film: Agfa Superay “B.”’ 

Exposure Conditions 

Kilovoltage: 22.5-32.5 kvp. depending on thickness 
and alloy. 

Current: 10 milliamp. 

Time: 30 min. 

Film Processing 

Development: Standard procedure in Kodalk de- 
veloper. 

Fixing: Standard procedure in Kodak prepared 
fixer. 


Inspection of the radiographic images for a large 
number of spot-welded samples that were made under 
various conditions indicated that differences between 
cast and wrought structures, the presence of segregation 
of eutectic, variations in the amount of material in solid 


solution and even variations in cast structures were 
distinguishable from the radiographs. For some alloys, 
the radiographs will show features that can be compared 
directly with the microstructures. Fortunately, Alclad 
245-T is one of these alloys. Thus, a good correlation 
might be expected between metallographic and radio- 
graphic examinations of this alloy. This correlation 
could be made most satisfactorily when the radiographs 
were enlarged to the same magnification as the macro- 
graphs. The contrast and detail in most of the radio- 
graphs were good enough to permit an enlargement of 
10 times actual size. 


Metallographic Technique 


Effective use of metallographic methods for the 
evaluation of spot-welded samples involves (1) the 
proper selection and preparation of specimens and (2) 
the correct interpretation of the metallographic features. 
Examination of properly polished and etched specimens 
of spot-welded aluminum alloy samples will show the 
size, shape, location and structure of the weld nugget, 


Shows in cross section a spot weld made in 0.080-in. Alclad 24S-T sheet with stored energy. Keller's Etch. 20 x 


Fig. 5—Microstructures of Different Regions in the Spot-Welded Sample Above Are Illustrated at a Magni- 
fication of 500 < by a to d, Inclusive 


e, Grain boundary melting; b, structure of dark zone of weld nugget; c, structure of light zone of weld nugget; 


d, intrusion of eutectic. 
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All structures obtained with Keller’s Etch. 
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Shows in cross section a spot weld made in 0.080-in. 52S-1/.H she 


Keller's Etch. 


et with alternating current. 


Fig. 6—Microstructures of the Several Zones in the Spot-Welded Sample Above Are Shown at a Magni- 
fication of 500 x by a to d, Inclusive 


a, Central part of weld nugget; 
eutectic. Keller’s Etch. 


the structure of adjacent areas, the effects of heat from 
the spot-welding operation and the presence of porosity 
and cracks. Ordinarily, these features are determined 
from the examination of cross sections that are cut 
through the center of the weld zone as determined from 
the electrode impression. Specimens may be mounted 
in Lucite, Bakelite or other suitable mounting material 
for convenience in polishing. 

Preparation of specimens of spot-welded aluminum 
alloys is not difficult when proper technique is employed. 
The methods used for polishing aluminum alloys are 
similar to those employed for other metals except that 
considerable care must be taken in order to avoid surface 
flow and deep scratches. Undoubtedly, there are differ- 
ent procedures by which the preparation of specimens 
can be accomplished. The practices described herein 
have been used at Aluminum Research Laboratories for 
many years and have been found satisfactory for all of 
the different aluminum alloys. The procedure recom- 
mended for the preparation of aluminum alloy samples 
comprises the following operations:®. 7 


(a) Specimen should be cut to a convenient size for 
polishing without causing undue distortion of the struc- 
ture. 
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b, outer portion of weld nugget; 
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c, grain boundary melting; d, intrusion of 


(6) The specimen should be drawn over a sharp 
medium mill file to obtain a truly plane surface and to 
remove any distorted metal from the sawing operation. 

(c) Rub specimen on 180 grain Aloxite paper to re- 
move file marks and successively on Nos. 0, 00 and 000 
metallographic emery papers coated with a solution of 
paraffin and kerosene (50 gm. of paraffin to 1 liter of 
kerosene). Specimen should be turned 90° to previous 
direction of polishing at each step in the polishing proc- 
ess. These operations should be accomplished by hand, 
not by the use of power equipment. 


(d) Polish on a rotating disk covered with ‘‘Kitten’s 
Ear’ broadcloth using a water suspension of 600 alun- 
dum flour. The disk should be operated at about 250 to 
300 r.p.m. In this and in the next step, the specimen 
should be held 2 to 3 in. from the center of the disk. 

(e) Polish finally at 150 to 200 r.p.m. on a rotating 
disk covered with ‘‘Kitten’s Ear” broadcloth using heavy 
magnesium oxide powder. The pad should be kept 
moistened with distilled water and a small quantity of the 
powder should be worked into it with the palm of the 
hand; gritty particles and excess powder should be 
brushed off. Polishing should be continued until the 
striations from the alundum operation (d) are removed. 
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As the polishing operation approaches completion, the the polished surface up for 10 to 30 sec. Then the speci- 
pad should be washed nearly free of magnesium oxide men is washed free of the etching solution in a stream of 
and the specimen should be held on the slowly rotating warm water and blown dry. The prepared surface should 
pad while a copious supply of distilled water is used. The not be touched after etching; otherwise, some of the 
pressure and time required for polishing a specimen are etching products may be removed and the appearance 
influenced by the composition and temper of the speci- would be unsatisfactory. 

men under preparation. 

(f) When a satisfactory polish has been secured, the 


specimen should be washed in a stream of tap water and Structure of Spot-Welded Samples 
dried by blowing the water from the surface. The 
polished surface should not be touched or rubbed against In the spot welding of aluminum-alloy samples, com- 


anything ; otherwise, the finish may be marred. Speci- plete fusion occurs locally at the interface of the pieces 
mens will retain their finish indefinitely provided they that are being welded. Subsequent solidification of this 
are kept in a place where dirt from the atmosphere will fused area results in the formation of a cast nugget be- 
not collect on the surfaces. tween the pieces that are being welded. The size and 
After the specimens are polished, they should be etched structure of this cast nugget are influenced by the type 
to reveal the macrostructure and microstructure. For of alloy and the conditions of welding. The temperature 
most of the aluminum alloys in general use, the following attained during heating, the amount of pressure and the 
etching solution is recommended :* rate of solidification are the most important factors. 
In the cast form, aluminum alloys exhibit a polyhedral 


oe. grain structure with cored solid solution zones and a dis- 
- i oundaries and at interstices of the dendrites. The rate 


of solidification affects the tendency for the formation of 
shrinkage porosity and shrinkage cracks. Changes in the 
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Shows in cross section a spot weld made in 0.080-in. 52S-'/,H sheet with stored energy. Keller’s Etch. 20 x. 
Fig. 7—Microstructures of Several Zones in the Spot-Welded Sample Above Are Shown at a Magnification 
of 500 X by a to d, Inclusive 


a, Normal structure of 52S-'/2H sheet; b, light and dark regions in central portion of cast nugget; c, dark 
coaxial zone; d, intrusion of eutectic along grain boundaries. Keller's Etch. 
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rate of solidification during the freezing of the weld 
nugget produce a number of well-defined zones in the 
weld nugget. These are designated as equiaxed, colum- 
nar and coaxial. The influence of the different types of 
structure on the characteristics of spot welds is not known 
at present but it is believed that it is of much less im- 
portance than factors such as size, shape, soundness and 
freedom from cracking. Spot welds produced by differ- 
ent methods of spot welding will show somewhat different 
structures in the weld nuggets. Thus, for example, it is 
usually possible to distinguish a spot weld made by the 
energy storage method from one made with alternating 
current by the structure of the weld nugget. 

In addition to producing the weld nugget, the welding 
operation causes changes in the structure of the pieces 
being welded in regions adjacent to the weld. These 
changes involve incipient melting of the material, solid 
solution melting along grain boundaries, intrusion of 
material of eutectic composition along grain boundaries 
of the pieces and between the parts and, under some 
conditions, extrusion of material of eutectic composition 
to the surfaces of the parts. 

The microstructural conditions that obtain in various 
regions of a spot-welded sample of Alclad 24S-T sheet 
are illustrated by Fig. 4. This sample was welded with 
alternating current under conditions which produced a 
larger than normal weld nugget for this gage of material. 
The equiaxed and coaxial zones of the weld nugget are 
evident. The layer structure in the coaxial zone is 
characteristic of the weld nuggets made with about 12 
cycles of alternating current. The layer effect is con- 
sidered to result from the alternate heating and cooling 
that accompanies the use of alternating current. The 
difference in appearance of adjacent layers is caused by 
the variations in structure shown in Figs. 4 (f) and 4 (g). 
This difference is mainly the result of changes in the 
dendritic cell size and the arrangement of the con- 
stituent network. The illustrations show also the intru- 
sion of material of eutectic composition along grain 
boundaries of the sheet (Fig. 4 (b)) and the extrusion of 
material of eutectic composition to the surface of the 
sheet (Fig. 4 (c)). Other changes in structure are noted 
in the descriptions accompanying Fig. 4. 

For comparison, the microstructural characteristics 
of a spot weld made between pieces of 0.080-in. Alclad 
24S-T sheet on an energy storage type of spot welder 
are illustrated by Fig. 5. In welds of this type, the multi- 
layered condition in the coaxial zone is generally absent. 
Other microstructural features, however, are similar to 
those shown for the spot weld that was made with alter- 
nating current. The conditions of solidification, how- 
ever, are somewhat different than for welds made with 
alternating current; consequently, the microstructural 
characteristics will be somewhat different in the different 
regions. 

The illustrations given thus far are for the heat- 
treated strong aluminum alloy type of material (Alclad 
24S-T) such as is used chiefly for aircraft construction. 
Spot-welded samples of the non-heat-treatable aluminum 
alloys are represented by Figs. 6 and 7 showing welds in 
52S-'/2H material. Figure 6, for instance, shows the 
macro- and microstructural characteristics of a spot weld 
made on an a.-c. spot welder, and Fig. 7 shows a spot 
weld made between pieces of the same material on an 
energy storage type of spot welder. 

Because of the microstructural characteristics of the 
non-heat-treatable aluminum alloys, the changes in the 
microstructure of the material adjoining the weld nugget 
are not so clearly defined as those in the heat-treatable 
aluminum alloys. 

From the illustrations, it is apparent that much per- 


580-s WELDING RESEARCH SUPPLEMENT 


tinent information regarding the characteristics of spot 
welds made under different conditions can be obtained 
from metallographic examination. Information of this 
character is invaluable in determining the metallurgical] 
conditions affecting the performance characteristics of 
spot welds. 


Correlation of Results 


Examination of the macrographs and radiographs in- 
cluded in Fig. 3 will show that the images on these radio- 
graphs vary in size with a corresponding change in the 
size of the weld zones in the samples. The radiographic 


= 


Fig. 8 

(Top) a, Macrograph of cross section of spot weld in 0.080-in. 
_— 24S-T sheet. Made with a.-c. current. Keller's Etch. 

xX. 

(Center) b, Enlargement of radiograph. The dark ring denotes 
the diameter of the weld nugget. Enlarged 10 x. 

(Bottom) c, Radiograph of slice after enlargement. The shape 
and size of weld zone, the shrinkage porosity, cracks, the alclac 
coating and the layers around the weld nugget as well as intrusion 
of eutectic are evident 10 xX. 
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images are made up of concentric rings of different densi- 
ties. Hess, Wyant and Averbach® have suggested that 
these rings might be related to certain structural com- 
ponents of the weld. This has now been established. 
The rings appear to bear a direct relation to features 
that are revealed by the macrographs. One of the most 
prominent manifestations in the radiographs is an outer 
ring which is less dense than most of the rest of the 
radiograph. The diameter of this ring is generally larger 
than that of the electrode impression or that of the weld 
nugget. From microstructural evidence, it is believed 
that this ring on the radiograph results from a combina- 


(Top) a, Macrograph of cross section of spot weld between pieces 
of 0.080-in. Alclad 24S-T sheet. Made with stored energy. Keller's 
Etch. 10 x. 

b, Enlargement of radiograph. The diameter of the 
dark central zone is the same as that of the weld nugget. 10 x. 

(Bottom) c, Radiograph of slice after enlargement. The shape 
and diameter of the weld nugget and the intrusion of eutectic into 
the 24S-T core are evident. 10 x. 
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tion of several conditions. One of these conditions is a 
gradual increase in the thickness of the cross section in 
this region as a result of endwise plastic flow of metal at 
the interface from applied pressure and heating. An- 
other and perhaps the more important condition is the 
presence of material of eutectic composition that has 
intruded along grain boundaries of the parts. This in- 
truded material may be more or less opaque to X-rays 
depending upon the elements that make up the eutectic. 

If no other features than this light ring were revealed 
by radiographic examination, it would be possible to 
obtain an approximation of the weld nugget size by 
measuring the outside diameter of this ring. Such 
measurements made on radiographs of spot welds in- 
dicate that the outside diameter of this ring is from 1.3 
to 1.5 times the diameter of the weld nugget. Thus, 
simply dividing the value obtained for the diameter of 
this ring by about 1.4 will give an approximate value for 
the diameter of the weld nugget. There appears to be, 
therefore, a definite relationship between the diameter of 
the largest ring shown on the radiographs and the diame- 
ter of the weld nugget. The value of this factor may 
vary somewhat for large differences in electrode shape 
and diameter and the amount of pressure and current 
that are used. It would not, however, be a difficult 
matter to establish a satisfactory value for a given set 
of production conditions. 

The radiographs show, in addition, a large diameter 
narrow ring with an intermediate density or a large 
circular band with an intermediate density. These 
features are illustrated by Figs. 8 (b) and 9 (4), respec- 
tively. They delineate the outside diameter of the co- 
axial zone in welds made with altertAting current and by 
stored energy, respectively. From these features, the 


actual diameter and shape of the weld nugget can be 


determined with good results. The narrow dark ring 
that is shown in Fig. 8 (b) evidently results from a com- 
bination of variations in the cast structure of the several 
layers in the coaxial zone and the projection of the low 
density alclad coating into this zone. The narrow dark 
ring is obtained ordinarily for spot welds made with al- 
ternating current. The wide dark band of intermediate 
density is usually observed for spot welds made by the 
energy storage method. 

The very light scallops around the circumference of 
the large outer light ring shown in Fig. 8 ()) indicate the 
presence of a concentration of intruded material of eutec- 
tic composition like that shown in Figs. 4 (b) and 4 (c). 
Intrusion of streamers of eutectic composition into the 
sheet in an annular zone around the weld nugget is the 
cause of the lighter inner ring shown in Fig. 9 (0). 
Thus, extrusion of material of eutectic composition to 
the surface or intrusion of such material at the interface 
or along grain boundaries in the sheet will, if present in 
sufficient amounts, give rise to very light areas in the 
radiograph. 

Direct comparison of the features that are revealed 
by the two methods of examination can be obtained from 
inspection of the macrographs and radiographs shown 
in Figs. 8 to 11, inclusive. Figure 8 (a), for example, 
shows the macrostructure of a cross section through the 
center of a spot weld between two pieces of 0.080-in. 
Alclad 24S-T sheet. This spot weld was made with 
alternating current. The radiograph obtained for this 
same sample is shown enlarged in Fig. 8 (6); like- 
wise, an enlarged reproduction of a radiograph made of 
a slice 0.080 in. thick from the cross section of the same 
weld is shown enlarged in Fig. 8 (c). 

In addition, the ordinary defects such as porosity, 
shrinkage cracks and expulsion are revealed much more 
clearly by the “‘low-voltage’’ and fine-grain high-contrast 
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Fig. 10 


(Top) a, Macrograph of cross section of spot weld between pieces 
of 0.080-in. 52S-1/zH sheet. Made with a.-c. current. Keller's 
Etch. 10 x. 

(Center) b, Enlargement of radiograph. The dark central zone 
denotes spongy metal. The next lighter zone is not defined sharply 
enough to compare with the above macrograph. 10 x. 

(Bottom) ¢, Radiograph of slice after enlargement. The outline 
of the weld nugget is not evident in this sample. The dark zone 
represents porous metal. 10 x. 


technique than by the usual radiographic method. These 
conditions are illustrated in Figs. 8 (6) and 10 (bd). 
From the illustrations, the relationship of the metallo- 
graphic and radiographic features of the spot-welded 
sample is evident. From such evidence, it appears 
entirely possible to obtain data regarding the size and 
shape as well as soundness of weld nuggets in some spot- 
welded aluminum alloys from the radiographs. Differ- 
ences in the transmission of X-rays through the various 
regions in spot-welded samples of Alclad 24S-T appear 
sufficient in the majority of instances to produce radio- 
graphic images that can be employed to evaluate the 
welded sample. 

Alloys of the non-heat-treatable type do not, however, 
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give as clear-cut radiographic images as those obtained 
for the heat-treatable alloys; consequently, a satisfac. 
tory correlation is somewhat more difficult for such alloy YS. 
Furthermore, it is not always possible to obtain satis- 
factory values for the size of the weld nugget from the 
radiographic images. 


Conclusions 


The results that have been described and illustrated 
in this paper show that there is a direct relationship be- 
tween certain features shown by radiographic images and 
the macrographs for some aluminum alloys. This en- 
ables a good correlation to be made for these two methods 
of examination for such alloys. It has been demonstrated 
that the radiographic method with minor changes in 
technique is capable of providing data concerning the 
size and shape as well as other important metallurgical 
characteristics of spot-welded Alclad 24S-T samples. 
For certain other alloys, only an approximate idea of 
the size of the weld nugget can be obtained by the radio- 
graphic image. Thus, the scope of radiographic examina- 
tion of spot-welded samples can be extended and this 
method should be of assistance in the continued develop- 
ment of spot-welding equipment and spot-welding meth- 
ods. 


Fig. 11—Macrograph of Cross Section of Spot Weld Between 
Pieces of 0.080-In. 52S-'/,H Sheet. Made with Stored Energy. 
Keller's Etch. 10 x 


Fig. 11 (a)—Enlarged Radiograph of the Spot Weld Shown 
Above. The Size of the Weld Nugget Cannot Be Determined 
from This Radiograph with Any Certainty 
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Retrigerant-Cooled Spot-Welding 
Electrodes 


By Dr. F. R. Hensel,* E. I. Larsen‘ and E. F. Holt! 


Introduction 


N recent years refrigerant cooling of resistance-welding 

electrodes has received an increasing amount of atten- 

tion and considerable experimental work has been 
carried out in laboratories and in the welding depart- 
ments of the users of welding machines. More recently a 
number of commercial refrigeration systems have been 
placed on the market for the cooling of resistance-welding 
electrodes. The amount of published information on the 
benefits of refrigerant-cooled welding electrodes is very 
meager. Therefore, the present authors have carried 
out an experimental program in an attempt to determine 
some of the fundamentals of refrigerant-cooled welding 
electrodes. The work reported is, in a sense, a continua- 
tion of their paper entitled, ““Thermal Gradients in Spot- 
Welding Electrodes’ (THE WELDING JOURNAL, 20 (12), 
850-856 (1941)). 
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Table 1—Electrical Properties of Copper and Copper Alloys 
at Low Temperatures 


Specific Resistivity, Electrical Conductivity, 
Microhms/Cm.* % of 1.A.C.S. 
Temp., Cop- Elkaloy Mallory Cop- Elkaloy Mallory 
es per A 3 per A 3 
24 .768 
13 .685 
11 .67 
0 . 597 
544 
—10 .528 
—15 
—20 .468 
—25 .428 
—30 401 
—33 369 
—40 . 292 
—46 . 262 


. 860 
792 


.048 99. 
.972 104. 
.954 105. 
110. 
. 832 114. 
115. 
118. 
120. 
123. 
126 
128. 
136. 
139. 


3.6 85. 
89. 
90. 
93. 
96. 
97. 
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Fig. 1—Electrical Conductivity of Mallory 3, Elkaloy A and 
Copper at Low Temperatures 


Scope of the Investigation 


Since this work was carried out in connection with proj- 
ects of the Aircraft Resistance Welding Committee, the 
experiments were confined to the spot welding of alumi- 
num alloys. Furthermore, it appeared that refrigerant 
cooling would show real advantages in the welding of 
aluminum and its alloys because of the difficulties that 
have been experienced with metal pick-up by the elec- 
trodes. Comparatively high-current densities are used 
in the welding of aluminum and the increased electrical 
and thermal conductivities due to refrigerant cooling 
seem to be advantageous. The authors realize, however, 
that the field may be considerably broader, as evidenced 
by the data recently published on the use of refrigerant- 
cooled electrodes for welding of armor plate and ferrous 
materials. 


Effect of Decreasing Temperatures Upon the Electrical 
Properties of Electrode Materials 


Before proceeding with actual welding tests, it was 
deemed advisable to determine the electrical conductivity 
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of copper and hard copper alloys, commonly used for 
aluminum welding, as a function of decreasing tempera- 
tures. 

The specific resistivity and the electrical conductivity 
are given in Table 1 and are shown graphically in Fig. 1. 
It is evident that there is a substantial increase in elec- 
trical conductivity as the temperature is lowered. Of 
special interest are the values for 0° C., because in some 
instances, refrigerant cooling has been utilized within the 
range permissible with artificially cooled water. The 
electrical conductivity at 0° C. for copper, Elkaloy A and 
Mallory 3, is as follows: 


Copper..............110.52% of L.A.C.S. 
Elkaloy A...........108.5 
Mallory 3........... 93.7 % of I.A.C.S. 


A subzero temperature which is alli obtainable 
with a brine solution is —25° C. At such a temperature, 
the electrical conductivities of the above materials are as 
follows: 


Elkaloy A.. ..-- 115.1 LACS. 
102.8 % of I.A.C.S 
> 
\ 33 
100 
> 100 200 300 400 $00 


TEMPERATURE 


Fig. 2—Electrical Conductivity of Copper as a Function of 
Temperature 


If commercial means could be devised for obtaining 
extremely low temperatures, the electrical conductivity 


could be increased to a value in the neighborhood of . 


1000% of I.A.C.S. as shown in Fig. 2. 

The thermal conductivity of copper also increases with 
lowering temperatures. The increase, however, is quite 
small within the range suitable for practical purposes, as 
may be seen in Table 2. 

There is considerable discrepancy in the literature re- 
garding values for the thermal conductivity of copper, 
but it is quite evident that there is a very steep rise at 
temperatures near — 250° C. 


=3 


Table 1(A)—Tensile Test of Copper Wire, 5-Mm. Diam. 


Temp., Ultimate Tensile 
‘Cc. Strength, Psi. % Elongation 
25 34,100 37 
— 60 36,950 32 
—120 40,500 30 
—180 45,900 31 
Tensile Strip, 3 Mm. Thick 
Temp., Ultimate Tensile 
~—<. Strength, Psi. % Elongation 
16 31,901 35 
— 60 35,530 37 
— 80 37,650 37 
—100 
—120 39,800 7 
— 180 45,500 36 
— 200 
Preliminary Experiments 


The investigations related in this paper were conducted 
primarily to collect theoretical data on temperature dis- 
tributions in resistance-welding electrodes. Compara- 
tive thermal conditions existing during spot welding, 
when using either conventional water cooling of elec- 
trodes or refrigerant cooling, were investigated. The 
resistance welder employed in conducting the preliminary 
work was a conventional a.-c. 100-kva. press-type ma- 
chine. 

Final experiments were carried out on a heavier 150- 
kva. conventional a.-c. press type welder. This latter 
welder, because of its more rigid construction and higher 
pressure and current capacities, was better suited for the 
spot welding of aluminum alloys. 

The authors appreciate the fact that production spot 
welding of aluminum alloys is being done primarily with 
stored energy resistance welders. Our tests have not 
been extended to this type of welding, since the equip- 
ment was not available in our laboratory. 

Electrodes operated at subzero temperatures were 
cooled by a circulated calcium chloride brine solution 
having a specific gravity of 1.28 gm./cc. The brine solu- 
tion was cooled by a refrigerating system consisting of a 
single-stage compressor unit connected to a closed freon 
system. The expansion coils for the gas were immersed 
in a tank containing the brine. By this method it was 
possible to cool the brine to a temperature of —47° C. 
With the brine at this temperature, the welding faces of 
the electrodes could be cooled to —35° C. A schematic 
diagram of the experimental refrigeration setup is shown 
in Fig. 31. A more detailed description of the refrigera- 
tion unit is given in Appendix A. 

In order to obtain the maximum efficiency of cooling 
and to prevent the chilling of the more massive parts of 
the secondary circuit of the welder, a special electrode 
adaptor was designed and is illustrated in Fig. 4. The 
special adaptor was constructed to fit into the No. 2 


Table 2—Thermal Conductivity of Copper at Raat 


Effect of Decreasing Temperatures Upon the Mechani- Temperatures 
cal Properties of Copper Temp., Thermal Conductivity, 
Cal./Gm./Cm./Cm.*/Sec.,° C. 

The information collected from published literature = yn 
discloses increases in mechanical strength properties 20 0.923 
with decreasing temperatures. One investigator reports 0 9.980 
tensile tests on annealed copper strip and wire. The —73.7 1.05 
data in Table 1 (A) is from M. Kuroda (Scientific Paper = i 
No. 393, Inst. Phys. Chem. Research (Tokyo), 19, 163 —250 21.0 
(1932)). = 
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Morse taper of a standard water-cooled electrode holder. 
The flow of the refrigerant was confined to the adaptor, 
while the balance of the electrode holder was water 
cooled in the conventional manner. To prevent the 
formation of ice inside the water-cooled holder, a section 
of thermal insulation was provided at the bottom of the 
adaptor. The use of the adaptor and holder made it 
possible to avoid the frosting of the holder arms and 
platens of the welder. This is quite essential because the 
condensation of moisture or frost on the welder parts, and 
particularly on the steel parts, will cause a rapid corro- 
s10n. 

Water was circulated through the welding transformer, 
arms and main body of the electrode holder, keeping 
these parts at a temperature of approximately +25° C. 

Some of the preliminary welding tests were carried out 
on 17 ST aluminum alloy, 0.040 in. thick. The welding 
surface was prepared by mechanical cleaning, such as 
steel wool with a powder abrasive. 

The electrode design used in all of the welding experi- 
ments is shown in Fig. 5, and the position of the thermo- 
couple in the electrode nose is indicated. 


Elkaloy A metal was used as the electrode material. 
In order to avoid frosting of the electrode tips when 
operating at subzero temperatures, a thin coating of 
glycerine was applied to the tip faces. 


Effect of Refrigerant Cooling on Tensile Properties 


To determine the effect of electrode temperature on the 
strength of welds made under identical welding condi- 
tions, a series of single-spot specimens were prepared to 
test shear strength in tension. The first set was welded 
using water-cooled electrodes, the temperature of which 
was +13° C. before welding. The second set was welded 
using refrigerant-cooled electrodes, the temperature of 
which was —30° C. before welding. The welding condi- 
tions were as follows: 


Weld time.................8 cycles 
Electrode force............ .600 Ib. 
Secondary current......... .22,500 amp. r.m.s. 
Heat control...............100% 


Fig. 4—Special Electrode Adaptor 


Tensile tests on the two sets of specimens disclosed no 
appreciable difference in the weld strength. The follow- 
ing shear strengths were obtained: 


Tensile Strength in Shear, Lb./Spot 
Refrigerant-Cooled Water-Cooled 
Electrodes Electrodes 
450 464 
467 493 
479 480 
466 496 
487 453 


It was found that on the 100-kwa. press-type welder, 
considerable skidding of the electrodes occurred under 
welding pressure. It will be noted that the shear 
strength values aforementioned are comparatively low 
for this particular material and gage. This was due to 
the fact that a sufficiently high secondary welding current 
could not be used because an increase in welding current 
was always accompanied by excessive expulsion of metal 
at the faying surfaces of the materials being welded. It 
was found definitely that the expulsion at higher welding 
currents was caused by the skidding of the electrodes. 

This skidding was caused principally by: 

(a) Transverse movement of the quill due to play be- 

tween the quill and gibs. 

(6) Elastic deflection of secondary members, welder 

arms and electrode holders. 


The effect of skidding was studied in further detail and 
it was found that the welding electrodes, when operated 
under such conditions with no welding current passing 
the electrodes, would pick up a considerable amount of 


~ 


1A. 


Fig. 5—Test Electrode 
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aluminum mechanically. This metal pick-up occurs 
during the first operation. It is quite likely that this 
condition may exist in many commercial applications 
where complaints are registered that the electrodes pick 
up aluminum rather rapidly. Other investigators* 
have recognized the necessity of electrode rigidity. 


Effect of Refrigerant Cooling on Electrode Temperature 
During Continuous Welding 


Continuous welding tests were made at a speed of 50 
spots per minute using water-cooled and refrigerant- 
cooled electrodes. 

During welding, readings of thermal voltage from the 
copper-constantan thermocouple imbedded in the elec- 
trode were observed on a potentiometer. Temperature 
conversions were made from the millivoltage readings and 
in Table 3 are given the results of tests carried through 
100 continuous spot welds on both water-cooled and re- 
frigerant-cooled electrodes. 

The temperature of the water-cooled electrodes prior to 
welding was +13° C., while the refrigerant-cooled elec- 
trodes were at —28° C. While there is an appreciable 
temperature difference between the water-cooled elec- 


Table 3 


Refrigerant- Water-Cooled 
No. of Cooled Electrodes, Electrodes, 

Spot Welds Temp., ° C. Temp., ° C. 
0 —28 13 
10 47 133 
20 54 144 
30 54 146 
40 56 146 
50 56 146 
60 56 146 
70 56 148 
80 59.5 148 
90 59.5 148 
100 59.5 148 


trode, and the refrigerant-cooled electrode, observed in 
Table 3, the actual measured tip temperature with the 
refrigerated cooling appeared to be fairly high at a weld- 
ing speed of 50 spots per minute. 


General Observations from Preliminary Tests 


(a) In using the calcium chloride brine at such low 
temperatures as —40° C., there was a strong tendency 
for the solution to precipitate calcium chloride. This 
was troublesome when it occurred in the holders or on the 
holder tapers. Partial evaporation of the water from the 
brine on the tapers created a very objectionable deposit 
of salt. 

In one instance when the holders were not carefully 
washed following a brine cooling test, it was found that 
with the insertion of new electrodes the secondary current 
output of the welder was reduced by about 18%. 

Careful inspection disclosed that the reduction in out- 
put was caused by the presence of deposited salt on the 
tapers of the refrigerant-cooled adaptor. 

(6) When welding was attempted with a heavy coating 
of frost on the electrodes, holes would be blown into the 
sheets to be welded. This phenomenon may be due to 
arcing, and an instantaneous formation of steam sur- 
rounding this overheated zone. The formation of ice 


* Hess, W. F., Wyant, R. A., and Auerbach, Progress Report No. 5 on Air- 
craft Spot Welding Research. 
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probably prevents the normal penetration of the radius 
face of the electrode into the metal being welded, causing 
the current to flow through a very restricted area. 

(c) In the initial tests continuous welding was carried 
out on aluminum alloy sheets about 10 x 12 in., the weld- 
ing progressing up one row and down another, the guiding 
of the sheet being done manually. 

It was impossible to obtain symmetrical welds and the 
surface appearance of the spot was generally distorted, 
depending on the alignment with which the sheet was 
held. 

In order to produce welds of consistent symmetry and 
uniform indentations, a simple fixture was attached to 
the lower welding electrode which accommodated strips 
1 in. wide. This fixture maintained the position of the 
weld in the center of the strip and held the flat surface of 
the strip in a plane normal to the axis of the electrodes. 
The strips used in the continuous welding tests were 24 
in. long. The fixture may be observed in Fig. 6. 

From the data collected on experiments carried out on 
the 100-kva. welder, it was impossible to draw any defi- 
nite conclusions as to the relative rate of electrode de- 
terioration that might be encountered between refriger- 
ant- and water-cooled electrodes. 

Discrepancies in rate and nature of electrode deteriora- 


Fig. 7—Platen Type Holder and Special Electrode Adaptor 
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tion were wide and varied, and although there seemed to 
be a tendency to improvement in electrode life with re- 
frigerant cooling, it was believed that the skidding and 
movement of the electrodes on the work under pressure 
during welding tended to obscure the true significance of 
the test results. 


Final Tests 


In view of the unsatisfactory conditions on the 100- 
kva. welder, it was decided to make further and more 
detailed tests on the 150-kva. press-type welder. On the 
larger welder it was possible to maintain conditions 
more nearly approaching those ideally suited for alumi- 
num welding. Higher pressures and currents could be 
applied over a greater range and skidding of the elec- 
trodes could be reduced to a negligible minimum. A 
photograph, Fig. 3, is a view of the general test layout. 


Holder and Holder Assembly 


The general arrangement of the holders and electrode 
assembly employed in the final tests is shown in Fig. 6, 
and a sectional view of the platen-type holder and 
adaptor is disclosed in Fig. 7. The holder incorporates 
the same essential features as the adaptor and holder 
described previously, including individual cooling cham- 
bers for water and refrigerant. 

Both the platen holder and adaptor were made as short 
as practical in order to maintain a minimum spacing of 
the welder arms. This was done to reduce the area of the 
secondary loop and thereby obtain maximum output from 
the welder. 


Temperature Recording Device 


Electrode temperature was measured by means of a 
copper-constantan thermocouple, the wire size of which 
was 0.010 in. The thermocouple bead was inserted in a 
*/g, in. diam. hole drilled normal to the axis of the tip 
0.056 in. from the welding face. The bead of the thermo- 
couple was directly below the center of the welding face. 
The emf. generated by the thermocouple was electroni- 
cally amplified so as to cause a deflection on a Brush, 
crystal type, oscillograph recorder. The general set-up 
for measuring the temperature by this means was de- 
scribed in a previous paper by the authors.t It was 
necessary to incorporate considerable refinements in this 
amplifier circuit to make it suitable for measuring small 
temperature differences and to add provisions for record- 
ing emf. of the thermocouple at temperatures below zero 
as well as temperatures above zero, since the polarity of 
the thermocouple changes at 0° C. A detailed descrip- 
tion as well as circuit diagrams and photographs of the 
temperature recording equipment is given in Appendix B. 

Of extreme importance was the insulation of the ther- 


: t Hensel, Dr. F. R., Larsen, E. I., and Holt, E. F., “Therma! Gradients in 
Spot-Welding Electrodes,"’ Tor 20 (12), 850-856 (1941). 
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mocouple bead to prevent impressing a voltage to ground 
on the amplifier input circuit during the passage of the 
welding current. A number of materials were tried as 
insulators and a ceramic having a melting point of ap- 
proximately 500-600° C. proved to be satisfactory. 
A very thin film of this ceramic was melted on the thermo- 
couple bead. With an insulated thermocouple of this 
type, the thermal lag was negligible. 


Test Materials and Surface Preparation 


Material Welded and Preparation 


The material welded during the final tests was 24 ST 
Alclad aluminum alloy and the material thickness was 
0.040 in. 

Immediately prior to any particular welding test the 
surfaces of the sheet were degreased in carbon tetra- 
chloride and subjected to a mechanical cleaning. The 
mechanical cleaning was accomplished by wire brushing 
the sheet surfaces using a 6-inch diameter wire wheel brush 
having 0.003-in. diam. steel bristles and rotating at a 
speed of 3400 r.p.m. 

Following cleaning, the material was welded within a 
period of not longer than 20 min., and in most instances, 
within 10 min. 


Electrode Material and Preparation 


The electrode design was similar to that used in previ- 
ous tests shown in Fig. 5. This electrode design was 
used in the tests because it was a standard adopted by the 
Aircraft Resistance Welding Standards Committee. 

The electrode face was machined to a 2-in. spherical 
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Table 4 


(A) Welding speed.... . .50 strokes per minute 


(B) Welder Sequence 


Squeeze time..................15 cycles 
(D) Welding current................. Approx. 28,000 r.m.s. amp. 
(EZ) Electrode material...............Elkaloy A 

Electrode Hardness...... ..73 Rockwell B 

Electrode Electrical Con- 

.. 87% of 1.A.C.S. 


radius and prior to welding tests the electrode face was 
finished using a paddle-type electrode cleaner. This 
cleaner was faced on both sides with No. 320 Aloxite 
abrasive cloth and the abrasive cloth was backed up with 
approximately 0.098-in. thickness of sheet rubber. To 
polish an electrode, the paddle cleaner was rotated sev- 
eral times back and forth, while the electrodes were 
bearing against each side. 


Welding Conditions 


Welding conditions used in previous tests were not 
applicable for welding 24 ST Alclad due to the occurrence 
of cracks in the spot welds. A new set of welding condi- 
tions was established to produce structurally sound welds 
in the Alclad alloy. The welding conditions standard- 
ized on are itemized in Table 4. 

The shear strength in tension of single-spot specimens 
obtained with these conditions ranged from 740 to 851 Ib. 
per spot. The dimensions of the spot weld may be ob- 
served in Fig. 8 which is a macrograph at 7.5 diameters. 
These welds were free of cracks as disclosed by micro- 
scopical and X-ray examination. 


Temperature Measurements on Welding Electrodes 


The temperature increase during continuous welding 
at 50 spots per minute was recorded for a run of 20 welds, 


Table 5—Temperatures During Continuous Welding 
Water Cooled Electrodes 


Thermocouple Temp., ° C. 


Spot Weld Test A43-1 Test A43-2 
No. Max. Min. Max. Min. 
0 18 18 20 20 
1 51 42 51 45 
2 80 63 80 64 
3 98 75 101 78 
4 111 83 114 88 
5 120 88 121 92 
6 124 93 126 96 
7 130 97 128 98 
8 132 OS 132 101 
9 134 100 132 101 
10 134 100 132 103 
11 134 100 134 104 
12 134 100 134 104 
13 134 100 134 104 
14 135 101 135 104 
15 137 103 136 104 
16 138 103 136 104 
17 139 104 137 105 
18 140 104 137 106 
19 140 104 138 106 
20 140 ; 139 


twentieth weld. 
Test A43-2—18.8 sec. required to return to 20° C. after twentieth 
weld. 
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Table 6—Temperatures During Continuous Welding 


Refrigerated Electrodes 
Thermocouple Temp., ° C. 
Spot Weld Test A42-1 Test A42-2 

No. Max. Min. Max. Min. 
0 —20 —20 — 20 —20 
1 16 12 24 14 
2 46 34 56 36 
3 70 50 80 52 
4 84 58 93 59 
5 93 63 101 63 
6 101 68 106 67 

7 106 72 111 7 
8 108 74 112 72 
a 111 75 114 75 
10 111 77 116 75 
11 111 77 118 77 
12 112 7 118 79 
13 112 7 118 79 
14 115 80 119 80 
15 118 80 119 80 
16 118 80 121 80 
17 120 80 121 82 
18 121 S4 122 83 
19 122 84 123 84 


20 122 124 
Note: Test A42-1—5.8 sec. required to return to 0° C. after 
twentieth weld. 
Ba A42-2—5.3 sec. required to return to 0° C. after twentieth 
w 


using water-cooled electrodes. An oscillogram on one of 
these test runs is shown in Fig. 9. On this oscillogram 
both the primary welding current and the emf. of the 
temperature measuring device are recorded. It is evi- 
dent from this oscillogram that at this welding speed the 
temperature of the welding electrode rises rather rapidly 
for the first 5 or 6 welds, reaching a quasi-equilibrium 
state after about 10 welds. It should further be noted 
that the temperature increases steeply during the time 
the welding current is flowing, and afterward drops 
slightly until the welding current comes on for the next 
weld. The temperature recorder is sensitive enough to 
measure these comparatively slight changes in tempera- 
ture. 

In the water-cooling run the water temperature was 
+18° C. and the water flow rate through the electrodes 
was 1.70 gal. per minute per tip. 

The results of two series of tests are tabulated for water- 
cooled electrodes in Table 5. The tests were repeated, 
using refrigerant cooling of the electrodes. The rate of 
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Fig. 1l—Average from Tests A43-2 and A43-1 Water-Cooled 
Electrodes 
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Fig. 12—Average from Tests A42-1 and A42-2 Retrigerant- 
Cooled Electrodes 


flow of refrigerant through the electrodes was 1.85 gal. 
per minute per tip. The temperature of the refrigerant- 
cooled electrodes at the start of the welding was — 20° C. 
The temperature rise of the electrodes for 20 consecutive 
spots is listed in Table 6. The oscillogram is shown in 
Fig. 10. 

The results of the temperature tests on water-cooled 
electrodes are plotted graphically in Fig. 11, while Fig. 12 
indicates the trend of the temperature rise using refriger- 
ant-cooled electrodes. In switching from refrigerant to 
water cooling, the refrigerant hose was disconnected from 
the electrode adaptor and replaced with the water hose. 
No changes were made in the platen spacing. 

By comparing the temperature conditions obtained 
with water cooling and refrigerant cooling, respectively, 
at the rate of welding investigated, several points are of 
importance. 

1. The maximum electrode temperature attained 
with refrigerant cooling is somewhat lower than the tem- 
perature attained with water cooling. 

2. The maximum temperature obtained with re- 
frigerant cooling at a welding speed of 50 spots per minute 
is approximately 123° C. Since the original brine solu- 
tion had a temperature of —36° C. the temperature 
differential is approximately 159° C. 

The efficiency of the refrigerant cooling at this speed 
does not seem to be too impressive. It was observed, 
however, that the time required (recovery time) for the 
temperature to drop from that attained during welding, 
back to the normal temperature of the brine, was shorter 
in the refrigerant cooling than with water cooling. 
The recovery times were measured directly on the 
oscillograms and while it took approximately 16 to 19 sec. 
for the water-cooled welding electrodes to return to a 
water temperature of 20° C., it took only 5 to 6 sec. for 


the refrigerant-cooled electrodes to cool to 0° C. after 
having reached a maximum temperature of 123° C. 


Relative Rates of Temperature Recovery in Water- 
Cooled and Refrigerant-Cooled Spot-Welding Elec- 
trodes 


In previous tests it was noted that the temperature 
recovery interval following welding using refrigerant- 
cooled electrodes was more rapid than was the recovery 
using water-cooled electrodes. In order to study the 
advantages which refrigerant cooling of electrodes might 
have over conventional water cooling, it was necessary 
to check more closely the temperature recovery time 
and the effect of welding speed. Tests were made to 
investigate the relative time intervals necessary for the 
electrodes, with each type of cooling, to regain a definite 
temperature following a spot weld. The first series of 
tests was conducted using refrigerant-cooled electrodes 
having a normal temperature before welding of —26° C. 

Welds were made at a rate of speed determined by the 
interval of time necessary for the electrodes to recover 
certain temperatures before making the next weld. All 
data were compiled from the temperature recording and 
chart speed on the Brush oscillograph. 

For the refrigerant-cooled electrodes three recovery 
temperatures were established as follows: 


Test A34...... _Interval to recover to — 20° c. 
Test A3S....... Interval to recover to 
Test A35...... _Interval to recover to +25° C. 


Continuous recovery tests were repeated using water- 
cooled electrodes. 


Test A36.........Interval to recover to 25° C. 
Test A37.........Interval to recover to 50° C. 


In Table 8 are tabulated the results of the recovery 
rate tests derived from runs of 20 consecutive spot welds. 
The elapsed time intervals were averaged over the 20 
welds in each test run. During these tests the next suc- 
ceeding weld in any run was made immediately when the 
electrode had returned to a particular recovery tem- 
perature. In all tests the delay, weld and squeeze periods 
were standard as given in the previous Table 4. 

The results indicate that in order to permit the spot- 
welding electrode to recover normal temperatures follow- 
ing a spot weld, relatively slow rates of welding are 
necessary. 

In the case of the refrigerant-cooled electrodes having a 
normal temperature of —26° C., an average of 9.23 sec. 
was required to return to — 20° C. following a weld, and 
the maximum electrode temperature attained in any 
weld was 35° C. 

In the case of water-cooled electrodes having a normal 
temperature of +25° C., an average of 7.16 sec. was 
required to return to 25° C. following a weld, and the 
maximum electrode temperature of any weld was 82° C. 


Normal Coolant 

Electrode Flow Pressure, 
Test Type Temp., Rate, High Side, 
No. Coolant -<¢. Gal./Min. Psi. 
A34 Brine —26 1.85 40 
A33 Brine —26 1.85 40 
A35 Brine —2 1.85 40 
A36 Water +25 1.65 15 
A37 Water . +26 1.65 15 


Table 7 


Maximum 
Temperature 


Average Time 


Recovery to Recovery Average Attained at 
Temp., Temperature, Spots Thermocouple, 
Sec. per Min. Cc 
—20 9.23 6.42 35 
0 3.56 16.27 58 
+25 2.48 23.0 71 
25 7.16 8.25 82 
50 2.2 26.8 95 
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Table 8 
Temp., ° C. at 20 Spots 
Distance Refrigerated Water-Cooled 
Thermocouple from Face, Electrodes Electrodes 

Position mm. Max. Min. Max. Min. 

A 1.41 118 94 134 113 

B 3.05 106 90 127 105 

Cc 4.60 82 70 107 96 

D 6.18 74 50 100 78 


The total temperature differential in both refrigerant- 
and water-cooling tests was approximately the same. 


Temperature Gradient in the Standard Test Electrode 


To investigate the distribution of thermal effects in the 
standard spot-welding test electrode, temperature rise 
measurements were made at predetermined locations in 
the nose of the welding electrode during continuous weld- 
ing. 

Thermocouples were placed in small holes drilled in the 
electrode in a manner similar to that already used and the 
holes were drilled almost to the center axis of the elec- 
trode at varying distances from the welding face. 

The thermocouple bead was located, therefore, at the 
center axis of the electrode. In Fig. 15 a sketch is shown 
of the electrode and the position of the thermocouple 
wells, while in Table 8 the test data are compiled. 

The maximum and minimum temperatures given in the 
table are those taken from the oscillograms after a quasi- 
equilibrium temperature had been established in the 
electrode during continuous spot welding at a speed of 50 
spots per minute. Each test was run through a series of 
20 consecutive welds. 

Figure 13 depicts graphically the maximum and mini- 
mum temperatures attained during welding at various 
distances from the welding face of the electrode when 
employing water cooling, while Fig. 14 shows the condi- 
tions for the refrigerant-cooled electrode test series. 

The maximum and minimum temperature range de- 
creases progressively from the welding face toward the 
water hole for both refrigerant- and water-cooled elec- 
trodes. However, the temperatures reached in the 
water-cooled electrodes were generally about 15 to 25° C. 
higher than in the refrigerant-cooled electrodes at any 
particular point in the electrode. 
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Fig. 13—-Temperature Gradient in Water-Cooled Electrodes, 
Tests A41 
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Fig. 14—Temperature Gradient in Refrigerant-Cooled Elec- 
trodes, Tests A40 


The general contour of the gradient envelope of the 
maximum and minimum temperatures in both cases 
seems similar. 

In some preliminary work on the gradient test runs a 
potentiometer was used to measure maximum tempera- 
ture attained during welding at 50 spots per minute. 
The readings taken from the potentiometer measure- 
ments were always about 20° to 25° lower than corre 
sponding measurements taken from the Brush oscillo- 
grams. Investigation disclosed that the potentiometer 
galvanometer was too critically damped to indicate the 
rapid changes in thermal voltage occurring at the 
thermocouple junction. 

The oscillograph recordings point to the fact that a 
considerable portion of the heat effects in the electrode 
resulted from the joule effect of the welding current pass- 
ing through the electrode material. 


Relative Heat Effects in Electrodes Resulting from 
Material Being Welded and Heat Generated by Cur- 
_rent Flow in Electrodes 


In order to differentiate between the temperature at- 
tained in an electrode due to the conduction of heat 
from the material being welded and temperature resulting 
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Fig. 15—Electrode Used in Gradient Tests 
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Fig. 16--Water-Cooled Electrodes, Tests A54 and A55 


from heat due to the joule effect in the electrode material, 
a series of continuous spot-welding tests were conducted 
on both water-cooled and refrigerant-cooled electrodes 
when welding 24 ST Alclad and when simply permitting 
the electrodes to butt together with normal current flow- 
ing. The test electrodes’ design was then shown in Fig. 
5. The test was conducted as follows: 


1. Twenty continuous welds at a speed of 50 spots per 
minute were made while welding 24 ST Alclad. 

2. Without removing from the machine the electrodes 
were cleaned using a flat electrode tip cleaner to provide a 
*/,¢-in. diam. flat area on both faces. This was done by 
rotating the paddle cleaner between electrodes while 
under a light pressure. The welder was then operated in 
the normal continuous sequence with welding current 
flowing but without having any material between the 
electrodes. Temperature recordings were made through 
20 continuous operations. 


In Fig. 16 the test results on water-cooled electrodes 
are plotted. Tests made with and without welding are 
recorded on the same graph and it is evident that a con- 
siderable portion of the heat effects occurring in the elec- 
trode are due to the generation of heat by the welding 
current passing through the electrode material. From 
curve, Fig. 16, the maximum temperature with water 
cooling during welding was 152° C., while without ma- 
terial being welded it was 102° C. 

The results with refrigerant-cooled electrodes (see 
Fig. 17) indicate that the differential between the tem- 
perature maxima with welding and without welding are 
greater than with water cooling. 


Deterioration of Spot Welding Electrodes as Affected 
by Water Cooling and Refrigerant Cooling 


In spot welding of steel, stainless steel or other similar 
metals having relatively high hardness and strength, 
particularly at elevated temperatures, the electrode de- 
terioration will occur principally through plastic deforma- 
tion or “‘mushrooming”’ of the electrode face. 

Mushrooming results in increased contacting area and 
decreased current pressure densities in the weld area. 
In time, therefore, with continued welding the weld 
strength will decrease below a minimum standard and the 
electrodes must be redressed to the original face contour. 

In the spot welding of aluminum alloys having lower 
mechanical properties than the electrode material, the de- 
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formation of the electrode welding face becomes of sec- 
ondary importance. The electrodes require frequent re- 
dressing or cleaning to maintain suitable standards of 
weld appearance and avoid sticking of the electrodes to 
the work. 

In one case, therefore, deterioration of the electrodes 
results from mechanical causes, while in the other case 
deterioration is due to chemical reasons. In both cases 
the rate of deterioration is a function of the temperature 
at the face of the welding electrode. 

It is reasonable to assume that the maintenance of a 
lower temperature in the electrodes during welding would 
tend to reduce the rate of alloying between electrode and 
aluminum sheet, and thereby reduce the frequency with 
which the electrodes must be cleaned. 

Using the standard electrode design as shown in Fig. 5, 
a series of continuous welding tests were made to deter- 
mine the rate or nature of electrode deterioration using 
water cooling and refrigerant cooling. 


Deterioration of Spot Welding Electrodes at a Welding 

Speed of 50 Spots per Minute 

Test A44 was run making a total of 40 welds on the 
same set of water-cooled electrodes at a rate of 50 spots 
per minute under the established welding conditions. 
At the 20th weld a 20-sec. interval before starting a 
second strip was allowed. 

Test A45 was similar to the previous test, except a new 
set of electrodes was used and refrigerant cooled to a 
normal temperature of —22° C. 

Temperatures attained in Tests A44 and A45 are tabu- 
lated from oscillograph recordings in Table 9. 

Photographs of the water-cooled electrode from Test 
A44 are shown in Fig. 18, and the refrigerant-cooled pair 
from Test A45 are shown in Fig. 19. 

The surface appearances of the spot welds were photo- 
graphed and are listed as the following figures: 


Fig. 20—20th weld in water-cooled test. 
Fig. 21-——40th weld in water-cooled test. 
Fig. 22—20th weld in refrigerant-cooled test. 
Fig. 23——40th weld in refrigerant-cooled test. 


Examination of the electrodes revealed that the “pick- 
up” on the water-cooled electrodes is slightly more severe 
than occurred on the refrigerant-cooled pair. The ap- 
pearance of the spot weld surfaces does not seem to have 
been materially improved by the refrigerant-cooled elec- 
trodes. 
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Fig. 17—-Refrigerant-Cooled Electrodes, Tests A56 and A57 
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Table 9—Temperatures Attained at Thermocouple, °C. 
; Refrigerant- 
=, Water Cooled Cooled 
- Spot Weld Electrodes Electrodes 
es No. Max. Min. Max. Min. 
- Normal 19 19 — 22 —22 
l 55 53 28 52 
2 87 75 64 64 
3 106 90 86 74 
4 122 103 94 7 
5 132 109 102 2 
6 137 113 108 86 
7 139 118 112 88 
8 141 120 116 89 
9 142 121 119 89 
10 144 120 119 8Y 
11 144 120 119 89 
12 144 121 121 89 
13 146 123 121 89 
14 148 123 121 89 : 
15 148 124 121 89 
16 148 124 121 8Yy 
17 149 124 12 89 
18 150 124 121 91 
19 150 124 123 92 
20 150 eae 123 
ae (Twenty seconds interval before welding commenced on second 
om strip) 
ne 21 58 54 24 22 
So 22 90 79 60 49 
23 115 96 82 63 
= 24 128 106 98 75 
25 135 112 108 2 
a 26 139 118 116 88 
2 27 144 120 119 89 Fig. 1 
a 28 148 120 121 90 asia 
me 29 148 121 121 90 
30 150 121 121 90 
WO 31 151 121 121 90) Incipient sticking of the electrodes to the aluminum 
121 sheet occurred at the 10th weld with the water-cooled 
34 electrodes and at the 13th weld with *the refrigerant- 
4 35 151 121 122 93 cooled electrodes. Sticking became more severe as 
oy 36 152 121 122 95 welding progressed, and more pronounced using water- 
152 22 cooled electrodes. For instance, no difficulty was ex- 
perienced in welding at 50 spots per minute using the 
ag 40 154 ar 126 Pr refrigerant-cooled electrodes. On the water-cooled run 
if: it was very difficult after about the 18th weld to keep the 
A44 (Upper) 
A44 (Lower) 
A45 (Upper) 
A45A (Lower) 
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Water-Cooled Electrode Tests 
A46 A50 


Total number welds 25 50 
Normal electrode temperature 
Recovery temperature 

Average time between welds 
\verage spot welds per minute 
Incipient sticking occurred 

lotal number of sticks 

Number sticks to lower electrode 
Number sticks to upper electrode 


20° C. 


aluminum strip moving and the welds spaced properly. 
On about the 25th weld a double weld was made on the 
same spot because it was impossible to break the stick 
loose fast enough. 

Sticking was more pronounced on the upper electrode. 
When sticking was definitely encountered on any particu- 
lar weld, the electrodes in all probability stuck to both 
sides of the materials, but when the electrodes parted, 
the sheet adhered to the tip to which it was stuck more 
strongly. 


Effect of Welding Speeds on Electrode Deterioration Rate 


As a result of the tests just described it seemed that 
the maximum advantages which might be obtained with 
refrigerant cooling of electrodes would not be developed at 
rapid welding speeds. Therefore, a series of welding tests 
were made using water and refrigerant cooling at a rate 
of welding speed which allowed the electrodes to return 
to a normal temperature before each successive weld. 

Three runs were made of 25, 50 and 100 welds for each 
type of cooling. The results of these experiments are 
tabulated in Table 10. 


Incipient sticking occurred after about the same num- 
ber of spot welds regardless of the type of cooling. How- 
ever, the extent and severity of the sticking between 


20° C. 15° C. 
18° C. 


13.7 sec. 


Refrigerant-Cooled Electrode Tests 
A49 A47 A53 A52 
100 
15° a“ — 
10.8 sec. > 14.8 sec. 
5.66 1.06 
12th 12th 
88 20 
2 d 9 


86 11 


electrodes and sheets were always more pronounced in 
the case of the water-cooled electrodes. The surface 
appearance of the spot welds did not seem to be greatly 
affected by different cooling methods. 

Photographs of electrode faces after welding are shown 
in Figs. 24 to 29, inclusive, the various figures corre- 
sponding to the following tests: 


Figure No. of 
No. Cooling Welds 
24 Water 25 
25 Water 50 
26 Water 100 
27 Refrigerant 25 
28 Refrigerant 5 
29 Refrigerant 100 


The photographs indicate that the deterioration of the 
electrodes is less pronounced on the electrodes which 
were refrigerant cooled. 

In most of the tests the upper electrode deteriorated 
more rapidly than the lower electrode. However, no 
measurable skidding of the electrodes could be observed 
and temperature measurements indicated that both 


Fig. 25 
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upper and lower electrodes operated at similar tempera- 
tures. 

“Pick-up” and alloying of the electrode material oc- 
curred usually in the form of a concentric ring around the 
outer circumference of the flat area which developed on 
the electrode face during welding. Figure 29 shows this 
condition on refrigerant-cooled electrodes after 100 spot 
welds. The upper electrode face shows the eroded con- 
centric ring resulting from alloying action of the electrode 
with the aluminum. The material eroded from the elec- 
trode face is deposited on the surface of the spot weld and 
is detected by proper etching. Disturbances in the 
microstructure of the weld were found corresponding to 
the ring formed on the electrode. 

A comparison of Tests A44 and A45 carried out at a 
welding speed of 50 spots per minute with the latter tests 
in which temperature recovery was permitted before each 
weld indicated that a decreased rate of electrode deterior- 
ation resulted when the electrodes were cooled to normal 
temperature before each weld. 


Effect of Squeeze Period Duration on Rate of Electrode 
Deterioration 


Refrigerant cooling is of value only if it is possible to 


keep a superficial layer directly at or below the welding 
face of the electrode at a low temperature. 


é 
Fig. 28 (Top) 
Fig. 29 (Center) 
Fig. 30 (Bottom) 
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Table 11 


Normal electrode temperature. . oo 
Incipient sticking occurred 
Total number of sticks... . 


‘ 18 
Number sticks to upper electrode... 15 
Number sticks to lower electrode................ , 3 


If the sheet to be welded (which is at room tempera- 
ture) is placed against the refrigerant-cooled electrode, 
an exchange of heat occurs between electrode and sheet 
which increases the temperature of the welding face of 
the electrode. 

If the welder squeeze period is relatively short, the high 
thermal conductivity of the aluminum will result in a 
rapid exchange of heat to the electrode raising the tem- 
perature of the electrode face. 

At the time of the initiation of the weld current the 
electrode face may be at a temperature high enough to 
offset any advantages the refrigerant cooling system 
might provide. 

In Test A58 a series of 50 spot welds were made with 
long squeeze and hold periods, using refrigerant-cooled 
electrodes having a normal temperature of —26° C. 
The squeeze period was maintained sufficiently long to 
allow the face to recover temperature during the squeeze 
period and, also, to decrease the temperature of the 
aluminum strip under the electrodes to the electrode 
temperature, before the weld current was initiated. 

The welder sequence was adjusted to the following: 


Squeeze or delay period........15 sec. (average) 


Welding speed................ 2 welds per minute 


The results of the test are shown in Table 11. 

It was found that sticking of the refrigerant cooled 
electrodes was decreased somewhat, both in severity and 
number of sticks because lower superficial surface tem- 
peratures were maintained. The appearance of the 
electrodes from Test A58 is seen in Fig. 30. 


Selective Deterioration of Electrodes 


In practically all tests it was noted that electrode 
deterioration during welding was more pronounced on 
the upper electrode. Several probable causes of this 
preferential attack were investigated and it was found 
that the polarity of the electrode to sheet during the 
first one-half cycle of current flow determined which 
electrode would deteriorate more rapidly. 

The effect of the electrode starting polarity on the 
relative rate of deterioration between either elecirode 
was first expressed to the authors by C. C. Titherington 
of the Eastern Aircraft Corporation. 


Fig. 31—Schematic Diagram of Refrigerating System 
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The welding current timer used in our tests was a 
synchronous control which always initiated the current 
flow from a zero value. Moreover, the current is always 
initiated with the same polarity. Investigation by 
means of oscillograph recordings disclosed that the 
normal starting polarity occurring in the secondary 
circuit rendered the upper electrode anodic (positive) 
with respect to the sheet or lower electrode. 

Continuous welding tests were made using both re- 
frigerant cooling and water cooling in which the current 
was initiated with reverse polarity or making the upper 
electrode cathodic with respect to the sheet during the 
first one-half cycle of the current. 

This effect was accomplished in the timer circuit by 
restricting the rate of voltage rise on the secondary 
circuit of the timer impulse or peaking transformer. 
This prevented the impulse voltage from overcoming 
the grid bias of the time-on start tube during the leading 
cycle but allowed the second half of the cycle to be pulled 
in. 

With this reverse polarity starting, the selective de- 
terioration was transferred to the lower electrode. 

The transfer of the selective deterioration with re- 
versed starting polarity, was very strongly marked and 
it is evident that the electrode that is anodic (positive) 
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Fig. 33—-Maximum Solubility of Anhydrous CaCl, vs. Tempera- 
ture—Solid Phase in Equilibrium 6H,O 
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with respect to the aluminum sheet during the first one- 
half cycle of the welding current, deteriorates at a more 
rapid rate than does the opposite electrode. The selec- 
tive deterioration results in the erosion of copper from 
the electrode face. 

The possibility of electrolytic effects on the erosion is 
being studied. 


Summary 


While the present investigation has been confined to 
the spot welding of aluminum alloys with a specific elec- 
trode and holder design, it can be stated that definite 
benefits can be derived in standard a.-c. welding with 
refrigerant cooling. These benefits might be further 
enhanced by modifying the electrode design. The ad- 
vantages of refrigerant-cooled welding electrodes used in 
conjunction with the stored energy welding processes 
should be studied. Test data so far available indicate 
that the beneficial effects of refrigerant cooling are more 
pronounced in this type of welding. 
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Appendix A 


Refrigeration System for Artificially Cooling Spot- 
Welding Electrodes 
A typical indirect refrigeration system was used and 
the essential features are illustrated by the schematic 
diagram, Fig. 31. 
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Fig. 34—-Calcium Chloride (CaCl,) Brine Chart 


The high-pressure side was a self-contained closed 
direct expansion unit, and the refrigerant in the primary 
side is freon. 

The expansion coils are immersed in a steel tank which 
holds a calcium chloride brine solution. The evaporator 
coil consists of about 150 ft. of */,-in. iron pipe. The 
brine tank was 20-in. diam. by 36 in. deep inside and held 
36 gals. The temperature of the brine is controlled by a 
thermostat well immersed in the center of the brine solu- 
tion. 

The cooled brine solution was forced through the elec- 
trodes and back to the brine tank by a centrifugal pump. 
The inlet pipe was so arranged as to provide a swirling 
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Fig. 35—Circuit Diagram of Amplifier Unit 


sor stirring action to the brine around the evaporator 
coils. 

In operation the by-pass valve shown served to regu- 
late the pressure and rate of brine flow through the elec- 
trodes. When the electrodes are to be removed from 
holders for replacement, the pump motor was shut off 
and the inlet and outlet valves closed. A small drain 
stopcock was used to drain the brine from the holders. 
After the tips were removed the holders, and particularly 
the holder tapers, were flushed out carefully with warm 
water. 

In order to prevent freezing of the calcium chloride 
solution at temperatures as low as —45° C., the concen- 
tration of the salt was adjusted to obtain a specific grav- 
ity of 1.275 gm./cc. to 1.280 gm./cc. measured at 15° C. 

In a commercial installation the specific gravity of the 
brine is maintained as low as practical in order that the 
solution may have a minimum viscosity. With a specific 
gravity of 1.275 gm./ce. at 15° C., the specific gravity of 
the brine at —40° C. would be 1.300 gm./cc. Relative 
viscosities of the brine solution with water are given. 


Specific 
Temp., Gravity, Viscosity in 
Fluid Gm./Cc. Centipoises 
Water 20 0.9980 1.005 


Brine (CaCl) —40 1.300 14.0 


A photograph of the refrigeration system is exhibited in 
Fig. 32. 
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For calcium chloride brine systems the solubility of 
anhydrous calcium chloride as a function of temperature 
is observed in Fig. 33 (International Critical Tables). 

The concentration of calcium chloride and freezing 
point as a function of the specific gravity, according to 
W. H. Motz (Principles of Refrigeration) are plotted in 
Fig. 34. 

Salt brines, although cheap and readily replenished, 
are very corrosive and rapidly deteriorate most base metal 
materials. Brine deposits allowed to remain on welder 
parts may cause serious corrosion, impairing the me- 
chanical or electrical functions of the equipment. 

Furthermore, the calcium chloride brines have a dis- 
advantage in throwing out insoluble,precipitates with 
untreated waters. In both sodium chloride and calcium 
chloride brines if the concentrations exceed 23% and 
33%, respectively, solid salt may deposit out. The 
corrosive action of the salt brines may be reduced by the 
addition of certain chemical buffers and protective col- 
loids. 

Other solutions, many of which are no more corrosive 
than water, may be used as circulating refrigerants. 


CHART No. 4-25 


Fig 36—Oscillograph Calibration Chart Copper-Constantan 
hermocouple 
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Fig. 39—Diagrammatic Layout of Temperature Recording 
Svstem 


Some of these are alcohols, acetone, carbon tetrachloride, 
methylene chloride, glycerine and ethylene glycol (pres- 
tone). 


Appendix B 


Temperature-Recording Instrument and Associated 
Equipment 


In the authors’ previous paper, a temperature record- 
ing system was disclosed to obtain graphical and con- 
tinuous indications of temperature changes occurring in 
spot-welding electrodes. 

The present equipment is similar to that used previ- 
ously, except considerable refinements were incorporated 
in the method of amplifying the thermal voltage so it 
could be recorded on the Brush Crystal Type Direct 
Inking Oscillograph. 

The amplifier unit (Fig. 35) increases the magnitude of 
the small millivoltage generated by the thermocouple, to 
several hundred volts necessary to obtain a suitable de- 
flection of the oscillograph pen. 

A copper-constantan thermocouple was used in all 
tests and a cold junction at 0° C. was provided in order 
that all calibrations could be made from zero millivolt in- 
put at 0° C. Calibration curves of millivolt input for 
both positive and negative polarity, therefore, had a 
reference junction at 0° C. The neutral axis on the 
oscillograph chart (no voltage on crystal element) was 
consequently indicative of 0° C. 

The input signal to the amplifier disturbs the grid bal- 
ance between the two 6SF5 triodes which are initially 
balanced by the 400 R potentiometer with no signal 
voltage. The initial signal unbalances to a greater de- 
gree the first grids of the pair of 6SA7 pentagrid tubes, 
allowing a signal from the 1000-cycle oscillator circuit to 
flow in the plate circuit. The oscillator voltage is about 


15 v. and must be carefully balanced by means of the 
voltage dividers across the oscillator output transformer. 

The 1000-cycle signal is further amplified through the 
6J5 tubes and modulated by the 6L6’s. The output 
transformer signal is rectified by the 45. 

The voltage gain is adjusted by the 500 M potentiom- 
eter ahead of the first 6J5 tube. The 1000-cycle signal 
is virtually unaffected by the low-frequency fields around 
the resistance welder. 

It was necessary to provide a voltage stabilizer in the 
110-volt a.-c. supply ahead of the amplifier to prevent line 
voltage fluctuations from affecting the amplifier calibra- 
tion. 

Balance and calibration were checked using a potentiom- 
eter as a source of input signal and using a vacuum tube 
voltmeter or a 1000-ohm/voltmeter connected across 
the output terminals. 

In some cases when the equipment was allowed to 
stand idle while heated for several hours, there was a 
tendency for the calibration to drift. This, of course, 
was indicated on the vacuum tube voltmeter so that any 
drifting was always apparent. In using higher gain 
ratios, it was found impossible to balance the system 
down to zero output voltage and in order to do this, it 
was necessary to use a 45-v. “C’”’ battery across a 50 M 
ohm voltage divider in series with the output circuit and 
at opposite polarity so that any portion of the battery 
voltage may be utilized to “buck out”’ any residual output 
voltage when the input signal is zero. 

Balancing of the amplifier must be accomplished so 
that the millivolt input signal never drives the output to 
opposite polarity. 

Input leads were twisted to avoid loops and shielded. 
It was impossible to filter out the a.-c. voltage to ground 
at the electrode with welding current flowing, and it was 
necessary to insulate the thermocouple bead from direct 
electrical contact with the welding electrode. 

A typical calibration curve obtained on a particular 
gain setting has been plotted in Fig. 36. 

A photograph (Fig. 37) reveals the recording equip 
ment, including the Double Pen Brush Oscillograph. 
The second pen is used to record the primary current 
magnitude and duration. 

The recorder has three chart speeds which are 5, 25 and 
125 mm. per second, respectively. 

A typical oscillogram on both refrigerant-cooled and 
water-cooled electrodes while welding at 50 spots per 
minute is revealed by Fig. 38. The chart shows 20 con 
tinuous spot welds and in the case of refrigerant cooling, 
temperatures both above and below zero are indicated 
on the same side of the zero axis. The output circuit 
does not indicate opposite polarity but the interpretation 
of the graph is clear by observing the temperature in- 
creasing to zero by falling to the zero axis and increasing 
above zero during the first weld period. 

A schematic diagram (Fig. 39) indicates the essential 
interconnections of the recording system. 
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Arc Welding of Magnesium Alloys 


By W. S. Loose! and A. R. Orban? 


Part I—Welding Variables and Metallurgy 


Introduction 


ii VHE recent development of a practical process for 


the arc welding of magnesium has provided an 

important new tool for the fabrication of struc- 
tures from these light, strong alloys. Through the use of 
are welding, using the inert gas arc process, maximum 
strength joints having exceptionally good corrosion 
resistance may be produced. The range of alloys that 
may be readily welded has been so greatly widened that 
all the commercial alloys may be welded. None of the 
troubles experienced with gas welds, such as the diffi- 
culty of removing entrapped corrosive flux, are had with 
are welds, for by welding under a shield of helium gas no 
flux is required. Because no flux is required, any type of 
joint customarily used in the welding of steel may be 
employed. 

As long ago as 1890, Coffin (U. S. Patent 419,032) 
patented a process for electrically welding in non- 
oxidizing atmospheres but little appears to have been 
done on helium and argon until the General Electric 
Company took out patents in 1930. Hobart (U. S. 
Patent 1,746,081) covered the use of helium, while 
Divers (U. S. Patent 1,746,191) covered the use of argon 
in the are welding of metals under a protective shroud of 
inert gas. Since this time, Doan and his students'~* at 
Lehigh University have reported their extensive in- 
vestigations on the fundamentals of arc welding using 
protective atmospheres of helium and argon. A recent 
patent by Meredith (U. S. 2,274,631), of Northrop Air- 
craft Corp., covers a torch developed to introduce helium 
around a refractory type electrode for the welding of 
metals, special reference being made to magnesium alloys. 

The present process of welding by means of an arc 
between magnesium and a tungsten electrode encom- 
passed by a helium or argon shroud is believed to be the 
first commercial exploitation of this method of welding. 
~ © Presented at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct. 12 
to 15, 1942. Contribution to the Welding Research Committee. The subject 
matter of this paper is in part embodied in pending patent applications. 


! The Dow Chemical Company, Midland, Mich. 
+ Bay City Division, The Dow Chemical Company, Bay City, Mich. 
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Helium Arc Welding Process 


There are several innovations that mark the new 
process as different from the usual procedures. In many 
ways it is similar, in the use of the holder and filler rod, 
to carbon arc welding except that the arc is produced be- 
tween a tungsten electrode and the base metal rather 
than between a carbon electrode and the base metal. 

Both manual and automatic welding have been studied 
to determine the effect of the many variables involved 
in the helium arc welding of magnesium alloys. It is 
recognized that a very high percentage of welding that 
will be done by this process will be accomplished by 
manual operation but, as a research method, hand opera- 
tion involved so many uncontrolled variables that a 
simple automatic welder was made. The results ob- 
tained by the two methods are discussed below. 


Manual Arc Welding 


An example of a typical hand-operated electrode 
holder is shown in Fig. 1. Many variations in this have 
been tried and successfully used, but, the type holder 
illustrated here has many advantages. 

In normal hand operation the helium valve is opened 
just prior to the striking of the arc between the tungsten 
and the magnesium alloy. The arc is struck by a light 
brushing action and quickly drawn back from the metal. 
As soon as the metal becomes molten under the arc, the 
filler rod is advanced to the arc which rapidly bites off 
small pieces of rod. If preferred, the rod may be pushed 
into the molten pool under the are and withdrawn, 
similar to the technique involved in gas welding. Best 
results have been obtained when the rod is evenly ad- 
vanced into the bottom of the tungsten which allows the 
tungsten to rapidly take small bites off the rod. The 
filler rod should be advanced while at an angle of not less 
than 60° to the tungsten and preferably when they are at 
an angle of nearly 90° to each other. When advanced at 
an angle of less than 60° to the tungsten the rod becomes 
so hot, due to reflected heat from the tungsten, that it 


Fig. 1—Helium Arc-Welding Torch as Used for Magnesium Alloys 
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Fig. 2—Automatic Equipment Used in Study of Arc-Welding 
Variables 


may become molten and fall down in large globules which 
causes very uneven beads and decreases penetration. 


Automatic Arc Welding 


Due to difficulties encountered in controlling pene- 
tration, arc length and traverse rate with hand welding, 
automatic equipment was developed so that the effect of 
variables such as current, travel rate, etc., might be 
studied. Figure 2 is a photograph taken during the 
actual arc-welding operation to show the equipment used 
in this study of the fundamental effect of arc-welding 
variables on the welding of Dowmetal sheet. 

A '/y-hp., constant speed, cone drive motor through a 
gear reduction chain drive system runs the drive wheel 
which is located directly behind the electrode cup through 
which the helium passes around the tungsten electrode. 
Travel speeds of 0.1 to 6 ft. per minute may be obtained. 
The electrode and cup may be raised or lowered readily. 
Two small Bakelite-bonded wheels connected to the back 
of the motor platform follow a track at the back of the 
platform. This track in turn may be shifted foreward or 
back on either end (by means of a long threaded screw 


through a connection to the track) to follow the edges of 
the butted plates under the hold-down bars. 

The welding table is made in two parts (one movable) 
to allow an open space under the are so that penetrating 
metal may drop through. The welding current is ad- 
justed by means of a wire-wound rheostat mounted on 
the table and connected to the field of the generator. 
Current is read on a meter mounted on the platform in 
such a way that the operator may view it by the light of 
the arc. Timing is recorded by an electric self-starting 
clock which is operated by a switch under the operator's 
foot. 

In the initial operation of this machine the filler rod 
was fed into the are by hand, but it was found that the 
bead shape had such a great effect on the strengths ob- 
tained that an automatic rod feed was installed as shown 
in the photograph. 

The filler rod should be fed into the white-hot ball on 
the end of the tungsten at an angle of at least 60° away 
from the tungsten and, for smoothest beads, should be 
fed in almost parallel to the plate being welded. The 
automatic feed, like the traverse feed, is run by a con- 
stant speed cone drive motor through a reduction gear 
and a chain drive. Rod feeds of 3 to 60 in. per minute 
may be obtained. Perfectly symmetrical beads may be 
produced using this equipment. 


Electrodes 


The tungsten electrode used in the are welding of 
Dowmetal may vary from */ in. to at least '/, in. in 
diameter, depending on the amount of current required 
to obtain the necessary penetration. A curve relating 
the size of the various electrodes to the approximate 
minimum and maximum values of current at which each 
electrode will successfully maintain an are but will not 
become so overheated that it becomes molten and falls 
off is shown in Fig. 3. 


Helium 


The following is a typical analysis of commercial helium: 


TUNGSTEN SIZE VS APPROXIMATE MINIMUM 
& MAXIMUM CURRENT TO BE CARRIED BY 


O91" SHEET - 
VARIOUS SIZE TUNGSTEN ELECTRODES 


1/8" TUNGSTEN - 


ARC WELDING JH ALLOY 
CURRENT VS. STRENGTH 
AUTOMATIC WELDING 


ARC WELDING JH ALLOY 
CURRENT VS. FILLER ROD 
.091" SHEET= AUTOMATIC WELDING 


J FILLER ROD V8" TUNGSTEN -1/8"0 FILLER ROD 
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Fig. 3—Range of Currents Allowable 
for Different Size Tungsten Electrodes 
for Arc Weldin 
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Fig. 4—Curve Showing Tensile 
Strengths vs. Currents and Speeds 
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Fig. 5—Amount of '/,-In. Filler Rod 
Required to Make Welds with Different 
0.090-In. Dow- Currents and Traverse Speeds 
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Helium 98.0% 


Water 0.029% 
Carbon dioxide 0.2% 
Unsaturated Nil 
Hydrogen 0.2% 
Nitrogen 1.6% 
Hydrocarbons (CH,) Nil 


These gases other than helium, if present in excess, may 
cause pronounced effects. Water vapor breaks down 
under the arc to give hydrogen and oxygen; this hydro- 
gen is absorbed by the extremely hot molten metal under 
the arc, then released when the metal cools, producing 
extremely bad porosity. Hydrogen itself, when present 
in the helium, produces the same results. Oxygen forms 
a film on the metal causing poor coalescence and inclu- 
sions. The presence of 7% nitrogen in the helium re- 
duces the welding speed to about two-thirds that ob- 
tained when only 2% is present. 

The porosity obtained when magnesium alloys are 
welded under helium containing an excess of hydrogen 
looks like that often found in arc-welded steel and known 
by various names, as “fish eyes,”’ etc. Even as little as 
0.3% hydrogen has been known to cause porosity when 
welding cast alloys. 

All of these diluent gases with the exception of nitro- 
gen may be eliminated by passing the helium from the 
tank through a train consisting of copper oxide main- 
tained at 700° C., calcium maintained at the same tem- 
perature, Ascarite and magnesium perchlorate. 

The cupric oxide oxidizes hydrogen to water and car- 
bon monoxide to carbon dioxide, the calcium absorbs 
excess oxygen, the Ascarite, which is a caustic base com- 
position, absorbs carbon dioxide, while the magnesium 
perchlorate is an extremely efficient drying agent. 

Normally helium as purchased from the U. S. Govern- 
ment plant is sufficiently pure that no removal of the 
diluent gases is required. Apparently due to the settling 
of impurities in the tanks, it is sometimes necessary to 
discard the tanks when about 20 lb. pressure remains. 
The development of porosity in the welds will determine 
whether this is necessary. 


Helium Cups 


The shape of the helium cup may vary widely. A 
straight-sided cup made of a piece of steel tubing and 
insulated from the current yields excellent results for 
either hand or automatic welding. A cup tapered at the 
outlet has advantages for visibility of the arc. For 
automatically fed units, less helium may be used if an 
oblong cup shaped so that the rod is fed into the long side 
is used. In automatic welding the cup may be placed 
very close to the sheet, thus greatly reducing the amount 
of helium required to prevent oxidation of the metal 
under the arc. 

For tungsten electrode sizes of */3 to */1. in., a 7/15 to 
*/, inch I.D. helium cup is large enough, but for the 
'/, in. tungsten, a */, in. I.D. cup should be used. 

The size of the cup used makes little difference on the 
quantity of helium required when using */ to */i. in. 
tungsten electrodes and 7/1, to */, in. helium cups. 
When using the '/, in. tungsten and a 1 in. I.D. cup, 
slightly more helium must be used. 

The effect of the distance of the helium cup from the 
plate on the quantity of helium required to prevent 
sufficient oxidation to produce a gray oxide is shown in 
Table 1. These data were collected using a 7/i in. I.D. 
cup and a '/s in. tungsten electrode. 

It is readily seen that the distance from cup to sheet 
should be held as small as possible. With automatic 
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Table | 


Helium Required 
Liters/Min Cu. Ft./Min 
1/ 3.8 0.1 
0.16 
0.2 


Ul bo 


‘equipment on flat single pass welds, distances of '/; in 


may be easily used. 


Effect of Welding Variables 


In the are welding of magnesium alloys using a tung- 
sten rod, advantages are obtained when a very short arc 
is held. Using a '/s in. tungsten arc lengths up to about 
0.100 in. may be held but best results are obtained when 
the distance of the tungsten to the top of the plate is no 
greater than 0.060 in. Under these conditions, if there 
is a thin oxide film on the metal under the arc, the swirl- 
ing action of the metal will normally be great enough to 
break up this film and produce a homogeneous structure. 
If too great electrode distances are used, the arc plays on 
the filler rod too much and the metal lies so quietly in the 
bead that these films may not be disturbed and poor pene- 
tration or gas holes may result. Too much emphasis 
cannot be placed on welding thoroughly clean surfaces. 
The oxide film should be removed within a short time 
before welding. 

Speeds of 0.1 to 2.0 ft. per minute have been used. 
Best results, especially on alloys which tend to be hot 
short are obtained when relatively high bead speeds are 
used. Under these conditions there is less heat flow and 
annealing of the adjacent area. The more rapid chilling 
of the deposited metal cools this and the adjacent metal 
through the hot-short range so rapidly that the danger 
of cracks is largely eliminated. 

With increase in speed, increased currents are natu- 
rally required to get complete penetration. The curve, 
Fig. 4, shows tensile strengths versus the currents and 
speeds that may be used for welding 0.090-in. Dowmetal 
J alloy (a magnesium base alloy containing 6% alumi- 
num, 0.7% zinc and 0.2% manganese) with various 
electrodes. The amount of filler rod required to make 
these welds is shown in Fig. 5. 

When welding thicknesses greater than '/s in., multi- 
pass welds are normally used. Good single-pass butt 
welds have been made on plates up to °/,. in. thick using 
a '/, in. tungsten electrode, but the narrow melting range 
of the magnesium alloys makes the effect of traverse 
speed and current so critical at these thicknesses tisat it 
is not recommended. It is extremely difficult, even when 
fit-up of the joint is perfect, to control closely the shape 
of the bead and to get maximum strength from the joint. 


Effect of Alloy Composition on Welding Variables 


Due to the fact that in the present arc-welding method 
welding rates higher than those of gas welding are pos- 
sible and that no flux is used, all commercial Dowmetal 
alloys are readily arc welded although there are certain 
precautions required on those alloys of the more hot-short 
type. 

All of the Dowmetal alloys that are normally rolled, 
such as M, FS and J, are very readily arc welded. No 
trouble, such as cracking, is normally experienced. They 
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may be welded over wide ranges of current, speed and 
rate of adding filler rod, and with widely differing types 
of fabricated articles. When making single-pass welds 
on Dowmetal M alloy (magnesium with 1.5°> man- 
ganese added) due to its narrow melting range and 
higher melting point, a more critical control of current 
and travel rate is needed than for alloys containing 
aluminum and zinc, and a slightly higher current is re- 
quired to weld the same thickness. The more critical 
requirements of this alloy are entirely due to the fact that 
the molten weld metal will drop away from the sheet 
more readily. The other Dowmetal alloys available in 
rolled form, as typified by J alloy, may be welded under 
quite varied conditions, as is shown in Fig. 4. 

Higher alloy content magnesium alloys containing 
aluminum and zine have a greater tendency to be hot 
short due to the greater amount of lower melting point 
compound solidifying in the grain boundaries during 
cooling. The effect of the zinc content is especially 
pronounced in this respect and appears largely to govern 
the weldability of the alloy. The alloys containing 7 to 
10% aluminum and up to 1% zinc may be termed 
mildly hot short, being more critical than J alloy but 
much less critical than the alloy group containing 6 to 
10% aluminum and 1 to 3% zinc. 

Extruded, rolled or cast magnesium alloys containing 
7 to 10% aluminum and 0.5 to 1.0% zinc may be readily 
are welded by using a slightly higher current and trav- 


Mg + 1.5Mn Alloy 


Mg + 6A1 + 0.7Zn + 0,2Mn Alloy 


Fig. 6—Macrographs and Micrographs of Arc-Welded Dowmetal M and J Alloy Sheet 
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erse speed than that normally employed for J alloy. As 
a general guide, a minimum speed of about 6 to 8 in. per 
minute is recommended. At this rate the arc is moved 
away from the molten metal rapidly enough that the 
adjacent cold metal quenches the weld through the hot 
short range rapidly and prevents incipient fusion and 
cracking of the weld or immediately adjacent metal. 

The magnesium alloys of the higher zine group, con- 
taining 6 to 10% aluminum and | to 3°) zine are much 
more hot short; to weld them successfully the metal 
under the arc must be very rapidly chilled. When 
welding extruded alloys, a minimum traverse speed of 
about 12 in. per minute should be used. To get complete 
penetration at this speed, currents of 90 to 130 amp. 
must be used on a */x. or '/, in. tungsten electrode. 
Currents of 110 to 130 amp. are most satisfactory due to 
the resulting greater fluidity of the metal, which greatly 
decreases the chance of improper penetration and break- 
up of the oxide films on the metal. 

It has also been found that the strength of welds in 
these higher alloy content magnesium alloys is more 
seriously affected by minor imperfections such as oxide 
lines or porosity than lower alloy content materials. 

The welding of cast magnesium alloys, such as Dow- 
metal H or C alloys of the high alloy content group, is 
more difficult than the welding of extruded alloys due to 
the larger grain size of the metal, the greater amount of 
porosity, and to the presence of the large globules of 
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Fig. 7—Macrographs (3) and Micrographs (100) of Arc-Welded Dowmetal H Alloy in the As-cast (A), 
Solution Heat Treated (B) and Solution Heat Treated and Aged (C) Conditions 


compound formed between the grains. The first two 
factors tend to weaken the metal while it is hot; the 
intergranular compound, due to its lower melting point, 
is extremely weak at elevated temperatures and tends to 
crack while the higher melting point matrix of the metal 
is undergoing shrinkage. 


Corrosion 


The presence of an arc weld in a magnesium alloy 
would never become known under normally corrosive 
conditions. It is found, however, in salt water tests that, 
unless highly corrosion-resistant magnesium alloys are 
used, there is a tendency for the original metal to pit 
slightly in the area adjacent to the weld in either cast or 
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wrought alloys. Apparently, the weld bead is slightly 
cathodic to the adjoining metal. The amount of pitting 
adjacent to the bead appears to be almost a direct func- 
tion of the corrosion resistance of the material being 
welded. 

In practice, the welding rod is chosen to have the same 
alloy composition as the original base metal being 
welded, but, from the corrosion standpoint, only two 
types of alloys have to be taken into consideration. 
When welding Dowmetal M alloy (magnesium with 
1.5% manganese) only filler rods of the same alloy 
should be used. When welding magnesium alloys con- 
taining aluminum or zinc, M alloy filler rod should not be 
used, but a rod of any alloy composition containing 
aluminum or zinc may be used without apparently 
affecting the corrosion rate. The binary magnesium- 


DECEMBER 


mi 
co 
in 
th 


NE 

b 

e 

g 

“3 


manganese alloys are more electro-negative than alloys 
containing aluminum or zinc so that the former will go 
into solution preferentially in salt water corrosion, due to 
the potential difference set up between the two alloys. 


Metallography of Arc-Welded Magnesium Alloys 


A macrographic and micrographic study of welded 
joints has been made for all the Dowmetal alloys. Some 
of the photographs taken of typical alloys are shown in 
Figs. 6 and 7. A 10% tartaric acid solution was used for 
etching the specimens for the macrographs, the time 
being 20 sec. The specimens for micrographs were 
etched 5 sec. in a solution composed of 60 parts ethylene 
glycol, 20 parts acetic acid, 1 part nitric acid and 19 parts 
water. 

For M alloy, Fig. 6, it will be noted that there is a 
considerable amount of grain growth in and adjacent to 
the weld. This accounts for the lowering in strength ob- 
tained with this alloy using either arc or gas welding. 

The extremely fine grain size obtained in the bead on 
welding J alloy sheet is also shown in Fig. 6. There is 
practically no grain enlargement adjacent to the bead. 

The effect of welding on the structure of cast H alloy 
in the as-welded, solution heat treated, and solution heat 
treated and aged conditions after welding is shown in 
Fig. 7. 

From these pictures it may be concluded that, with 
the exception of the magnesium-manganese alloys, the 
weld metal is extremely dense and fine grained and that 
there is a minimum of heating effects on the adjacent 
metal. This accounts for the very good weld efficiencies 
obtained on are-welded magnesium alloys. 


Strength of Arc-Welded Magnesium Alloy Joints Butt 
Welded 


The strength of helium arc-welded butt joints is given 
in Table 2. To obtain these values, it is extremely im- 
portant that sufficient current be used to keep the metal 
fluid under the arc so that adjoining beads flow into one 
another to form a smooth radius. The effect of welding 


Table 2—Arc-Welded Magnesium Alloys—Tensile Data 


Dow- Composition, % Condition 
metal Balance Mg Before 
Alloy Form Al Mn Zn Welding 
Ma Sheet 1.5 Annealed 
Annealed 
Mh Sheet 1.5 Hard 
Hard 
Ja Sheet 6.5 0.2 0.7 Annealed 
Annealed 
Jh Sheet 6.5 0.2 0.7 Hard 
Hard 
Hard 
J Ext. 6.5 0.2 0.7 As ext. 
Oo Ext. 8.5 0.2 0.7 Aged 
Aged 
H Cast 6.0 0.2 3.0 As cast 
As cast 
As cast 
Cc Cast 9.0 0.2 2.0 As cast 
As cast 
As cast 


HT is solution heat treated. 
HTA is solution heat treated, then aged. 
* 80% of the bars broke in the shoulder or grips. 
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Heat 

Treatment Tensile % % 
After Bead Strength Elong. Weld 

Welding Condition Lb./Sq. In in2In. Efficiency 
None On 18,000-21,000 2 0 60-70 
None Ground 20,000 4.0 65 
None On 21,000-—24,000 1.5 70-75 
None Ground 22,000 4.0 7 
None On 39,000-42,000 6.0 Q! 
None Ground 40,000 6.0 95 
None On 40,000—44 ,000 5.0 90-95 
None Ground 40,000 6.0 92 
None Top ground 40,000 5.0 92 
None Ground 36,000-38,000 8.0 90-95 
None Ground 34,000-36,000 4.0 65 
Aged Ground 36,000-—38,000 2.0 65 
None Ground 28,000-30,000* 4.0 100 
HT Ground 30,000-—34,000* 9.0 90-100 
HTA Ground 32,000-36,000* 4.0 90-100 
None Ground 26,000 2.0 100 
HT Ground 30,000—34,000 4.0 90-100 
HTA Ground 32,000-36,000 2.0 90-100 


Weld efficiency based on strength of original metal in same condition of HT. 
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on the strength of Dowmetal having different tempers 
before welding or with different heat treatments after 
welding is also shown in the table. No differences in 
weldability due to heat treatment prior to welding have 
been observed, but cast H or C alloy which has been 
solution heat treated or solution heat treated and aged 
before welding must be re-solution heat treated to give 
good strengths. During welding of these alloys that have 
been heat treated, precipitation of what appears to be a 
eutectic composition occurs as an extremely fine line in 
the grain boundaries adjacent to the weld metal. This 
is very weak. A second solution heat treatment will re- 
turn the welded piece to normal strength. This phenome- 
non does not occur when welding as-cast H or C alloy. 

As shown by the weld efficiency values in the table, it 
is difficult to regain the full strength of welded ageable 
extrusion alloys. Simple aging will only increase the 
strength of as-welded joints by 5 to 10°). By solution 
heat treating and aging, the weld efficiency may be in- 
creased to a high percentage of the original value, but 
this procedure introduces other bad effects. For one 
thing, it would be impossible both from the economical 
and practical sides properly to solution heat treat com- 
plicated structures, for temperatures of 730 to 810° F. 
for 5-16 hr. are required to put the primary compound 
in the weld metal completely into solution. Jigging to 
hold a structure in shape would be a difficult problem. 
Secondly, the long solution heat treatment at these 
temperatures may often cause pronounced grain growth 
adjacent to the weld metal if lattice strains have been 
set up prior to welding, due to machining or grinding of 
the base metal. The effect of a rotary routing file is 
especially pronounced due to its chgtter. 

Castings, which are normally solution heat treated for 
long periods of time, are not subject to this shortcoming. 
They may be given their standard heat treatment and 
returned to 90 to 100% efficiency. 

Only limited data are available on the fatigue strength 
of arc-welded joints. The data given below for both 
Krause and R. R. Moore tests show that the weld has 
almost the same fatigue strength at 10° cycles as the 
original metal. The Krause tests were made on flat 
sheets with the bead ground flush. The R. R. Moore 
specimens were machined from welded panels which had 
been given a double 120° Vee before welding. 
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From the results given above, it may be readily seen ~ er ia ” = 
that the Heliarc method of arc welding magnesium Lb 
alloys has provided an important new tool for the fabri- Vib = 


Dow- _ _ Vibrations 
cation of these light strong alloys. The welding may be metal Thickness, Original Welded 
Alloy In Type Test Bars Bars 
done over a wide range of currents, speeds and alloys, ] 0.064 Kraus 13.000 , 
and the results, from a metallurgical standpoint, are i 0.156 Krause 12,000 11'000 
extremely good. Both the strong wrought alloys and Cc 0.500 R. R. Moore 9,000 11,500 
the casting alloys may be welded to give tensile strengths oo 10/000 ge 
exceeding 90% of that of the original metal. jc 
Ww 
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Part II—Production Methods 


cylinder or about $0.085 per cu. ft. By buying the gas n 


Foreword in carload lots, however, the cost may be reduced to about 


give the reader a bird’s-eye view of the general 

method of joining magnesium alloys by this new 
arc-welding process and to present some of the problems 
and solutions that have been encountered in production 
work. 

The fabrication of magnesium aircraft parts by arc 
welding is rapidly gaining a place in the aircraft industry. 
This fact will become increasingly true as progress is 
made in the development of thick-skin monocoque wings, 
where simplicity of construction and smooth airfoil are 
important items. Arc welding of fuselage sections, tail 
surfaces and wheels is coming to the fore not only be- 
cause of the strength-weight ratio that may be obtained 
using, magnesium alloys but also because the Heliarc 
method allows design simplification and economical 
fabrication. 


sk following section of this paper was written to 


Machines 


Standard arc-welding machines of the direct-current 
type have been found quite satisfactory for welding mag- 
nesium. Small machines of 100 amp. capacity may be 
used for welding metal of gages up to */15 in. thick, while 
machines with capacities up to 300 amp. are required for 
welding heavier gages. Alternating-current machines 
have not been found practical, because they do not main- 
tain a steady arc and consequently permit excessive 
spattering. Rectified alternating-current machines, how- 
ever, have proved successful. 

Reversed polarity is always used in welding magnesium 
alloys. An unstable arc and excessive spatter result from 
a straight polarity arc. 

Automatic welding heads are particularly adaptable 
for welding Dowmetal, because of the ease with which 
these machines maintain a steady arc. Consistently 
good welds with even penetration and no porosity will 
result. The steady rod feed and constant head speed 
tend to give smooth, strong, nice-appearing joints. 

Standard manual arc-welding equipment can easily be 
made portable by simply attaching the helium tank to a 
small platform built on the welding machine. 


Helium 


Helium, the protecting gas shroud for the arc, is per- 
haps the most expensive item in the new method of join- 
ing magnesium alloys. At the present time, it is ob- 
tained in standard high-pressure cylinders each contain- 
ing 220 cu. ft. at a cost of approximately $18.50 per 
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two cents per cu. ft. 

Because helium is a high cost item, it is important that 
the minimum be used that will give good protection. 
One method of determining the minimum helium flow is 
by gradually increasing it until burning and excessive 
oxidization is eliminated. It is advisable first to deter- 
mine this amount on a test piece of metal. The use of 
excess helium is not only wasteful but the resulting gas 
velocity at the cup may cause turbulence of the molten 
metal and give rise to porous welds and uneven beads. 

Two-stage oxygen regulators may be used to measure 
the helium pressure in the tank and at the arc. To 
measure accurately the flow of helium to the cup, how- 
ever, oxygen therapy flowmeters or similar calibrated 
equipment should be placed in the line. These flow- 
meters are calibrated to read in liters of oxygen per min- 
ute. To change this to liters of hekum per minute, a 
constant 2.85 is used as the multiplier. 

If no flowmeter is available, the pressure on the second 
stage regulator is adjusted to about '/, lb. per square inch 
pressure when using approximately 15 ft. of hose and a 
'/,-in. helium cup. Changes in the length of hose or the 
type of cup will naturally require different pressures. 

The following table gives the approximate consumption 
of helium for several different gages of Jh alloy sheet 
using standard machine settings and cup sizes on straight 
flat butt welds. 


Gage, In. Amount Helium per Foot of Weld, Cu. Ft 
0.040 , 0.45 Single pass 
0.064 0.50 Single pass 
0.091 0.50 Single pass 
0.125 0.60 Single pass 
0.70 Single pass 
If, 1.00 Double pass 


Fit-Up 


The metal, when making butt or tee welds, should have 
as close a fit-up as it is possible to make for consistently 
strong joints and even penetration of weld metal. Gap 
between the butting sheets of as little as '/1. in. on */s in. 
thick plate will usually cause excessive penetration, which 
is not only a waste of metal, but it also decreases the 
possibility of a sound joint. A draft through the gap, 
set up by hot air currents from the arc, makes the helium 
shroud less effective and results in oxidization and a poor 
weld. 

For thin gages, it is recommended that the butting 
edges of the sheet be machined or filed parallel to one an- 
other and that they be perpendicular to the surface of 
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the sheet. Variations at the root of the butting edges 
will result in unequal penetration and excessive warpage. 

When welding metal of greater thickness than 5/3 in., 
the butting edges should normally be veed to give from 
90° to 120° included angle. A '/1 in. wide surface should 
be left for butting at the root. Roots of varying thick- 
nesses tend to give uneven penetration. 

It is recommended that double-vee joints be made on 
gage combinations over '/, in. In making a double-vee 
joint, less warpage will be produced if the top vee extends 
about two-thirds through the metal. The amount of 
welding required on the back will then be just about 
sufficient to pull the parts back in line. Before making 
the under side of the weld, it is necessary to rout part of 
the first weld away in order to remove poor fusion or 
inclusions. 

In production work where a number of parts are to be 
made, backing plates can be used to advantage. These 
require less care in fit-up, less control of penetration and, 
consequently, are more adaptable for the use of operators 
of limited experience in welding magnesium. Care should 
be exercised to fill the backing plate groove with metal to 
insure good fusion, an operation generally requiring 
higher heat than normal welding. It has been found 
good practice to remove part of the bead produced in the 
backing plate method in order to eliminate the presence 
of porosity or incompletely fused metal. 

Dowmetal, copper and steel backing plates have been 
used with good results. The size of the groove is de- 
pendent upon the gage thickness being welded. On 
0.125 in. sheet, the dimensions of the groove should be 
about 5/3. in. wide and '/s in. deep. 


Joints 


Generally speaking, the same types of joints normally 
used in the arc welding of steel may be used for the arc 
welding of Dowmetal. Variations of these types of 
joints may be found in any good arc welders’ handbook. 
Due to the narrow melting range and the fluidity of 
molten magnesium alloys, only down-hand or vertical 
welding may be done. Parts should, therefore, be de- 
signed to require only these two methods of welding. 

On heavy sections where multipass welds are re- 
quired, it is generally preferable to use veed rather than 
U-type joints, better penetration being normally ob- 
tained. Vees 90° to 120° have proved very satisiactory. 
The number of passes required are in the same order as 
for steel, and depend largely on the current used. It is 
very important that sufficient current be used so that 
the metal is fluid under the arc. 

Either single or double lap welds may be produced, 
although for both tensile and fatigue strength the latter 
are much preferred. Tee welds on thicknesses up to 
*/s: in. are not normally veed, but, where high strength 
is a factor, the root under the tee joint should be chipped 
or routed back so that the second bead provides com- 
plete penetration into both the original bead and the 
adjacent metal. An important engineering consideration 
is that the ultimate tensile strength of the original metal 
at the base of the tee is usually decreased by 10 to 20%. 

For almost all welds in magnesium alloys it has been 
found advantageous to use */3_ to */; in. filler rods, the 
size depending on the thickness of the metal being 
welded. 

The strength per inch of seam obtainable on J alloy for 
different type joints and thicknesses is shown in Table 3. 
Where maximum strength is not required it is economi- 
cally advantageous on tee and lap welds to use tack welds 
staggered on either side of the joint for distances of 1 to 2 
in. on 2 to 6 in. centers. 
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Table 3—Strengths of Arc-Welded Joints in Dowmetal 
dh Sheet 


Strength per In. Seam, Lb 
Single Double 
Butt Lap Lap Edge Tee 
Thick., In. Welds Welds Welds Welds Welds 


0.064 2,700 900 2200 400 1500 
0.091 3,800 1200 3000 750 1800 
0.125 5,300 1500 3800 1100 2200 
0.187 8,000 2000 5200 1600 3000 


0.250 10,500 2700 7000 2300 3500 


Jigs 


Due to the relatively high coefficient of thermal ex- 
pansion of magnesium, elimination of warpage is one of 
the greatest problems confronted in arc welding this 
metal. For comparison, the coefficients of thermal ex- 
pansion of magnesium, aluminum and steel are listed 
below. 


Magnesium 26 X 10-* in. per inch per ° C. 
Aluminum 24 X 10-* in. per inch per ° C. 
Steel 15 


Warpage is particularly pronounced on the thinner 
gages. Consequently, all parts should be well jigged and 
clamped prior to welding. 

Jigs and clamping plates are generally made of steel in 
order to give rigidity and strength to the assembly which 
must resist tremendous forces set up during heating and 
cooling the metal. Clamping plates should come within 
1/, or */, in. of the weld to prevent the metal from bend- 
ing in the heat-affected area. It is good practice to keep 
the clamps from extending above the jigs so that access 
to the weld zone with the torch and filler rod will not be 
difficult. The underneath side of the weld must be left 
open for penetration if no backing plate is used. In de- 
signing the jig, easy accessibility to the weld area must 
always be kept in mind. 

The jig should fit the contour of the sheet accurately 
in order to hold the plate tightly all along the weld area. 
This precaution tends to reduce warpage and will also 
hold the parts in alignment. Braces for holding the jig 
to the plate should be spaced from 4 to 10 in. apart. 
Figure 8 shows the chordwise weld set-up on a monocoque 
wing jig. Figures 9 and 10 show a revolving jig for weld- 
ing tee sections to flat plate in fabricating a shear web 
of a leading edge section. 

In clamping the plate to the jig, every effort should be 
made to have the clamping braces far enough away from 
the weld area to facilitate ease in making a nearly con- 
tinuous weld. If possible, jigs should be designed to 
eliminate any cross bracing which would make necessary 
bead interruptions. This point is especially important 
if the jig is built for use with an automatic welding head. 

Backing plates may be incorporated in the jig to good 
advantage. These should, of course, fit the contour of the 
part and will serve excellently for clamping, holding 
down and maintaining alignment. Fit-up of butting 
joints need not be so critical, and there will be less chance 
for warpage and misalignment of the weld if a backing 
plate jig is used. 

A very successful method of practically eliminating 
warpage in single-pass butt welds is by the tapered gap 
method. This consists of securely fastening each part in 
a movable jig. The weld is closed at one end, leaving a 
1/, in. per foot tapered gap extending to the farther end. 
As welding progresses from the closed end, the shrinkage 
forces pull the sheet and jig together, making a weld that 
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Fig. 8—Jig Construction Details for Making the Chordwise 
Welds on a Monocoque Wing 


has practically no warpage. This method is especially 
valuable for use in butt welding flat sheets together. 
The entire length of each sheet is fastened down on flat 
plates by the use of clamps. The shrinkage forces will be 
sufficient to draw the sheets together at the point of 
welding. 

Peening is another excellent method of eliminating 
warpage, but extreme care must be exercised. Only a 
relatively small amount of cold work may be done on 
magnesium alloys due to their work hardening char- 
acteristics. Cracking and flaking will result from too 
much peening. Best results have been obtained when 
using a flat peen in a light automatic air hammer. A 
small amount of peening over even a badly warped 
assembly will normally be sufficient to eliminate the 
warpage. Considerable practice is required to determine 


either how much cold working is required, or how much 
may be done before cracking the metal. 

It is frequently advisable to use starting and stopping 
plates at the beginning and end of each weld. These con- 
sist of scrap pieces of magnesium sheet placed at the 
beginning and end of the weld on which to strike and 
finish the arc before and after each weld, thereby pre- 
serving the end of the weld and reducing the possibility 
of cracks in hot-short metal. 


Tolerances 


Nearly all parts must be trimmed or cut to size when 
fabricated. Wherever possible, arc welding should be 
done before the part is finally machined for assembly. 
If, however, the final operation is welding, it is advisable 
to have the pieces fit together at a plus tolerance so that 
cooling and contraction of the weld metal will shrink the 
part to the specified size. Tolerances within plus or 
minus 0.040 in. may be held within reasonable accuracy 
in arc welding. 


Fig. 10—S 


ide View of the Revolving Jig Shown in Fig. 9 


Finishing 

Inasmuch as arc-welded sections will be used in the 
fabrication of wings, fuselage sections and tail surfaces, 
it will sometimes be necessary to remove the outside part 
of the bead to give a smooth airfoil. This operation is 
relatively simple. An air or electrically operated rotary 
file and emery cloth may be used to obtain a smooth 
surface over the welded area. A light, portable air- 
operated flush-rivet milling tool with a vertical adjust- 
ment on the cutting tool will rapidly remove the bead to 
within 0.005 in. of being flush with the sheet. Two 
runners or guides that slide along the sheet beside the 
bead will help keep the tool in alignment. 


, ; a If the welded section is warped after being removed 
Fig. 9—End View of Revolving Jig for Welding Tee Sections from the jig, it may be straightened by placing the sec- 
to a Flat Sheet tion between two '/, in. thick steel plates formed to the 
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dimensions of the final part. After attaching pressure 
clamps at about 6 or 8 in. centers on either side of the 
steel plates, the entire assembly is heated to 400° F., and 
the pressure clamps are securely tightened. After main- 
taining this temperature for one hour, the entire assembly 
is allowed to air cool. 

Inspection of welds is, of course, a standard procedure 
and may be done either visually or by standard radio- 
graphic methods. 

' Standard Dowmetal protective treatments should al- 
ways follow welding. 


Importance of Arc Welding Magnesium Alloys 


The full importance of arc welding on the future of 
magnesium alloys cannot be fully appreciated at this 
time, but the fabrication of these strong light alloys by 
the Heliarc method has opened possibilities that were not 
considered even a year ago. 

To show one of the possible benefits accruing from arc 
welding, a leading aeronautical engineer in the United 
States recently calculated that a perfectly smooth air- 
foil, provided by the elimination of rivets, on the Douglas 
DC-3 transport plane would so reduce the cost of flying 
that, during the normal 15,000-hr. life of this airplane, 
twice the original cost could be saved. This would be 
accomplished by the saving in required horsepower 
through the partial elimination of what is known tech- 
nically as parasitic drag. Rivets add to parasitic drag 
by creating eddy currents which disturb the smooth flow 
of air over the airfoil. The elimination of rivets by the 
substitution of an arc-welding procedure is possible with 
the normal type of aircraft structure. 


Arc welding is particularly important in the fabrication 
of thick-skinned monocoque magnesium alloy construc- 
tion. With this type of structure, full advantage is being 
taken of arc-welding fabrication as well as of the high 
strength-to-weight ratio obtainable with magnesium 
alloys. 

The development of arc welding—and especially auto- 
matic arc welding—will suggest its use for the high-speed 
fabrication of wheels and other similar products. Ad- 
vantage can be taken of the much higher compressive 
yield strength obtainable in the rolled or extruded state. 
In this way, as with the arc welding of steel, lighter 
structures with higher strengths can be obtained than is 
possible with castings. 

It is often impossible to make extrusions or sheet that 
have the dimensions required due to lack of dies, rolls or 
other fabricating equipment. Arc welding has been used 
advantageously to build the required sizes. 

The few possibilities related above show some of the 
practical advantages gained by the development of an 
arc-welding process for magnesium alloys. For the man 
in industry, this method of joining offers simplicity of 
structure, ease and speed of fabrication and over-all 
economy. 


References 


1. Doan and Shulte, “Arc Welding in Argon Gas,” Elec. Eng., 54 (11) 
(Nov. 1935). 

2. Doan and Shulte, “Arc in Inert Gases, III," Phys. Rev., 47 
15, 1935) 

3. Doan and Bounds, “Arc Welding Atmospheres,” Tue Wetpino 
JouRNAL, 17 (6) (June, 1938) 

Doan and Young, “Crater Formation in Arc Welding,” /bid., 17 (10) 

(October, 1938) 
5. Doan and Smith, “Arc Welding in Controlled Atmospheres,”’ /bid., 19, 
1103 (March 1940) ry 


10) (May 


present time. 


where applicable. 


problems and it is working on others. 
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THE WELDING RESEARCH COMMITTEE 
NEEDS YOUR SUPPORT! 


EVER has research been more important in the welding field than at the 


New steels require additional information on weldability and best techniques. 
Occasional trouble could be overcome if we knew more about residual stresses. 
More accurate knowledge would enable us to raise our unit stresses in material sub- 
jected to fatigue or impact. Quantitative knowledge of effects of each variable 
would enable us to substitute more efficient, speedier resistance-welding processes 
The Welding Research Committee has brought into its fold 
the major scientific research talent available in the welding field and it is constantly 
on the lookout for additional talent and laboratory facilities. 


the research information on welding existing in the literature of the world. 


Anticipating the needs of our government it started at considerable expenditures 
of funds fundamental researches on weldability which have since been taken over 
Industry to a very large extent is doing its share. 


WHAT IS NEEDED NOW! 


It has solved many 
It has reviewed and correlated most of 


(1) Release of reports on pieces of welding researches that have not 
as yet been published. 


(2) Financial support in the forms of contributions ranging from $100 
to several thousand either without strings or earmarked for some 
specific project. 

(3) Cooperation from laboratories, universities, private or governmental. 

(4) Bringing to the attention of the Committee needed research. 
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Etfects of Cooling Rate on the Properties 
of Arc-Welded Joints in Carbon-Moly 
0.50 Plate 


By Wendell F. Hesst 


Scope 


shez paper describes the results of some early work 


in the measurement of actual thermal cycles of 

heating and cooling in the heat-affected zone of arc 
welds. The heating and cooling curves were obtained by 
welding thermocouples to the bottom of small holes 
reaching to the vicinity of the top pass, so as to measure 
the temperature at points close to the edge of the weld. 
In most cases the curves represent points which have 
reached temperatures above 2200° F. With one excep- 
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Fig. 1—Cooling Rate at Critical Temperature and Maximum 
Hardness in Heat-Affected Zone for Welds Made in */,-In. 
Carbon-Moly 0.50 Plate, as a Function of Arc Energy Input 
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tion, the work described in this paper was done on */;,-in. 
plate, welded either at 68° F. or at 400° F. For purposes 
of illustration and comparison, some data are also shown 
for a */s-in. plate of the same material. 

Elongation and hardness surveys across the welds, and 
test data from longitudinal and transverse specimens are 
related to the cooling curves. The measured cooling 
curves were superimposed on an S-curve for a carbon- 
molybdenum steel substantially the same in composi- 
tion as the plate used in this investigation. This was 
done to show the type of structure to be expected in the 
heat-affected zone for the welding conditions studied, and 
to indicate those welding conditions most likely to insure 
complete transformation above the martensite-forming 
temperatures. 
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TIME — SECONDS 
ARC PASSED THERMOCOUPIF AT ZERO TIME 


Fig. 2—Cooling Curves Obtained from Thermocouple Rec- 

ords on Plates Welded Under Three Different Conditions 

Resulting in Approximately the Same Cooling Rate in the 
Vicinity of the Critical Temperature 
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ISOTHERMAL TRANSFORMATION DIAGRAM 
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TIME - SECONDS 
Fig. 3—S-Curve for Steel of Almost Identical Composition with Plate Investigated in This Report 


Curves indicating the beginning and end of transformation 


curves for most of the plates investigated have been superimposed. 


Equipment 


Welds were made with, automatic arc-welding equip- 
ment. This machine was provided with a Carboloy 
cutter for slitting the coating and a set of contacting 
fingers to conduct the current to the core wire. The 
equipment was arranged to be operated either with an 
a.-c. are or with a d.-c. arc. Alternating current was 
used in the welding of these plates since it provided a 
steadier arc. Welding current was provided by a 750- 
amp. arc-welding transformer using the 100-volt open- 
circuit connection. The electrode used throughout this 
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on continuous cooling have been added, and the cooling 


investigation was heavily coated Carbon-Moly 0.50, 
recommended for welding this steel. A '/,-in. diameter 
electrode was obtained in coil form. This electrode has 
an all mineral coating anchored to the core wire by a 
spiral winding of asbestos yarn. 

Temperature measuring equipment consisted of a 
Model 721 Weston Photoelectric Potentiometer con- 
nected to an Esterline-Angus Sensitive Recording Milli- 
ammeter which gives full scale deflection at a cur- 
rent of 5 milliamperes. This could be arranged to cor- 
respond with 50 millivolts thermocouple emf. The 
photoelectric potentiometer is a self-balancing type hav- 
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ing an optical galvanometer designed to operate an elec- 
tronic balancing mechanism. Potentiometric balance is 
maintained automatically and is capable of following 
thermocouple changes at high speed. The rapidity of 
the over-all response of potentiometer and recorder was 
checked by successively plunging a chromel-alumel 
thermocouple into a salt bath at about 1400° F. and then 
into water at room temperature. The lag in the re- 
sponse was found to be negligible compared to the cooling 
rates being measured in this investigation. A further 
desirable characteristic of this equipment is its insensi- 
tivity to induced voltages picked up from a.-c. welding 
circuits, when reasonable precautions are taken with re- 
spect to the arrangement of thermocouple leads. 


Plate Preparation 


The plates were prepared for butt welding by beveling 
at an angle of 15° with the edge of the plate. Plates 
were first assembled by tack welding a '/, x 1-in. backing 
strip arranged to provide a separation of the beveled 
edges at the bottom of the groove equal to from */s to '/2 
in., depending on the energy input. 


Material Specification 


The plate material used in this investigation was 
designated as A.S.T.M. A204-37T, also designated as 
open-hearth carbon-moly firebox quality. The analysis 
of the plates was as follows: 


Cc Mn Si Mo 
0.18 0.69 0.014 0.023 0.20 0.46 
Test Specimen: 


| 22% in 8 in. 
Introduction 


In the complete evaluation of welded joints, two im- 
portant factors must be considered. One of these is the 
effect of the thermal cycle on the region of the plate metal 
lying immediately adjacent to the weld. The other is 
the effect on the weld metal. Either of the above factors 
may limit the satisfactoriness of the welded joint. Some 
steels are only slightly sensitive to the thermal cycles 
imposed upon the metal adjacent to the weld by any 
practicable welding condition at ordinary ambient tem- 
peratures. These are usually the plain low carbon steels 
of only moderate strength. Even in these steels, how- 
ever, the quality of the weld metal may be so adversely 
affected by improper welding conditions as to be unsatis- 
factory, either from the standpoint of ductility or the 
related cracking tendency. For the weld metal to pos- 
sess ductility approaching that of the plate it must not 
have been cooled too rapidly, causing trapping of gases 
and the resultant fine porosity. On the other hand, in 
the attempt to reduce cooling rate, the arc power level 
must not have been so high as to drive away the slag 
protection, to unbalance the deoxidizing elements by 
excessive loss, or to raise the temperature of the molten 
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TIME — SECONDS 
ELECTRODE PASSED THERMOCOUPLE AT ZERO TIME 


Fig. 4—Heating and Cooling Curves for Three of the Preheated Plates Together with the Cooling Curve for 
the Plate Welded at Room Temperature with the Highest Energy Input 
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pool so far above the melting point as to cause excessive 


gas absorption. In this connection it is preferable to 
reduce cooling rate by slowing down the arc travel speed 
rather than by increasing the arc power level through an 
increase of current or voltage. 


Fig. 5—Maximum Elongation of As-Welded Longitudinal 
Specimens at Ultimate Load 
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Fig. 7—Hardness and Elongation Surveys for Transverse 
Specimen Taken from Plate 6, Welded at 68° F. 
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A very satisfactory method of determining whether a 
given set of welding conditions has produced satisfactory 
ductility is provided by the use of the longitudinal ten- 
sion specimen comprising both weld metal and heat- 
affected zone, including the top passes. This has been 


Fig. 6—Hardness and Elongation Surveys for Transverse Speci- 
men Taken from Plate 13, Welded at 68° F. 
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Fig. 8—Hardness and Elongation Surveys for Transverse 
Specimen Taken from Plate 15, Welded at 68 
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Fig. 9—Hardness and Elongation Surveys for Transverse 
Specimen Taken from Plate 20, Welded at 68° F 


described in a previous paper,' and illustrations of its 
use will be found in this report. 

For many of the stronger low alloy steels, the quenching 
of that portion of the steel adjacent to the weld which has 
been heated into the austenitic range, will be sufficiently 
rapid to prevent complete transformation to the tougher 
and softer pearlitic products, with the result that more 
or less of the brittle and hard martensitic constituents 
will be produced. For the higher alloy steels it may be 
practically impossible to prevent, by any simple welding 
technique, the formation of so great a proportion of 
martensite as to render the weld dangerously brittle. 


General Discussion of Cooling Rates 


Since the effectiveness of a welding technique in pro- 
ducing satisfactory properties in the zone adjacent to the 
weld is dependent to a large extent upon the cooling rates 
which result, it will be of interest to consider briefly the 
factors affecting cooling rate. Cooling rates, or more 
precisely, cooling curves are principally determined by 
weld energy input per unit length, plate thickness and 
plate temperature. Plate geometry may also be impor- 
tant, as when there is an appreciable change of section 
at or near the weld, or in the case of a tee joint as com- 
pared with a butt weld. While thermal conductivity 
and specific heat also affect the cooling rate, these proper- 
ties apparently do not differ among most of the low alloy 
steels sufficiently to be of other than minor importance as 
compared with the factors mentioned first. 

The energy input per unit length of weld may be ex- 
pressed electrically in joules per inch, which is equal to 
the arc power in watts (volts X amperes) divided by the 
travel speed in inches per second. To reduce the cooling 
rate it is evident that the energy input per unit length 
may be increased either by raising the are voltage or 
current, or by decreasing the arc travel speed. Only a 


612-s WELDING RESEARCH SUPPLEMENT 


280 
° | 
x 
& 200 | 
28 
i 
aki 
24 
te 
| 
| 
— 
{| 
' 5 
ii et 
i t ' > 
wile 
+ 
ma & 4 
it 


240 


60 1.20 L80 
DISTANCE ACROSS WELD — INCHES 


Fig. 10—Hardness and Elongation Surveys ‘or Transverse 
Specimen Taken from Plate 18, Welded at 68° F. 


very limited change of arc voltage is possible if unsatis- 
factory operation and inferior quality of weld metal are 
to be avoided. While considerably wider changes in 
are energy are possible through variations in are current, 
this method, too, is limited by the same factors as arc 
voltage, namely, satisfactory operation and weld quality. 
It is important to realize, however, that most of the objec- 
tion to high power level with relation to its effect on weld 
quality, mentioned in the introduction, refer to a particu- 
lar electrode size and composition. With larger elec- 
trodes, and with those providing greater quantities of 
deoxidizing and other alloy constituents to compensate 
for larger losses, higher power levels are possible. This 
points to the desirability of using the largest practicable 
electrode size, to reduce cooling rate. For a given size 
electrode, when an increase of arc power begins to involve 
a sacrifice of weld quality, a decrease of arc travel speed 
will permit still further reduction of cooling rate, if the 
characteristics of the metal being welded make this 
necessary. 

When it is not possible to produce a satisfactory cool- 
ing curve by adjustment of weld energy input, or when to 
do so involves an objectionable sacrifice of weld metal 
quality, preheating of the plate may be required. Pre- 
heating naturally accompanies oxyacetylene welding by 
virtue of its flame characteristics. In the case of arc 
welding, an external source of heat is usually involved, 
which is either electrical or provided by combustion. 
However, this may be required only at the start if con- 
servation of the heat of welding is provided by proper 
welding sequence. Preheating is effective if the trans- 
formation characteristics of the steel are such that a 
limited modification of the upper portion of the cooling 
curve is desirable, but it is more important for steels, 
such as the one described in this report, which transform 
most rapidly over a range of temperatures below 1000° F., 
rather than at and above this temperature, as in the case 
of plain carbon steels. Preheating is also of benefit in 
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In the first place, a knowledge of the actual ther- 
under a wide variety of practical welding conditions 


velopment of important information along three separate 
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lines. 


later illustrations in this paper. 
In summary, the study of cooling curves associated 


with actual welding conditions gives promise of the de- 


the improvement of the quality of weld metal, as will be 
seen from 


Fig. 11—Hardness and Elongation Surveys for Transverse 


Fig. 12—Hardness and Elongation Surveys for Transverse 
Specimen Taken from Plate 14, Welded at 400° F. 


Specimen Taken from Plate 10, Welded at 400° F. 
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Fig. 14—Hardness and Elongation Surveys for Transverse 
Specimen Taken from Plate 17, Welded at 400° F. 


Fig. 13—Hardness and Elongation Surveys for Transverse 
Specimen Taken from Plate 11, Welded at 400° F. 
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should show the type of metallurgical structure to be ex- 
pected as a result of these conditions. Such a prediction 
is greatly assisted by the superposition of actual cooling 
curves on an S-curve for the particular steel under con- 
sideration. Closer prediction has been made possible 
by the development of a method to convert isothermal 
transformation diagrams to their proper form for con- 
tinuous cooling*. In the second place, the complete 
thermal history of the metal adjacent to fusion welds, 
while not directly measuring the thermal history of the 
weld metal itself, should be closely indicative of this his- 
tory, and assist in understanding the reasons for differ- 
ences in weld quality exhibited by test specimens. A 
very important third advantage of measuring actual 
cooling curves involves the establishment of the relation- 
ship between factors such as plate thickness, plate tem- 
perature, plate geometry and welding conditions. In 
other words, at any important part of the thermal cycle, 
the effect of the above factors will be made evident so 
that welding conditions may be selected to give similar 
thermal cycles for welds made on plates of different 
geometries. Cooling curves are thus of fundamental 
importance to the complete understanding of a wide 
variety of welding problems. Only a very limited ap- 
proach to these problems has been made in the work de- 
scribed in the present investigation. This work is being 
continued and subsequent reports will broaden the scope 
of possible valuable information outlined above. 

The rapid increase of hardness from the outer edge of the 
heat-affected zone, across this zone to the edge of the 
weld metal, has been ascribed to differences in cooling 
rate at various points across the heat-affected zone. 
Typical hardness curves of this type are illustrated in 
this report as Figs. 6 to 14. They have also been shown 
in a previous paper.' It is fortunate for the thermo- 
couple technique that the observed differences in hard- 
ness are not due, as suggested above, to differences in 
cooling rate at subcritical temperatures, but rather to 
the degree of solution of carbides in the austenite as 
affected by time and temperature above the equilibrium 
critical temperature. In other words, steel at the outer 
edge of the heat-affected zone remains above the critical 
temperature for an insufficient time to completely dis- 
solve the carbides. Upon subsequent quenching such a 
steel will exhibit much lower hardness than that exhibited 
by fully homogenized austenite of the same analysis. 
Mathematical analyses* checked by experimental work 
in this laboratory have shown very little difference in 
cooling rate for points close to and slightly further away 
from the edge of the weld metal. The amount of error 
involved in measuring the cooling rate, a little distance 
from the edge of the weld metal rather than exactly at 
this edge, is less as the arc power increases and as elec- 
trode travel speed decreases, or in other words, as the 
arc energy per unit length of weld increases. This 
means that for very low energy inputs, or in other 
words for very small beads, it is necessary that the 
thermocouple be placed as close as possible to the edge of 
the weld metal to secure a thermal heating and cooling 
curve representative of the metal which will harden to 
the greatest extent, which is that just outside of the weld 
metal. It is a simple matter from the thermocouple 
record to determine whether the thermocouple has been 
sufficiently close to the weld metal. The error introduced 
by improper thermocouple location decreases rapidly for 
cooling rates measured at successively lower temperatures. 


Procedure 


In addition to preparing the plates for welding as de- 
scribed above, holes were drilled for insertion of thermo- 
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couples in the heat-affected zone. The drill size used for 
this purpose was No. 55 having a diameter of 0.052 in. 
Ten mil thermocouple wires (diameter 0.010 in.) were 
inserted in pyrex tubing having an outside diameter of 
0.022 to 0.025 in. These thermocouples were then flash 
welded to the bottom of the thermocouple hole which 
had previously been drilled to a point which would fall 
in the heat-affected zone of the top or last pass of the 
weld. The flash welding of the thermocouple into the 
bottom of the hole is an extremely important part of the 
technique, since only in this way is it possible to obtain a 
smooth and accurate response of the thermocouple to 
rapid changes in plate temperature. While merely plac- 
ing the thermocouple in the hole is adequate for static 
temperature measurements, or for temperatures which 
change very slowly, there will be an erratic and unsatis 
factory response to rapid temperature changes unless the 
thermocouple is actually in such intimate contact as is 
provided by welding to the plate metal. The flash weld- 
ing of thermocouples is accomplished by charging a bat- 
tery of condensers having an available capacity of ap- 
proximately 200 to 250 microfarads, to voltages between 
250 and 500. The intensity of the discharge may be con- 
trolled by a variable resistance having a maximum resi- 
stance of approximately 50 ohms or else by changing the 
voltage to which the condensers are charged. The 
thermocouples may be previously flash welded together 
by flashing the two wires against a carbon plate, with the 
condensers connected to the wires and to the carbon plate, 
or else each thermocouple may be inserted and flashed 
separately to the bottom of the thermocouple hole. The 
flashing of the thermocouples to the bottom of the hole 
may be accomplished by either initially placing them in 
contact with the bottom of the hole and then energizing 
the circuit, or else by allowing them to be guided by 
the pyrex tubing to the bottom of the hole with the elec- 
trical circuit already energized. The latter arrange- 
ment sometimes gives better results but is more disturb- 
ing to the operator unless the thermocouple wires are 
handled with a properly insulated clamping device. 
When properly welded, a strong pull will not dislodge the 
wires. 


Measurement of Welding Conditions 


In using a.-c. welding equipment, the arc power was 
conveniently measured by an Esterline-Angus Recording 
Wattmeter connected to the circuit by means of potential 
connections and a current transformer. It was found to 
be somewhat less satisfactory with the a.-c. circuit, to 
measure the are voltage, owing to the reactance drop in 
the current-carrying leads. It was found preferable to 
measure the current with an ammeter connected to the 
same current transformer as that used for the wattmeter, 
and then to calculate the voltage from the power and 
current, if desired. It would have been preferable also 
to have had a recording ammeter for current but, since 
this was not available, several readings of current were 
taken during the making of each weld. 

Arc travel speed was measured by means of a chrono- 
graph pen attached to the recording milliammeter which 
measured the thermocouple emf. The chronograph pen 
was actuated by a switch attached to the travel carriage 
and making contact at points located a definite distance 
apart. 


Test Specimens 


Test specimens were taken from each of the welded 
plates in accordance with the method described in one of 
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our previous reports.'' These specimens consisted of one 
transverse specimen and two longitudinal specimens 
taken parallel to the direction of welding. One of these 
latter specimens was tested in the ‘‘as-welded”’ condition 
and the other in the normalized condition. The latter 
specimen was taken for the purpose of checking as to 
whether small tears appearing in certain specimens were 
produced as a result of the cooling of the weld or merely as 
a result of the application of the testing load to the metal 
which had been placed under a certain amount of residual 
stress by the cooling which followed the welding opera- 
tion. 

As outlined in the report mentioned above, at least 
two test specimens are required for the study of the qual- 
ity and satisfactoriness of the welded joint. These are 
a tramsverse and a longitudinal as-welded specimen. 
The transverse specimen is machined to just clean up the 
top pass flush with the surface of the plate. It provides 
an opportunity for a hardness survey from plate to plate 
across the welded joint. Since this survey involves the 
heat-affected zone adjacent to the last pass of weld 
metal, a maximum hardness resulting from the welding 
conditions used in preparing the specimen should be 
found. The range of hardness in the weld metal is a 
relative measure of the strength of the deposited metal 
as affected by cooling rate and loss or gain of alloy con- 
stituents. The hardness indentations may be uniformly 
spaced along the center line of the surface of the test 
specimen as shown in Fig. 15. They may then serve as 
gage points for the measurement of local elongation. 

The local elongation surveys which can be made on the 
surface of the transverse specimens serve to indicate the 
relative yield strength of the weld and plate metal. As 
mentioned in the previous report, the most serviceability 
in the welded joint will be obtained when the yield 
strength of the weld metal is slightly higher than that 
of the plate which is being welded. This is indicated by 
the greatest elongation of the transverse specimen tak- 
ing place outside of the weld, as indicated for Plate 11 in 
Fig. 13 as compared with the behavior indicated for 
Plate 14 in Fig. 12. The latter behavior is also indicated 
in the photograph of this specimen from Plate 14 in Fig. 
15. 

The longitudinal as-welded specimen provides a valu- 
able measure of the ductility of the least ductile portion 
of the welded joint, whether this is the heat-affected zone 
or the weld metal. This specimen is tested by pulling 
the specimen up to its ultimate load followed by an im- 
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mediate release of load at the slightest indication of fall- 
ing off after the maximum load has been reached. A 
measure of the maximum permanent elongation after the 
above loading is an indication of the greatest plastic de- 
formation which is possible in tension before the specimen 
commences to fail. Since under load all parts of this 
specimen elongate to the same extent, that part having 
the least ductility will fail first. 

A second longitudinal specimen tested in the stress- 
relieved or otherwise heat-treated condition, will indicate 
the improvement in ductility resulting from the heat 
treatment. 


Results 


A summary of the data for a series of welds made in 
this investigation is shown in Table |. Figure 1 shows 
curves of maximum hardness reached in the heat-affected 
zone as a function of weld energy input for */,-in. plate 
welded at room temperature and at 400° F. It is to be 
noted that this steel was not severely hardened by any 
of the welding conditions here imposed. The cooling 
rates at 1300° F. are also shown for these same welding 
conditions. The cooling rates at this temperature were 
selected since they represent the lower critical tempera- 
ture for plain carbon steels and have been used by other 
investigators as a reference temperature. The cooling 
rates at this temperature are probably a fair relative 
measure of the rate at which the metal passes through the 
temperature region of subcritical transformation from the 
gamma to the alpha form of iron. This is, of course, 
approximately true if transformation takes place at rela- 
tively high temperatures to pearlftic products. If the 
cooling curve through and below this temperature is suf- 
ficiently steep, or in other words, if the cooling rates are 
sufficiently high, the metal may transform only partially 
or not at all to pearlitic products, and the resultant trans- 
formation will be affected to a greater degree by that 
portion of the cooling curve lying farther down on the 
temperature scale. 

Figure 2 illustrates actual cooling curves for three dif- 
ferent plates involving two plate thicknesses and two 
plate temperatures. They were selected because of the 
fact that the cooling rate at 1300° F. was essentially the 
same in all three cases. The maximum hardnesses in the 
heat-affected zone of Plates 14 and 1S were the same, be- 
ing 249 Vickers in each case, whereas the maximum hard- 


Pass Average 
Thick- Are Are No. of Used for Energy Cooling Rate Cooling Rate 
Plate ness, Temp., Voltage, Current, Passes, Cooling Arc Power, Travel Speed, Input, at 1300° F., 950 to 850° F., 

No. In. Volts Amp. Total Rate Watts In./ Min. Joules/In. F./Sec. F./Sec. 
13 /4 68 33 25 12 11 10,710 11.8 54,600 123 41.6 
9 11.3 56,900 100 35.7 
6 3/4 68 32.5 296 10 9 9,620 8.0 72,300 74 25.0 
15 3/4 68 32.5 420 7 7 13,650 10.43 78,500 63 15.6 
20 */4 68 34 415 7 7 14,100 7.57 111,800 48 13.3 
10 8/4 400 32.5 281 16 15 9,140 12.20 44,900 84 25.0 
14 a/4 400 33 325 11 10 10,710 11.62 55,400 66 14.3 
ll a/, 400 34 281 9 8 9,550 7.44 77,000 48 10.0 
17 a/4 400 34 420 6 6 14,290 7.91 108,500 25 3.8 
18 i/s 68 32.5 325 7 5 10,580 12.2 52,000 75 10.5 

Heat-Treated Specimen— Normalized 
Transverse Test Specimen—As Welded Longitudinal Specimen—As Welded 1 Hr. at 1650° F.—Air Cooled 

Max. Hardness % Elongation to Ultimate % Elongation to Ultimate % Elongation to Ultimate 

Vickers Ultimate Load Strength, Ultimate Load Strength, Ultimate Load Strength, 

Plate No. Pyramid Maximum Location Psi. Maximum Ave. 2 In. Psi. Maximum Ave. 2 In. Psi 

13 289 21.8 Plate 81,500 14.2 9.9 85,450 27.0 20.3 68,200 

6 264 16.2 Weld 85,100 12.0 9.1 87,000 26.0 21.2 67,800 

15 27 19.2 Weld 84,300 13.1 9.6 86,800 24.8 18.7 68,800 
20 251 19.6 Weld 80,900 14.7 11.4 79,900 26.8 18.5 65.400 
10 266 23.4 Plate 80,200 15.6 12.4 83,450 26.6 22.4 68,100 
14 249 22.7 Weld 80,400 17.0 11.5 87,000 24.6 18.6 70,400 
ll 246 20.2 Plate 79,300 18.4 13.7 78,400 26.1 20.2 66,000 
17 233 22.9 Weld 77,400 21.2 15.5 75,000 26.9 21.5 65,900 
18 249 28.8 Plate 78,500 17.7 13.2 81,100 26.8 21.5 68,300 

1942 WELDING CARBON-MOLY PLATE 615-s 


A 
é 
ve 
4 
a 
Ly 
4 
4 
fat 
» 
Fey 


€ 


Fig. 15—Photograph Showing Transverse Specimens of Plates 


Indicated After Testing 


Fig. 16—Longitudinal As-Welded Specimens for Same Plates as 


Fig. 15 


ness of Plate 6 was 264 on the Vickers pyramid scale. 
Thus, Plates 6 and 14 having very similar cooling rates 
at 1300° F. show a marked difference in maximum hard- 
ness of the heat-affected zone. The cooling curves for 
these plates indicate a marked difference at temperatures 
below 1000° F. Figure 3 shows the superposition of the 
cooling curves for these plates upon an S-curve for a steel 
closely approaching the composition of the plate under 
investigation. The shorter curves below and to the 
right of the beginning and ending curve of the isothermal 
transformation diagram were located by the method sug- 
gested by Grange and Kiefer. These indicate the begin- 
ning and completion of transformation upon continuous 
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Fig. 17—Longitudinal Normalized Plate Specimens {or Same 
Plates as Fig. 15 


Fig. 18—Complete Set of Test Specimens for Plate 10 Showing 
Longitudinal As-Welded Specimens After Fracture to Further 
Observe Soundness of Weld Metal 


cooling. They show that transformation should not 
begin until the temperature has dropped below 950° F. 
and that it should not be complete until the temperature 
drops below 600° F. Plate 14 must have practically 
completed its transformation at 600° F. but there is a 
good possibility that Plate 6 will contain some martensitic 
constituents in the heat-affected zone. Figure 4 shows 
another group of cooling curves for different welding 
conditions. These have all been superimposed on the 
S-curve in Fig. 3, together with the cooling curves for all 
of the plates used in this investigation, except that of 
Plate 15. The complete cooling curve for Plate 15 was 
not included since the larger part of this record was un- 
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satisfactory due to thermocouple failure. However, it 
was satisfactory at the temperature level of 1300° F. 

Reference to Fig. 3 indicates that the cooling curve on 
Plate 17 was unnecessarily slow in so far as the heat- 
affected zone was concerned. The very high arc power 
used in making this weld also resulted in an undesirable 
reduction in strength of the deposited metal, probably 
due to the loss of alloy constituents. The curve for 
Plate 11 in Fig. 3 shows the complete satisfactoriness of 
this cooling curve. Transformation of the heat-affected 
zone should be complete at about 760° F. Figure 13, 
showing the hardness and elongation surveys taken on 
the transverse specimen from this plate, illustrates the 
complete satisfactoriness of the properties of the weld 
metal. Figure 5 shows a maximum elongation in the 
longitudinal specimens from this plate of 17'/2°% which 
should be very satisfactory. Thus, for this thickness and 
for the electrode used in this investigation the welding 
conditions of Plate 11 represent the ideal both with re- 
gard to the heat-affected zone and also the properties 
of the weld metal. 

Figure 3 also indicates that the cooling curve obtained 
with Plates 14, 18 and 20 should be adequate from the 
standpoint of the heat-affected zone. However, the 
cooling of Plate 14 probably represents a border-line 
case. When Plate 14 is investigated from the standpoint 
of weld-metal properties it is noted in Fig. 12 from the 
elongation survey, that the weld metal possessed too low 
yield strength as evidenced by the much greater elonga- 
tion taking place in the weld metal. Plate 14 presents an 
interesting comparison with Plate 11 since it cooled more 
rapidly than the latter and yet showed lower yield 
strength in the weld metal. Examination of Table 1 
indicates the probable reason for this behavior. Plate 14 
was actually welded with approximately 13% higher 
power level than Plate 11 although the latter experi- 
enced a slower cooling rate due to almost 40% greater 
energy input per unit length, due to the lower arc travel 
speed. This comparative behavior is an excellent illus- 
tration of the desirability of bringing about a proper cool- 
ing curve in the heat-affected zone by reduction in arc 
travel speed rather than too great an increase in arc 
power level for a given size electrode. Figure 9, showing 
the hardness and elongation surveys for Plate 20, indi- 
cates the undesirable reduction of yield strength in the 
weld metal occasioned by the high power level required 
to slow the cooling curve of */,-in. plate welded at room 
temperature. The longitudinal test specimen of Plate 20 
indicated excessive fish eyes, which condition appears to 
be related somewhat to the power level used in welding, 
but also, perhaps to a greater extent, to the lower portion 
of the cooling curve, as will be discussed later. 

The cooling curves for Plates 13, 6 and 10 appear to be 
inadequate upon examination of Fig. 3, owing to the 
indication that appreciable martensitic constituents may 
be expected in the heat-affected zone. However, the 
cooling curve of Plate 10 probably indicates another 
border-line case similar to that of Plate 14. The fact 
that these latter two plates have been preheated indi- 
cates that the martensitic constituents in these welds 
may be sufficiently tempered during cooling. Compari- 
son of the hardness and elongation curves for Plates 10 
and 14 indicates again, by the elongation behavior, that 
the power level used in welding Plate 14 is slightly too 
high from the standpoint of weld-metal yield strength. 

Figure 5 shows the maximum elongation of the longi- 
tudinal as-welded specimens for the eight different */,-in. 
plates described in this investigation. It will be recalled 
that the preheated plates exhibited no fish eyes whereas 
those welded at room temperature did show these de- 
fects after testing, the defects being most pronounced in 
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Fig. 19—-Complete Set of Test Specimens for Plate 17 Showing 
Longitudinal As-Welded Specimens After Fracture to Further 
Observe Soundness of Weld Metal 


Plate 20, shown in Fig. 20, which was the plate welded at 
the highest power level. The other plates exhibited fish 
eyes to a lesser degree, and a conspicuous fact, noted in 
connection with the longitudinal as-welded specimen from 
Plate 13, was that it was almost completely free from fish 
eyes. However, these were present in the other longi 
tudinal specimen taken from this plate. It is quite 
probable that the almost complete freedom from fish 
eyes noted above was responsible for the unusually high 
elongation indicated for Plate 13 in Fig. 5. 

Figures 6, 7, 8 and 9 illustrate the hardness and elonga- 
tion surveys for a series of */,-in. plates welded at room 
temperature with increasing amounts of energy input per 
unit length and resultant slower cooling curves in the 
heat-affected zone. As indicated previously, Plates 13 
and 6 were inadequate as far as proper cooling of the 
heat-affected zone was concerned. Only Plate 20 illus- 
trates a satisfactory condition in this respect. The 
gradual change in weld metal properties as compared to 
plate properties, is evident in these figures. Figure 6 
for Plate 6 indicates balanced ductility in weld and plate 
metal. This is also indicated in the photograph, Fig. 15, 
in which it is evident that elongation took place both in 
the weld metal and in the adjacent plate. Figures 8 and 
9 indicate that the power level has been raised to such a 
value as to increase the elongation of the weld metal as 
compared to that of the plate, indicating lower yield 
strength in the weld metal. 

From the above considerations it is evident that no 
welding conditions for the welding of */,-in. plate of this 
composition at room temperature have been found com- 
pletely satisfactory from the standpoint of both weld 
metal and heat-affected zone. It should also be noted 
that all of the */,-in. plate specimens showed the produc- 
tion of small gas cavities, with resultant fish eyes in the 
fractures of the longitudinal specimens. These fish eyes 
were exhibited to the greatest degree in Plate 20 welded 
at the highest power level. This is indicative of the fact 
that the power level used in welding this plate resulted in 
the loss of deoxidizing elements, which resulted in the 
production of more frequent gas cavities. The fact that 
Plate 17 did not show evidence of any fish eyes although 
welded at approximately the same power level as Plate 
20, indicates that the weld metal of Plate 17 may have 
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Fig. 20-——Fracture of Longitudinal As-Welded Specimens, for 
Plates 10, 17 and 20, Showing Pronounced Fish Eyes in the 
Fracture of Plate 20 


solidified sufficiently more slowly to permit dissolved 
gases to be evolved, rather than to become trapped, as 
in the case of Plate 20. 

Figure 10 shows hardness and elongation surveys for 
Plate 18 which was */,-in. thick and welded at room tem- 
perature. This figure indicates that Plate 18 was en- 
tirely satisfactory from the standpoint of relative yield 
strength of weld metal and plate. Figure 3 had already 
indicated that the cooling curve for Plate 18 should be 
satisfactory from the standpoint of the heat-affected zone. 
This is also indicated by the peak hardness indicated in 
Fig. 10 of 249 Vickers, which was also found for Plates 14 
and 20, Figs. 12 and 9, for which the cooling curves in 
Fig. 3 appear satisfactory from the standpoint of the 
heat-affected zone. 

Figures 11, 12, 13 and 14 indicate hardness and elonga- 
tion surveys for a series of plates welded at increasing 
values of arc energy input per unit length and consequent 
slower cooling curves for the metal in the heat-affected 
zone. The hardness survey indicates successively lower 
hardnesses in the heat-affected zone as the arc energy is 
increased. The elongation surveys indicate successive 
reduction in yield strength and increase in elongation of 
the weld metals except for the relative position of Plates 
14 and 11 in Figs. 12 and 13. An explanation for the 
differences here noted has already been given on the basis 
of the higher power level used in welding Plate 14. 

Figures 15, 16, 17, 18, 19 and 20 illustrate by means of 
photographs the appearance of weld specimens after 
tests. Figures 15, 16 and 17 show a comparison of the 
three types of test specimens used for studying the charac- 
teristics of the welded joint. The cooling curves meas- 
ured in the heat-affected zone of these plates are shown 
in Fig. 2 from which it was noted that although all three 
plates cooled at approximately the same rate from 1300° 
F. down to 1000° F., there is a significant departure be- 
low this temperature, in the case of the cooling curve for 
Plate 6 as compared with Plates 14 and 18. It will be 
recalled that Plate 6 was a */,-in. plate welded at 400° F. 
and Plate 18 was a */,;-in. plate welded at 68° F. Figure 
16 shows the longitudinal as-welded specimens in which 
frequent tears have come to the surface of Plate 6 during 
testing. There is also a slight defect in Plate 14 but this 
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is evidently local in character. When specimens such as 
Plate 6 exhibit frequent tears in the longitudinal speci- 
mens after testing, they will also exhibit fish eyes when 
these specimens are pulled beyond their ultimate load to 
fracture. The top surfaces of the plates are shown in 
Fig. 16, and it is evident that the top of the groove was in 
each case filled by means of two passes. The deformation 
during testing has served to effectively etch the surface 
of the specimen, indicating by a greater roughness, the 
cast metal remaining in the top pass and a narrow streak 
of weld metal which has been grain refined by the last 
pass, in the weld metal of the preceding pass. 

Figure 17 shows the normalized longitudinal specimens 
and Plate 6 again exhibits frequent tears at the surface, 
indicative of gas cavities. Notice that these longitudinal 
specimens do not exhibit the roughened surface of the top 
pass of the weld metal after testing, since the specimens 
have been normalized and the cast structure has been re- 
fined by this operation. 

Figures 18 and 19 illustrate the test specimens of 
Plates 10 and 17 which represent the extremes in energy 
input for welds made in plate at 400° F. Note the very 
characteristic difference in behavior between the trans- 
verse specimens in these two cases, the high power level 
used in welding Plate 17 has evidently reduced the yield 
strength of the weld metal materially. It should be 
noted in examining these photographs that the central 
specimens were first tested only to their ultimate strength 
in order to permit a measure of maximum deformation at 
this load. They were later placed again in the testing 
machine and loaded to the breaking point in order to ex- 
amine the fractures. The fractured surface of these 
specimens is shown in Fig. 20 together with the fracture 
of Plate 20, which exhibits pronounced fish eyes. The 
fracture of Plates 10 and 17 exhibit the characteristic 
satin gray surface of typical tension fractures in fine grain 
ductile material. 

The quantitative study of cooling curves and the re- 
sultant properties of the welded joints affords an inter- 
esting bit of further information on the production of 
“fish eyes” in weld metal. These fish eyes consist of 
small cavities which upon fracture show a shiny interior 
surface surrounded by a light area exhibiting the charac- 
teristics of a brittle granular fracture surrounding the 
small cavity. Outside of this brittle area in the fracture, 
the weld metal shows the characteristic dark gray of the 
shear type of tension failure. 

All of the specimens prepared for this investigation 
which were welded at room temperature in */,-in. plate 
showed evidence of fish eyes. On the other hand, all 
*/,-in. plates welded at 400° F. showed a complete ab- 
sence of fish eyes. In addition, */;-in. plates welded at 
room temperature were free from the above mentioned 
phenomenon. As an example of this behavior and as an 
indication of the differences which resulted in fish eyes, 
the cooling curves for Plates 6, 14 and 18 were plotted on 
the same sheet in Fig. 2. These particular plates were 
selected since they represent each of the above condi- 
tions, namely, */, in. welded at room temperature, */, in. 
welded at 400° F. and */,-in. plate welded at room tem- 
perature. The first of these plates showed a great many 
fish eyes and none were present in the case of specimens 
from the other two plates. These plates were further 
selected to have essentially the same cooling rate in the 
heat zone adjacent to the weld, during the cooling through 
the critical temperature and through the subcritical 
range down to about 1000° F. It is to be noted that the 
thermal history of these three plates is essentially the 
same except for the cooling range below 1000° F. Below 
this temperature the specimen which showed pronounced 
fish eyes continued to cool very much more rapidly than 
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the two specimens which were not affected. This gives 
further support to the experience of others that fish eyes 
are produced in the temperature range below 1000° F. 
or more particularly in the range near 450° F. The 
curves here shown do not go down as low as this tempera- 
ture but come sufficiently close to indicate that Plate 6 
is cooled more rapidly through the temperature range in 
the neighborhood of 500° F. than Plates 14 and 18. 
Since only in this range is there any essential difference 
in the thermal history of all of these plates and since there 
is a marked difference, it must be concluded that the 
production of fish eyes takes place in the lower portion of 
the cooling range. However, the exact temperature 
range is not evident from these cooling curves since the 
weld metal itself is at a somewhat higher temperature 
than the heat-affected zone in which the temperature 
measurements were made. Further experience is neces- 
sary to establish closer limits for the production of fish 
eyes. 

Previous experience in this laboratory has shown that 
fish eyes may be avoided by adopting a welding technique 
which has been called the “cascade’’ method by which 
the groove is filled by a succession of overlapping passes, 
the length of which is determined by the amount of metal 
in a single electrode, and is deposited from the bottom of 
the groove to the top in such a way that each layer is 
placed over the preceding layer before the residual heat in 
the plate has been lost. This, of course, amounts to 
welding with a preheated plate although it is only neces- 
sary to apply external heat at the beginning of such an 
operation. 

Upon examination of the normalized longitudinal speci- 
mens welded at room temperature, it was observed that 
the light gray brittle area of fracture surrounding the 
small cavities tended to disappear for those specimens 
welded at the higher energy levels. This characteristic 
of fish eyes was replaced by a simple shear fracture sur- 
rounding and approaching closely to the small cavity. 
It was possible to observe in many cases that these shiny 
cavities were elongated parallel to the dendrites. In a 
few cases, in plates welded with low energy, such as 
Plate 6, actual fish eyes of the ordinary variety were also 
observed in the normalized specimens. In fracturing the 
transverse specimens, fish eyes of the ordinary variety 
were not observed although those welds which exhibited 
fish eyes in the longitudinal specimens did show gas 
cavities in the transverse specimens. Complete observa- 
tion of all of the transverse specimens was not possible 
because failure often occurred outside of the weld. 

To summarize the observations in connection with the 
production of fish eyes, it was noted that all */,-in. plates 
welded at 400° F. showed complete absence of this 
phenomenon. Also, all */;-in. plates welded at room 
temperature were entirely free from fish eyes. On the 
other hand, some fish eyes were found in all of the */,-in. 
plates welded at room temperature. 


Summary 


As a result of the limited study of the effects of cooling 
rate on the properties of welded joints described in this 
paper, the following observations may be made: 

1. The superposition of cooling curves corresponding 
to actual welding conditions upon the S-curve for any 
given steel, provides an excellent indication of the satis- 
factoriness of a given set of welding conditions, from the 
standpoint of the effect on the metal in the heat-affected 
zone. The S-curve provides an indication of those weld- 
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ing conditions which may be expected to be satisfactory 
and also those which should prove definitely unsatisfac- 
tory. The type of structure, and an indication of the 
maximum hardness to be expected, may also be obtained. 

2. In the effort to improve the quality of the heat- 
affected zone, it is possible to use such a high power level 
in welding as to adversely affect the properties of the 
weld metal. 

3. If slow cooling is required, better properties in the 
weld metal will be secured by reducing the arc-welding 
travel speed than by increasing the power level. 

4. If still further reduction in cooling rate is required, 
than can be obtained by reduction in electrode travel 
speed or by increase in power level, preheating of the 
plate will bring about significant reduction in the speed 
of cooling without sacrifice of weld quality. 

5. Preheating is particularly effective in producing 
improved quality in the heat-affected zone of those metals 
which tend to transform only upon cooling below tem- 
peratures of the order of 1000° F., as is the case with the 
carbon-moly steel herein discussed. 

6. Fish eyes limit the ductility of weld metal and are 
related to the power level used during welding as well as 
to the speed of cooling through temperature ranges below 
1000° F. 

7. Completely satisfactory welding conditions for 
*/.-in. carbon-moly plate may be obtained at room tem- 
perature, as for example, the welding conditions used for 
Plate 18. Similarly satisfactory conditions for */,-in. 
carbon-moly plate, using the same electrode size and ma- 
terial, may only be obtained by preheating, as for ex- 
ample, the welding conditions used for Plate 11. 

8. In establishing welding conditions for different 
thicknesses on any given material,,that portion of the 
cooling curve through the transformation range for the 
particular material, should be duplicated. For example, 
the S-curve shows the important transformation range 
for the carbon-moly steel to begin at about 950° F. Be- 
tween 950° and 850° F. the cooling curves show that the 
excellent welds in Plates 18 and 11 cool at the rate of 10.5 
and 10.0° F./sec., respectively, whereas at 1300° F., 
Table 1 shows them to be cooling at very different rates. 
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Carbon Manganese 
Weldability Research 


In the October issue of the JOURNAL there were pub- 
lished four papers relating to the investigations of the 
Carbon Steels Committee of the Welding Research Com- 
mittee’ These reports complete the first phase of the 


- committee’s investigations. The committee now pro- 


poses to conduct an additional program of research. 
This proposed program is summarized below in a letter 
from Mr. Charles H. Jennings, Chairman, to Dr. C. A. 
Adams, Chairman of the Welding Research Committee. 
Contributions from $250 up are being solicited for this 
program. Comments and criticisms are invited. Please 
communicate with W. Spraragen, Executive Secretary, 
Welding Research Committee, 33 West 39th St., New 
York. 


* * 


October 16, 1942 
Dr. C. A. Adams, Chairman 


Welding Research Committee 


DEAR Dr. ADAMS, 


The first phase of the Carbon-Manganese Project as 
directed by Subcommittee II on Weldability of Carbon- 
Manganese Steels of the Industrial Research Division of 
the Engineering Foundation has been completed. The 
object of this committee work has been twofold: (1) 
to investigate and develop suitable tests for weldability, 
and (2) to determine the influence of carbon and man- 
ganese on the weldability of steels. 

The initial undertaking of this committee was to ob- 
tain a suitable quantity of steel, both rolled and cast, of 
known composition on which to conduct the tests. 
Commercial rolled steel plates '/, in., '/2in. and 1 in. and 
2 in. thick and of the following types have been obtained: 


Type 1: Carbon 0.20—-0.24, manganese 0.35-0.45; 
rimmed, semi-killed and coarse grained. 

Type 2: Carbon 0.26-0.30, manganese 0.60—0.70; 
rimmed, semi-killed, coarse grained and 
fine grained. 

Type 3: Carbon 0.30-0.35, manganese 0.90-1.10; 
coarse grained and fine grained. 

Type 4: Carbon 0.30-0.35, manganese 1.50-1.70; 
coarse grained and fine grained. 


Experimental steels '/. in. and 1 in. thick of types 2, 3 
and 4, and cast steels '/, in., 1 in. and 2 in. thick of types 
2, 3 and 4 have also been obtained. 


Investigations have been conducted on the steels pur- 
chased by the committee by Battelle Memorial Institute, 
Carnegie-Illinois Steel Company, Climax Molybdenum 
Company and the Union Carbide and Carbon Company. 
The Naval Research Laboratories have conducted tests 
on the same heats of steel although they were purchased 
directly from the steel companies at the time the com- 
mittee’s steels were purchased. Committee F on Fatigue 
and Lehigh University have also been furnished steels 
from the Subcommittee II stock. 

The initial work completed by Battelle Memorial In- 
stitute under the direct supervision of Subcommittee II, 
the Naval Research Laboratories, the Carnegie-IIlinois 
Steel Corporation and the Climax Molybdenum Steel 
Company has produced some very valuable data which 
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have made it possible to draw tentative conclusions re. 
garding weldability tests and the weldability of carbon- 
manganese steels. Although these tentative concly- 
sions are listed in detail in the subcommittee report, a 
few of the more important ones are as follows: 


1. The bead hardness test appears to be a practica] 
test to determine the increase in hardness of the heat- 
affected area of a steel as the result of welding and is one 
test for measuring weldability. 

2. Initial plate temperature has an important in- 
fluence on the hardness obtained in the heat-affected 
area of the base metal. 

3. Steels with less than 0.25% carbon and less than 
0.50% manganese present no problem from the stand- 
point of loss of ductility next to the weld. 

4. Steels with more than 0.25% carbon and slightly 
more than 0.50% manganese are borderline as to welda- 
bility when they are to be used in the as-welded condi- 
tion but present no problem when they are to be stress 
relieved. 

5. Steels having more than 0.30% carbon and more 
than 1% manganese are not considered weldable from 
the standpoint of hardness produced, without precautions 
such as preheating even in lighter plates. 


Although the results already obtained from the Car- 
bon-Manganese Research Program have indicated a 
number of important trends there is still a lot of data re- 
quired regarding the weldability of these materials, 
The obtaining of this knowledge is particularly important 
at the present time because of the shortage in alloy ele- 
ments and the desire to increase the carbon and man- 
ganese contents of steels in order to obtain the desired 
physical properties. 

The most important of the additional data necessary is 
the influence of preheating and subnormal temperatures 
on the increase in hardness obtained jin the heat-affected 
area. It is not always possible to use a steel with ex- 
cellent weldability under all conditions; consequently, 
when a borderline steel must be welded it is essential to 
know whether or not preheating is required and what the 
preheating temperature should be. 

The V-notch slow bend test should also be investigated 
as a weldability test. This type of test holds consider- 
able promise and should be investigated in order to round 
out the study on weldability tests. 

In order to obtain the additional data desired the fol- 
lowing program is planned by Subcommittee II. This 
program represents research in addition to that con- 
ducted by cooperating laboratories and has been laid out 
with a knowledge of the cooperators’ programs. 


1. Investigate weldability at subnormal tempera- 
tures by conducting weld bead hardness tests on 
plates at subnormal temperatures, including 
those materials both rolled and cast which in 
previous tests developed a maximum hardness 
under the bead of less than 350 vickers. 

2. Investigate the benefits of preheating by conduct- 
ing bead hardness tests in an effort to determine 
the relation between preheat temperature, steel 
analysis, plate thickness and the hardness ob- 
tained in the heat-affected area. 

3. Conduct V-notch slow bead tests. 


It is estimated that $12,000.00 will be required to 
carry out this proposed program. 
Sincerely yours, 
(Signed) H. Chairman 
Subcommittee IT, Weldability 
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